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ABSTRACT

EPRI's Electricity Technology Roadmap describes a pathway to the
future which begins with one of the most fundamental of electric func-
tions: getting electricity from the point of generation to the point of use.
Power delivery has been part of the utility industry for so long that it is
hard to imagine that this process has not already been optimized. How-
ever, the power delivery function is changing and growing more com-
plex with the exciting requirements of the digital economy, the onset of
competitive power markets, the implementation of modern and self-
generation, and the saturation of existing transmission and distribution
capacity.

A framework for tomorrow’s electric future in U.S. energy policy
that incorporates the four vulnerabilities already present in today’s
power system will continue to degrade that power system. The four
vulnerabilities are: The security of power delivery and market systems;
the quality of power supplied; the reliability of power supplied; and the
availability of affordable energy services. Resolving these vulnerabilities
will yield benefits in the trillions of dollars annually for an investment
of as little as $100 billion. However, numerous science and technology
challenges remain before these investments can be made. Only actions
taken today to increase the level of research and development will allow
the needed developments to evolve. Without careful attention, the enor-
mous benefits which an advanced power delivery system can bring to
society will never take effect.

Simply stated, today’s electricity infrastructure is inadequate to
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meet rising consumer needs and expectations. Indeed, a sharp decline in
critical infrastructure investment over the last decade has already left
portions of the electric power system vulnerable to poor power quality
service interruptions and market dislocations. Substantial system up-
grades are thus needed just to bring service back to the level of reliabil-
ity and quality already required and expected by consumers, and to
allow markets to function efficiently so that consumers can realize the
promised benefits of industry restructuring.

To assure that the science and technology are available to address
the infrastructure needs, The Electric Power Research Institute (EPRI)
and the Electricity Innovation Institute (E2I) have initiated an ambitious
program. The Consortium for Electric Infrastructure to Support a Digital
Society (CEIDS) will build public/private partnerships to meet the en-
ergy needs of tomorrow’s society.

Restructuring and the rise of the digital economy have set electric-
ity price, quality, and reliability on a collision course. The main driving
force behind efforts to increase competition in both wholesale and retail
power markets was the need to make inexpensive electricity more
widely available—in particular, to reduce regional price inequities. Al-
ready the effects of deregulation are being seen in the wholesale market,
with both prices and price differentials declining rapidly. The effect on
retail markets will come more slowly, but over the next twenty years, the
average real price of electricity in the U.S. is expected to fall buy 10
percent for residential customers, 17 percent for commercial customers,
and 14 percent for industrial customers. At the same time, however,
industry restructuring has not yet provided adequate financial incen-
tives for utilities to make the investments necessary to maintain—much
less improve—power delivery quality and reliability.

Meeting the energy requirements of society will require applying a
combination of advanced technologies—from generating devices (e.g.,
conventional power plants, fuel cells, microturbines) to interface devices
to end-use equipment and circuit boards. Simply “gold plating” the
present delivery system would not be a feasible way to provide the level
of security, quality, reliability, and availability required. Neither will the
ultimate customers themselves find traditional utility solutions satisfac-
tory or optimal in supplying the ever-increasing reliability and quality
of electric power they demand.

In addition, new technology is needed if society is to leverage the
ever-expanding opportunities of communications and electric utilities’
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natural connectivity to consumers to revolutionize both the role of a
rapidly changing industry and the way consumers may be connected to
electricity markets of the future. CEIDS can enable such a transforma-
tion and steer the direction for building future infrastructure.

CEIDS can create and meet new levels of social expectations, busi-
ness savvy, and technical excellence by attracting players from the elec-
tric utility industry, manufacturers, and end users as well as federal and
state agencies. In order to achieve this, CEIDS will be guided by the
following key principles:

Vision

To develop the science and technology that will ensure an ad-
equate supply of high quality, reliable electricity to meet the energy
needs of the digital society.

Mission

CEIDS provides the science and technology that will power a digi-
tal economy and integrate energy users and markets through a unique
collaboration of public, private, and governmental stakeholders.

THE POWER DELIVERY INFRASTRUCTURE

Change in the power delivery and electric energy markets sector
continues at significant pace. Traditional and emerging transmission,
distribution, and retail entities are faced with an array of critical chal-
lenges that address, not only the everyday business issues, but more
importantly, the long-term reliability, availability, quality, and security of
electric power—the life-blood of our economy and the world. Open
market access, the design and implementation of new market structures,
an aging and inadequate transmission and distribution infrastructure,
the lack of effective investment incentives, and the continued emergence
of a more sophisticated “digital aged” end-use consumer are creating
unprecedented, and often unpredictable, levels of complexity and risk.
This is complicated by FERC actions, diverse regulatory pursuits at the
state level, the fallout of the ENRON bankruptcy, and a poor overall
industry financial performance.

In today’s business world, memories tend to be short. The state of
California’s soaring electricity prices and rolling blackouts of 2001 are
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forgotten—or at the least, perceived to have been resolved. However, the
major factors underlying California’s crisis are present today throughout
much of the country.

The power delivery infrastructure is literally a national treasure. It
is largely responsible for the advancements society enjoys today. How-
ever, it is aging, constrained, underutilized and inadequate for
tomorrow’s economy. CEIDS has begun to identify a suite of technolo-
gies which have the potential to remedy these inadequacies and meet
the needs of tomorrow’s consumers.

CEIDS Formation

CEIDS has been formed as a $250 million five-year public-private
partnership to respond to the issues elucidated above.

Meeting the needs of an increasingly transactional society so as to
enable continued productivity growth, enhance the quality of life, and
minimize environment impact will require substantial changes in sev-
eral areas of technology.

Figure 1 describes these areas. All of the elements involve evolving
today’s power delivery infrastructure so as to fundamentally increase
the efficiency and value of electricity. The basis of these improvements
is a communications architecture overlayed on today’s power system.
This architecture is an integrated energy and communications system
architecture (IECSA).

IECSA enables four areas of technology to evolve:

e  Technologies which allow monitoring and control of power sys-
tems in real time.

e Technologies which increase the control and capacity of power
delivery systems. Together these developments will transform the
functionality of the power delivery infrastructure enabling such
concepts as the “smart grid” incorporating self-healing concepts.

e  Technologies which enhance the performance of digital devices
enabling tomorrow’s digital society to be supported.

*  Technologies which enable connectivity and enhance end use,
thereby revolutionizing the value of electricity services.

Development of tomorrow’s electric infrastructure, one which in-
cludes a self-healing transmission and distribution system—capable of
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Figure 1. A Descriptive Framework.
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automatically anticipating and responding to disturbances, while con-
tinually optimizing its own performance—will be critical for meeting
the future electricity needs of an increasingly transactional society. Ac-
cording to EPRI’s Electricity Technology Roadmap, “By 2020, the demand
for premium power—now just developing—will be pervasive through-
out every sector of the economy.”

The power of a self-healing grid can best be illustrated by show-
ing how it could have helped prevent the massive blackout of the
western grid on August 10, 1996. A transmission-class fault anticipa-
tor located at one end of the Keeler-Allston 500 kV line would have
detected tree contact with the line several hours before it finally
shorted out that day. Then a network of distributed data processors,
communicating with the regional operations center, would have iden-
tified the line as having an increased risk of failure, and simulations
would have been run to determine the optimal corrective response.
When failure occurred, a network of sensors would instantly have
detected the resulting voltage fluctuation and communicated this in-
formation to intelligent relays and other equipment located at substa-
tions. These relays would have automatically executed corrective ac-
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tions based on current information about the status of the whole
power system, isolating the 500 kV line and re-routing power to other
parts of the grid. No customer would even have been aware that a
potentially catastrophic event had occurred.

Much of the theoretical foundation for the self-healing grid has
been developed under the joint EPRI—US Department of Defense
Complex Interactive Networks/Systems Initiative (CIN/SI) that was
concluded in 2001. This 3-year, $15.5 million program of Government
Industry Collaborative University Research (GICUR) was funded
equally by EPRI and the United States Department of Defense
through the Army Research Office. The objective of CIN/SI was to
produce significant strategic advancements in the robustness, reliabil-
ity, and efficiency of the interdependent energy, communications, fi-
nancial, and transportation infrastructures. A key concern was the
avoidance of widespread network failure due to cascading and inter-
active effects—threats included intentional disturbances by an enemy,
natural disasters, and material failures. Work focused on advancing
basic knowledge and developing breakthrough concepts in modeling
and simulation; measurement, sensing, and visualization; control sys-
tems; and operations and management.

The objective of this CEIDS initiative is to continue the technologi-
cal development required for the self-healing grid and demonstrate the
technical feasibility and value of the concept. It is also the objective of
this initiative to identify complementary work being performed by oth-
ers and to serve as a coordinator and integrator of activities.

Objectives of the Self-healing Grid

The ultimate goal of this initiative is to create a new self-healing
paradigm for power delivery systems, with automated capabilities that
can anticipate many potential problems, reduce recovery time when
unexpected disturbances actually occur, and enhance performance of
normal operations.

To reach this goal, three primary objectives of the self-healing grid
need to be achieved:

¢ Dynamically optimize the performance and robustness of the sys-
tem.

®  Quickly react to disturbances in such a way as to minimize impact.

e  Effectively restore the system to a stable operating region after a
disturbance.
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Integrated Energy and Communications System Architecture (IECSA)

The initial step in developing the self-healing grid is to define
clearly the scope of the requirements of the power system functions
and to identify all the roles of the stakeholders. These must then be
included in an integrated energy and communications system architec-
ture. There are many power system applications and a large number
of potential stakeholders who already participate in power system op-
erations. In the future, more stakeholders, such as customers respond-
ing to real-time process, DR owners selling energy and ancillary ser-
vices into the electricity marketplace, and consumers demanding high
quality, will actively participate in power system operations. At the
same time, new and expanded applications will be needed to respond
to the increased pressures for managing power system reliability as
market forces push the system to its limits. Power system security has
also been recognized as crucial in the increasingly digital economy.
The key is to identify and categorize all of these elements so that their
requirements can be understood, their information needs can be iden-
tified, and eventually synergies among these information needs can be
determined. One of the most powerful methodologies for identifying
and organizing the pieces in this puzzle is to develop business models
that identify a strawman set of entities and address the key interac-
tions between these entities. These business models will establish a set
of working relationships between industry entities in the present and
the future, including intermediate steps from vertical operations to re-
structures operations. The business models will include, but not be
limited to, the following:

o Market operations, including energy transactions, power system
scheduling, congestion management, emergency power system
management, metering, settlements, and auditing.

e  Transmission operations, including optimal operations under nor-
mal conditions, prevention of harmful contingencies, short-term
operations planning, emergency control operations, transmission
maintenance operations, and support of distribution system opera-
tions.

e  Distribution operations, including coordinate volt/var control,
automated distribution operation analysis, fault location/isolation,
power restoration, feeder reconfiguration, DR management, and
outage scheduling and data maintenance.
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. Customer services, including automatic meter reading (AMR),
time-of-use and real-time pricing, meter management, aggregation
for market participation, power quality monitoring, outage man-
agement, and in-building services and services using communica-
tions with end-use loads within customer facilities.

¢  Generation at the transmission level, including automatic genera-
tion control, generation maintenance scheduling, and coordination
of wind farms.

¢  Distributed resources at the distribution level, including partici-
pation of DR in market operations, DR monitoring and control by
non-utility stakeholders, microgrid management, and DR mainte-
nance management. These business models will be analyzed and
used to define the initial process boundaries for subsequent tasks.
Business process diagrams will be used to illustrate the more com-
plex interactions.

The scope of IECSA architecture will encompass the power system
from the generator to the end-use load. In other words the IECSA archi-
tecture extends as far as the electric energy extends to do useful work.
This means the IECSA architecture includes the distributed computing
environments in in-building environments as well as interaction with
the foreseen operation of intelligent end-use subsystems and loads
within the customers’ facility.

The business models should include the issues surrounding RTO/
ISO operations and the seams issues between entities serving restruc-
tured as well as vertical markets. This includes business operations that
span across domains such as customer participation in ancillary service
functions as well as self-healing grid functionality. Standard documen-
tation languages such as unified modeling language (UML), high level
architecture (HLA), and others shall be used as appropriate. The intent
here is to make the resulting information useful for the various stake-
holder groups. Business entities should include, but not be limited to,
vertical utilities, as well as business entities anticipated to participate in
a fully restructured electric and energy service industry. The business
models should also include key communications business models that
could provide either common services or private network infrastruc-
tures to support the power industry through the IECSA architecture. The
business models for communications should include generic communi-
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cations business functions that may have roles in the ultimate imple-
mentation of the IECSA including but not limited to common carrier
services and the provision of access network technologies to customers.
These business models would address the application of new communi-
cations technologies that exhibit self-healing capabilities similar to that
proposed for the power system.

Fast Simulation and Modeling

Once the FECSA begins to be deployed, the industry’s computa-
tional capability must be enhanced. To enable the functionality of the
power delivery system, a capability which allows fast simulation &
modeling (FSM) will need to evolve to assure the mathematical under-
pinning and look-ahead capability for a self-healing grid (SHG)—one
capable of automatically anticipating and responding to power system
disturbances while continually optimizing its own performance. Creat-
ing a SHG will require the judicious use of numerous intelligent sensors
and communication devices that will be integrated with power system
control through a new architecture that is being developed by CEIDS.
This new architecture will provide a framework for fundamentally
changing system functionality as required in the future. The FSM project
will augment these capabilities in three ways:

. Provide faster-than-real-time, look-ahead simulations and thus be
able to avoid previously unforeseen disturbances;

e Perform what-if analysis for large-region power systems from both
operations and planning points of view;

e  Integrate market, policy, and risk analysis into system models, and
quantify their effects on system security and reliability.

The next step in creating a SHG will involve the addition of intel-
ligent network agents (INAs) that gather and communicate system data,
make decisions about local control functions (such as switching a protec-
tive relay), and coordinate such decisions with overall system require-
ments. Because most control agents on today’s power systems are sim-
ply programmed to respond to disturbances in pre-determined ways—
for example, by switching off a relay at a certain voltage—their activity
may actually make an incipient problem worse and contribute to a cas-
cading outage. The new simulation tools developed in the FSM project
will help prevent such cascading effects by creating better system mod-



Gain the tools you need to masterfully
manage all types of engineering and
construction projects...

PROJECT MANAGEMENT

& LEADERSHIP SKILLS
FOR ENGINEERING &
CONSTRUCTION PROJECTS

By Barry Benator, P.E., C.E.M., and
Albert Thumann, P.E., C.E.M.

Project management is the key to any engineering and
construction project’s success. Now you can learn from
the experts real-world tested strategies you can use to
lead your projectsto on-time, within budget, high quality
success stories. Specifics of scheduling, cost estimating
and leadership skills are fully detailed. The authors will
show you how to organize your project from the very
beginningtoachieve success. You’llalso learnto use win-
win negotiation skills during each stage of your project.
Real world examples will facilitate your understanding of
howtoapply every aspect of the material presented inthe
text. Loaded with forms, checklists and case studies, this
invaluable reference isa must for everyone involved with
engineering and construction projects.

ISBN: 0-88173-429-2

6 x9, 226 pp., llus.

ORDER CODE: 0514 Hardcover, $98.00

BOOK ORDER FORM ___ _

PrROIECT

1 - Overview of Project
Management
2 - Staffing the Project
3 - Fundamentals of Scheduling
4 - Computer Tools for Project
Management
5 — Technical, Schedule,
Financial Management
6 — Cost Estimating
7 — Leadership Fundamentals
8 — Effective Communications
9 — Economic Decision Making
10 - Contract Planning Essentials
11 - Commissioning
Construction Projects

12 - Case Study: Microbial
Abatement of a Moldy Hotel

Index

|:| Complete quantity and amount due for each book you wish to order:

CONTENTS —

Quantity Book Title Order Code Price Amount Due
Project Management & Leadership Skills for Engineering & Construction Projects 0514 $98.00
|:| Indicate shipping address: CODE: Journal 2003 Applicable Discount
Georgia Residents
NAME (Please print) BUSINESS PHONE add 6% Sales Tax
Shipping Fees 9.00

SIGNATURE (Required to process order)

COMPANY

TOTAL

MEMBER DISCOUNTS

A 15% discount is allowed to AEE members.

STREET ADDRESS ONLY (No P.O. Box)

Send your order to:

[J AEE Member (Member No.

[ ]

CITY, STATE, ZIP AEE BOOKS INTERNET ORDERING
Make check bl V P.O. Box 1026
|:| ian E?S?:unpdiyti: € Lilburn, GA 30048 www.aeecenter.org
Select method of payment: AEE ENERGY BOOKS
0 CHECK ENCLOSED TO ORDER BY PHONE TO ORDER BY FAX

[0 CHARGE TO MY CREDIT CARD
[ VISA

[J MASTERCARD [J AMERICAN EXPRESS

Use your credit card and call :

(770) 925-9558

Complete and Fax to:

(770) 381-9865

CARD NO.

Expiration date Signature

INTERNATIONAL ORDERS
Must be prepaid in U.S. dollars and must include an additional charge
of $10.00 per book plus 15% for shipping and handling by surface mail.




NOW AVAILABLE - FOUR COMPLETE BOOKS ON ONE CD-ROM...
THE ENERGY MANAGEMENT REFERENCE LIBRARY CD

‘ Enargy Managemeant

Refesance Library OO

¥p Mma e Friym o Frbrma e drais

Including over 1900 pages of text, graph-
ics, charts and illustrations, the Energy
Management Reference Library CD pro-
vides an economical training, research
and reference resource for today’s en-
ergy professional. Indexed with book-
marks for convenient navigation, the
CD-ROM contains the following four
complete booksin Adobe PDF® format: 8

CD ORDER CODE: 0512
PRICE: $395.00

ENERGY MANAGEMENT HANDBOOK, 4™ Edition

By Wayne C. Turner.

This comprehensive 761-page handbook has become
recognized as the definitive stand-alone energy manager’s
desk reference, used by thousands of energy manage-
ment professionals throughout industry.

Printed hardcover also available, price: $150.00

GUIDE TO ENERGY MANAGEMENT, 4™ Edition

By Barney Capehart, Wayne Turner & William Kennedy.
This best selling book provides a manager’s guide to the
most important areas of energy cost cutting. Written by
three of the most respected energy professionals in the
industry, it examines the fundamental objectives of en-
ergy management, and illustrates tools and techniques
proven effective for achieving results.

Printed hardcover also available, price: $125.00

SOLUTIONS MANUAL FOR GUIDE TO ENERGY
MANAGEMENT, 4™ Edition

By Klaus-Dieter E. Pawlik

This practical study guide serves as a valuable compan-
ion text, providing worked out solutions to all of the
problems presented in Guide to Energy Management
Fourth Edition.

Printed hardcover also available, price: $75.00

HANDBOOK OF ENERGY ENGINEERING, 5™ Edition
By Albert Thumann and D. Paul Mehta.

Thisreference will guide you step by step in applying the
principles of energy engineeringand managementto the
design of electrical, HVAC, utility, process and building
systems for both new design and retrofit projects.
Printed hardcover also available, price: $92.00

NOTE: The Energy Management Reference Library CD uses Adobe® Portable Document Format (PDF) software. To access the CD, you must have
a CD-ROM Drive, and have Adobe Acrobat® Reader installed on your computer. This software may be downloaded free from www.adobe.com.

ORDERFORM _ _ _______________ ]

|:| Complete quantity and amount due for each CD you wish to order:

Quantity Book Title

Order Code Price Amount Due

The Energy Management Reference Library CD

0512 $395.00

|:| Indicate shipping address: CODE: Journal 2003 Applicable Discount

Georgia Residents

NAME (Please print) BUSINESS PHONE

add 6% Sales Tax
Shipping Fees 9.00

SIGNATURE (Required to process order)

COMPANY

MEMBER DISCOUNTS

A 15% discount is allowed to AEE members.

STREET ADDRESS ONLY (No P.O. Box)

[J AEE Member (Member No. )

Send your order to:

CITY, STATE, ZIP

Make check payable
in U.S. funds to:

Select method of payment: AEE ENERGY BOOKS

[J CHECK ENCLOSED

[0 CHARGE TO MY CREDIT CARD
[ VISA [J MASTERCARD [J AMERICAN EXPRESS

HEEEEEEEEEEEEE

CARD NO.

Expiration date Signature

'\/ /F-}ECI)E gOOllés26 INTERNET ORDERING
.0O. Box
Lilburn, GA 30048 | WWW-aeecenter.org

TO ORDER BY PHONE TO ORDER BY FAX

Use your credit card and call : Complete and Fax to:

(770) 925-9558 | (770) 381-9865

INTERNATIONAL ORDERS
Must be prepaid in U.S. dollars and must include an additional charge
of $10.00 per book plus 15% for shipping and handling by surface mail.




Winter 2004, Vol. 23, No. 3 69

els that use real-time data coming from INAs over a wide area and in
turn coordinate the control functions of the INAs for overall system
benefit, instead of the benefit of one circuit or one device. As discussed
later, having such improved modeling capability will also enable plan-
ners to better determine the effects of various market designs or policy
changes on power system reliability.

To reach these goals, the FSM project will focus on the following
three areas:

e Multi-Resolution Modeling. New modeling capabilities will be
developed that provide much faster analysis of system conditions
and offer operators the ability to “zoom” in or out to visualize
parts of a system with lower or higher degrees of resolution. This
off-line modeling activity will be the focus of work during the first
two years of the project.

*  Modeling of Market and Policy Impacts on Reliability. The recent
western states’ power “crisis” dramatically illustrated how un-
tested policies and market dynamics can affect power system reli-
ability. The new modeling capabilities being developed in this
project will allow planners and policy makers to simulate the ef-
fects of their activities before actually putting them into practice.
This effort will be conducted in parallel with the previous project,
beginning in the first year, and then integrated with the multi-reso-
lution system models.

e  Validation of Integrated Models with Real-time Data. Once the
new, integrated models have been thoroughly tested off-line, they
will be validated and enhanced using real-time data from major
power systems. This work will begin in the third year and continue
through the end of the project. Full integration with on-line net-
work control functions and INAs will be left to a follow-on project.

Unified integration architecture is the key enabler to successfully,
and inexpensively, deploying advanced functions. This architecture
must be robust enough to meet the numerous disparate requirements for
power system operations and flexible enough to handle changing needs.
The focus of this project is to identify and propose potential solutions for
enterprise and industry-wide architectural issues that will arise from the
high levels of integration and management foreseen by this project. The
concepts and functions defined in the IECSA will support the develop-
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ment and deployment of distributed applications that reach to and
across a great number of applications and stakeholders. The IECSA is
required to integrate customer interaction, power system monitoring
and control, energy trading, and business systems. It will reach across
customers, feeders, substation, control centers, and energy traders. The
IECSA must also provide a scalable and cohesive way to access re-
sources across the wide spectrum of applications while at the same time
providing the means to filter out unwanted data.

Open Communication Architecture for Distributed
Energy Resources in Advanced Automation

A subset of the work on an integrated energy and communications
system architecture is the development of an open communication archi-
tecture for distributed energy resources (DER) in advanced distribution
automation (ADA) or DER/ADA architecture.

The DER/ADA architecture project will develop the object models
for integration of specific DER types into the open communication archi-
tecture that is being developed through the companion CEIDS project
known as the integrated energy and communications systems architec-
ture (IECSA) project. Whereas the IECSA project is concerned with the
broad requirements for the architecture, the DER/ADA architecture
project is focused on a very specific, but very important, piece of the
whole—object models for DER devices.

It is important to note that the term DER has various definitions
and is used ambiguously in different situations. The broadest use of the
term includes distributed generation, storage, load management, com-
bined heat and power, and other technologies involved in electricity
supply, both in stand-alone (off-grid) applications and in applications
involving interconnection with power distribution systems. Another
term, distributed resources (DR), is similarly used in an ambiguous
manner. For the current phase of the project addressed by this plan, the
scope is limited to object models for distributed generation and storage.
DER types selected for object model development by the stakeholder
team (defined later) will be limited to frontrunner distributed generation
and storage types.

Eventually, object models will also be needed for other DER types
besides distributed generation and storage. To the extent these models
are not being developed in other forums, they may be brought to the
CEIDS steering committee for consideration for funding in future
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projects. But only work on object models for distributed generation and
storage will be done in this project, as initially approved for funding.
Hence, for the remainder of this plan document, DER is used for brevity
to denote distributed generation and storage.

Key benefits that will be derived from the object model develop-
ment in this project and from the broader open architecture develop-
ment in the IECSA project include:

e Increasing the functionality and value of DER in distribution sys-
tem operations, which benefits both the utility and the consumer of
electricity.

e Growing the market for DER equipment vendors.

e  Providing a large market to communication and control equipment
providers for sale of their products to help build the infrastructure
for the open architecture.

Increased Power Flow

Real and reactive power flows in large integrated power transmis-
sion systems are constrained by voltage and power stability criteria. In
many cases the limits dictated by these stability criteria are far below the
“inherited” thermal capacity of transmission corridors. Even with the
adoption of stability measures, power flow levels could still fall below
the thermal limit due to the “uncontrolled” flow levels as determined by
the power transfer law which is governed by the line impedance, volt-
age magnitudes, and angle difference at the transmission corridor ends.

Real and reactive power flow, according to physical laws which, in
many transmission systems, result in under-utilization of transmission
lines. Some lines may have a flow close to their thermal limits, while
others are not fully loaded. Another problem of the “uncontrolled”
power flow is what is known as “loop flow” or “parallel flow,” where
less than 100 percent of contractual power flows over the designated
path and the rest of the power flow strands over other transmission
paths. As a result, the permitted, uncontrolled, power transfer level is
lower than the inherited thermal limits.

The challenge is, therefore, to be able to load all transmission lines
up to the thermal limits while maintaining overall system reliability. In
other words, to bring up the stability limit closer or even equal to the
thermal limit. Overcoming this challenge means a great percentage in-
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crease (30-60 percent) of power transfer capability, depending on the
specifics of considered transmission system.

The technological solution envisioned by EPRI to deal with the
above-described challenge aims at enabling control of the parameters
governing the real and reactive power flow on transmission lines. These
parameters are the transmission voltage, transmission line impedance,
and the phase angle difference. Dynamic control of these parameters
transforms the transmission lines from passive elements to active ele-
ments which could be independently adapted to share a predetermined
real and reactive power flow levels without any negative impact on the
transmission voltage quality. The key thrust of this technological solu-
tion is the development of power-electronics-based controllers which
use high power, high voltage kV and high current kA, solid switches.
These solid-state switches are employed to synthesize controlled current
and voltage components that are injected into the transmission system.
The controlled injected current and voltage components result in con-
trolling transmission voltage and the apparent transmission impedance,
thereby controlling the real and reactive power flows on transmission
lines. This means a full control of a point-to-point real and reactive
power flow, with no loop flows or parallel flows. Furthermore, these
controlled injected current and voltage components could be used to
relieve transmission “bottlenecks” without the need of building “by-
pass” transmission lines.

This technological solution is named FACTS (flexible AC transmis-
sion system). The use of FACTS controllers helps preserve system integ-
rity during the short-term major system disturbances and/or to fully
direct and control real and reactive power flows on transmission corri-
dors.

As global businesses connect more and more different electronic
systems into industrial, commercial, and residential sectors, the problem
of electrical incompatibilities will grow. With the proliferation of embed-
ded processors and other sensitive digital equipment, the customer is in
effect constantly monitoring and reacting to power variations. Therefore,
it is crucial that the electric power industry better monitor and assess the
performance of its electrical power delivery systems. Conventional mea-
sures, such as utility-reliability data and indices, measure outage dura-
tion and frequency but ignore a host of other quantifiable phenomena,
particularly voltage sags, inter-harmonics, momentary interruptions,
and transients affecting majority of customers.
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There is a fundamental difference in assessment of electrical sys-
tem for near real-time modeling and simulation for on-line dynamic
security assessment and developing an optimal balance between load
compatibility and power system performance criteria for precision elec-
tricity users. The time scale of assessment for precision electricity users
is in the range of milliseconds, whereas for power system stability as-
sessment the time scale is more in the order of seconds. As microproces-
sor-based controllers are embedded into a wide variety of residential,
commercial, and industrial equipment, reliability and stability of the
grid alone will not be able to meet the customer expectation and require-
ment for perfect power. The SQRA (security, quality, reliability, and
availability) method, which was developed as part of an earlier CEIDS
initiative, provides a unique platform to assess the optimum balance of
load immunity and power system performance requirement for preci-
sion electricity users.

The advanced electrical assessment project will result in a detailed
knowledge base from which the mean time between failure (MTBF)
values for electrical environment can be derived based on different qual-
ity levels. The SQRA analysis approach then can be applied to identify
target immunity levels that the manufacturer standards organizations
and equipment designers are able to consider power system compatibil-
ity in the design of the next generation digital equipment. A secondary,
but very important value chain of this project, is to feed the appropriate
data to the other CEIDS initiative on real-time modeling and simulation.
Because of the inherent difference in the characteristics of data needed
for conducting SQRA analysis and real-time modeling, a subset of the
advanced electrical assessment data will feed the modeling project. This
effort will also result in developing a framework for “monitors” so that
in the future the data quality from monitors conforms to the need of
various functional needs that are currently being met by different hard-
ware platforms.

Over the past two decades, unprecedented technological progress
has been achieved in the development of solid-state, power electronic-
based transmission and distribution (T&D) controllers and systems,
which enable a degree of precision, high-speed control over electricity
flow on utility grids that is analogous to that afforded by microelectron-
ics in computers. But despite the technical success thus far, power elec-
tronics technology is at a critical crossroad. The initial technology, based
on silicon thyristors (or silicon controlled rectifier) in various circuit and
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device configurations, is relatively mature and standardized among
major electrical equipment manufacturers. Emerging new technology
based on voltage-source converters is coming into view, offering enor-
mous potential for reducing the complexity, size, weight, and cost of
highly sophisticated, multifunctional controllers for T&D systems.

The research program described in this document will address the
two primary obstacles preventing the widespread deployment of volt-
age source converter-based transmission and distribution (T&D) control-
ler technology—cost and reliability.

Value-added Electricity Services

There is enormous consumer advantage to develop and implement
technologies that will enable traditional and non-traditional energy pro-
viders and service providers as well as their customers the ability to
access a variety of electricity related value-added service (VAS) oppor-
tunities, including real connecting to electricity markets.

Create e-business-enabled opportunities by providing timesaving
on-site, on-line services, based on the integration of electricity with com-
munication systems. These services can be offered by anyone and will
improve the digital economy’s competitiveness and performance
through better integration of power, communications, and entertain-
ment-delivery as well as emerging wireless communication technolo-
gies. Convergence of these technologies and capabilities will create new
value within the traditional electricity industry and remove delays and
complexities in decision-making by transforming the current “getting-
connected” model into a fast and efficient “on-line” model. Consumers
would enjoy a great deal of benefit if suppliers were able to offer a menu
of services related to the “new” electricity.

Electric utilities will be able to expand the portfolio of their busi-
ness services to include communication, internet access, real-time on-
line monitoring, and other associated services.

The customers will gain real-time access to energy markets and
thus better control energy cost and energy utilization. Integrated com-
munication and control will be available to expedite data exchange.

It will facilitate wide public access to an integrated communication
and power system through better utilization of existing and future infra-
structure.

A variety of experiments and start-up ventures have chased the
dream of providing home automation, automated security, internet ac-
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cess and similar services. On the other hand, the complexity of choice in
owning and operating a high-tech, complex e-business leads to delays in
decision-making, lack of information to make the most economic choices
for power and data services; and own, lease, or buy decisions with re-
spect to energy and power quality equipment. Most services today are
specialized in a single aspect of business such as energy or even energy
by type (natural gas, electric and fuel) or telephone or fiber services.
These resources need to be evaluated together to optimize price and
value to e-business.

There is also a need to develop innovative technologies and ser-
vices that can provide options for consumers to use energy more effi-
ciently and bolster their ability to withstand disruptions in the delivery
of electric power. The digital business sector relies heavily on linkages
between power, data transfer, and communications. As these technolo-
gies converge, new opportunities will emerge for digital devices and
technologies that not only optimize energy use, but also anticipate and
mitigate the effects of power disturbances. Options will include the
application of solid-state electronics for the control of industrial pro-
cesses and equipment, development of more efficient and reliable mo-
tors and drives, and development of lighting and HVAC technologies
that are not only more efficient but also have little or no harmful envi-
ronmental effects.

End users will increase the productivity of their systems by 30 to
40 percent over the next 3-5 years due to rapid technological advances
while improving energy efficiency. Utilities will be able to considerably
minimize political and market pressures to invest in new energy genera-
tion and transmission. Federal and state government agencies will be
able to influence the improvement of individuals’ quality of life.

Deregulation of the electric industry has diverted attention away
from energy efficiency programs. The shift away from longer-term pub-
lic benefit R&D has reduced the funding available for energy efficient
technology development. It is thus imperative to conduct R&D pro-
grams that provide the digital economy sector with more energy effi-
cient and reliable technologies.

e There is a need to develop load management technologies, com-
munication protocols and interoperability, and electronic equip-
ment such as direct digital control systems that combine power,
data, and communication equipment to provide real-time control
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of integrated systems that integrate HVAC, lighting, and process
systems with on-site energy generation and storage systems.

Industrial motor systems represent the largest single electrical end
use in the American economy. Industrial electric motor systems
and motors used in industrial space heating, cooling, and ventila-
tion systems use roughly 25 percent of all electricity sold in the
United States. Research is needed to develop motors that use en-
ergy more efficiently and are able to ride through a variety of
power quality disturbances. In addition, better control systems that
enable motors to follow the load more closely by adjusting the
amount of power delivered to the motor on a continuous basis
need to be developed.

Lighting accounts for 20 to 30 percent of all commercial electricity
use in the U.S. Research is needed to develop lighting systems
based on novel lighting sources, such as ultra-violet vertical-cavity
surface-emitting lasers (UV VCSEL) and light emitting polymers
(LEPs). These technologies produce higher output levels per unit
of energy which can be precisely controlled under a variety of
control scenarios, thus resulting in reduced heat generation within
the lighting system.

The microprocessors and other digital components used by high-
technology industries and businesses require special environmental
conditions for proper operation. HVAC systems and components
that use energy more efficiently and do not rely on environmentally
harmful refrigerants need to be developed. In addition, enhanced
control technologies are needed to enable HVAC systems to better
follow air conditioning loads and to allow the seamless integration
of HVAC and advanced thermal energy storage systems.

CONCLUSION

Clearly, meeting the power quality and reliability needs of the

emerging digital society will require the integration of energy with infor-
mation services, and systems will require widespread cooperation among
public and private interests. The electricity sector has many stakeholders
with diverse interests. Incorporating the concepts of an advanced power
delivery infrastructure into US energy policy is essential for coalescing
the development and deployment of advanced technologies.



