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Executive Summary

The primary objective of this study is two-fold:

» to identify areas in which measurement and standards will
be needed to capture the full benefits of wholesale and
retail deregulation of the electric power industry in the U.S.,
and

» to identify, on a preliminary basis, the economic impacts of
not meeting those needs.
Preliminary findings were presented at NIST’s workshop on
“Challenges for Measurement and Standards in a Deregulated
Electric Power Industry” held December 6-8, 1999.

Measurement and standards can provide infrastructure
enhancements that will help facilitate deregulation, secure its
benefits, and avoid its potential pitfalls. The need for measurement
and standards in this new environment is primarily related to

» the increased growth in the number and complexity of
transactions,

» the increased number of market players and their
information needs, and

» a shift from reliance on voluntary agreements among
formerly integrated utilities to explicit contracts among
many providers of different services.

We estimate that the economic impact of prospective opportunities
that may be lost by not meeting these needs ranges from $3.1 to
$6.5 billion. These estimates are more illustrative than precise
because the U.S. is in an early phase of electric industry
deregulation, and they are based on a limited number of survey
responses from a sample of electric industry experts.
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Changing Measurement and Standards Needs in a Deregulated Electric Utility Industry

E.1

THE ROLE OF MEASUREMENT AND
STANDARDS

Measurement and standards are technical tools that include
scientific and engineering data, measurement and test methods, and
industrial practices and techniques. They are called
“infratechnologies” because they support core technologies by

» improving the efficiency of R&D;

» improving production processes and product and service
characteristics; and

» reducing market transactions costs and providing the
marketplace with reliable information on quality and other
attributes of a product, service, or process.

Measurement and standards are essential in the electric power
industry in expanding electricity use, reducing costs, maintaining or
improving system reliability, and generally enhancing the technical
and economic performance of the industry. Key areas in which
their value is increasing are

» competitive metering of energy generation—including

distributed generation—and ancillary services at the
supplier and customer levels;

» monitoring bulk power flows and transactions;

\/

monitoring transmission and distribution system conditions;

» communicating and controlling generation, transmission,
and distribution systems;

» monitoring power quality along these systems and in
customer facilities; and

» assessing system conditions and contract compliance
through the use of advanced diagnostic tools.

ES-2

E.2

DEREGULATION TRENDS AND CHANGING
CHARACTERISTICS OF THE ELECTRIC
POWER INDUSTRY

Deregulation of wholesale electric markets has been moving
forward since the issuance of FERC Orders 888 and 889 in 1996
and now with the recently released FERC Order 2000.
Deregulation of retail electric markets has been moving more
slowly: approximately one-half of the states in the U.S. have now
begun to implement, or have decided to implement, retail
competition.
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Deregulation in both markets is leading to several key changes in
industry structure and operation:

» Generation, transmission, and distribution are becoming
functionally unbundled.

» The generation segment of the investor-owned utility (IOU)
portion of the industry is becoming competitive, whereas
transmission and distribution regulation of IOUs continues
(by FERC in the first instance, and state utility commissions
in the second).

» Transmission is now designated as a common carrier, and
transmission system operators are required to provide open
access, nondiscriminatory service to market players.

» Ownership and control of transmission is becoming
separated in cases where groups of utilities are adopting the
nonprofit independent system operator (ISO) model,
whereas the two are remaining together in cases where
groups of utilities are adopting the for-profit transmission
company (TRANSCO) model.

» Many types of services—generation supply and services, AS
to supplement basic transmission service, and customer
services such as energy conservation and management,
metering, and billing—are becoming “unbundled” with the
result that they are being separately priced and open to
competitive supply.

Advances in core and enabling technologies have taken place that
are coincident with these changes and, in many cases, have served
to drive or facilitate them. An example of a core technology
advance is improvements in the cost and technical (heat rate)

performance of gas turbines and combined-cycle units.

An example of an enabling technology advance is electronic data
interchange (EDI) technologies and standards that provide a
potential building block to support retail competition, although
consistency between regional EDI systems is an ongoing concern.

However, for some technologies additional research is needed. An
example is dynamic state monitoring systems that have the
potential to increase transmission system capacity and support
power system reliability, but these systems are still in development.

Some of these technology advances will enable the creation and
spread of new products and services. For example, more accurate
and widespread metering will allow loads to be more price-
responsive, enabling services that seek to manage or otherwise
affect customer usage patterns. From the suppliers’ perspective,

ES-3
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this tool is valuable to manage generation and transmission growth.

Whereas a limited number of voluntary curtailment programs

currently exist, it is estimated that up to a 2 percent reduction in
peak demand could be obtained through widespread use of load

control programs.

ES-4

E.3

MEASUREMENT AND STANDARDS NEEDS TO
SUPPORT DEREGULATION

Measurements and standards in the new environment will be of

greatest value in supporting system operations, with its traditional

concerns of system reliability and security, and market operations,

particularly the exchange of information among many market

players with different equipment.

The following examples indicate where new and enhanced

measurements and standards can contribute to system operations:

>

>

standardization of information availability requirements to
support competition; currently, some purchasers have a
competitive advantage because of asymmetric information;

expanded and more frequent measurement and
communication of system conditions to system operators;

measurement and communication of transmission system
dynamic performance to system operators;

more frequent measurement and communication of
distributed generators’ output (aggregated) to system
operators;

dynamic control of distributed generation to maintain
system reliability and to access potential ancillary service
benefits;

measurement and communication to system operators of
ancillary services provided by generators (utility and
merchant plants) and customers (through onsite generation
or load curtailment); and

security requirements to maintain system integrity as the
market opens up and the number of players increases.

Measurement and standards will also be needed to support market

transactions by helping ensure interoperability among equipment

and systems provided by different vendors, by providing reliable

and precise information for contracts and dispute resolution, and by

developing pricing systems that reflect proper incentives. The
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following examples indicate where new and enhanced
measurements and standards can contribute to market operations:

» creation of a seamless electronic data interchange (EDI)
between metering and communication software and
equipment, so that retail market players can obtain the
various data they need when they need it;

» tracking of generator supply and power marketer/broker
curtailments to determine whether and when they supplied
generation/load relief or ancillary services to the system as
required by contracts;

» tracking/tagging of power flows to assign cost responsibility
for congestion on overloaded lines and constrained
interfaces;

» more precise measurement of standard billing parameters
(e.g., energy, demand, power factor) to support contracts;
and

» more precise measurement of power quality, especially
harmonics, flicker, sags, and surges to support contracts.

E.4 ECONOMIC IMPACTS
We conducted a survey of a sample of industry experts to

» identify key issues;
» identify key impact areas; and

» provide qualitative guidance on, and help develop

quantitative estimates of, the economic impacts of not
having adequate measurement and standards in place in a
fully deregulated environment.

Preliminary results were presented at the NIST workshop in

December 1999. We used feedback from conference participants

with additional information to refine the qualitative guidance and

the quantitative results.

Qualitative guidance provided by survey respondents includes the
following:

» Within the system operations area, outages are a major
concern, and enhanced measurement and standards can
have a major impact in this area.

» Within the market operations area, the cost of market
transactions is a major concern, and enhanced
measurements and standards can have a major impact in
this area.

ES-5
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We developed quantitative results for each of several important
impact areas. To develop these results, we conducted a “gap
analysis” (i.e., we estimated the performance gap between the
potential benefits under full deregulation and the constrained
benefits, that is, benefits in the absence of adequate measurements
and standards), relative to a base year cost metric. We used the
survey responses to develop each performance gap as a percentage
of its base year cost metric. Because of the variability in these
estimates, and the fact they are prospective rather than
retrospective, they are presented as ranges rather than as point
estimates.

The aggregate annual economic impacts range from $3.1 to $6.5
billion. This is a prospective annual estimate of not having
adequate measurement and standards in place to capture the full
benefits of electric deregulation.

Within this estimate, the impact of measurement and standards on
system reliability is the largest impact category, representing

35 percent of the upper-bound estimate. Power quality issues for
end users, average generation costs, and ancillary service costs
each account for approximately 20 percent of the upper-bound
estimate.

In summary, these estimates should be considered illustrative “first
cut” estimates of prospective economic impacts. They are based on
a survey of a limited number of electric industry experts early in the
industry deregulation process. Although the results are not highly
precise, the pattern of results within the system and market
operations areas are plausible and provide early guidance to
measurement and standards initiatives and investments.



This study examines
the broad set of
measurement and
standards needs of a
deregulated electric
power industry to
help inform NIST’s
decisions regarding
its role in meeting
these infrastructure
requirements.

Introduction

Deregulation of the electric power industry offers the potential of
improving the economic efficiency of the production and use of
electricity. However, achieving these gains in economic efficiency
will require developing an infrastructure that can address the
unique informational needs of an industry that is less centrally
coordinated than before and more subject to the discipline of
markets. This infrastructure includes new and improved
measurement technologies and standards for tracking economic
transactions in electricity markets and monitoring the performance
of the system for generating, transmitting, and distributing electric
power.

The industry includes a list of market players that are growing with
deregulation. An overview of the electric industry supply chain is
presented in Appendix A.

The National Institute of Standards and Technology’s (NIST’s)
mission is, in part, to provide these types of measurement and
standards technologies. Specifically, the Electricity Division of
NIST’s Electronic and Electrical Engineering Laboratory (EEEL) seeks
to “...provide the world’s most technically advanced and
fundamentally sound basis for all electrical measurements in the
United States by realizing the International System (SI) of electrical
units; developing improved measurement methods and calibration
services; and supporting the measurements and standards of
infrastructure needed by the U.S. industry to develop new products,
ensure quality, and compete economically in the world market”
(NIST, 1999).

1-1
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The study does not
provide a prediction
of the expected
course of
deregulation or the
future structure of
the electric power
industry.

This study examines the broad set of measurement and standards
needs of a deregulated electric power industry to help inform
NIST’s decisions regarding its role in meeting these infrastructure
requirements. It also identifies the types of expected improvements
in the economic efficiency in the production and use of electricity
with a deregulated system facilitated by this infrastructure. The
expedient provision of the required infrastructure is a prerequisite
for obtaining the economic efficiency improvements in a timely
manner. In the context of this study, deregulation refers to the
ongoing process of restructuring (or reregulation) of the wholesale
and retail electric power markets. In addition, where appropriate,
this study investigates evolving issues and needs not directly related
to deregulation, such as the ongoing trend of generation outpacing
transmission capacity growth and introduction of commercially
competitive distributed generation, where they impinge on the
infrastructure requirements of the industry.

The study does not provide a prediction of the expected course of
deregulation or the future structure of the electric power industry.
This topic has received significant attention in professional
literature and congressional and regulatory testimonies, and the
specific course of deregulation is still highly uncertain. We find,
however, that most of the measurement and standards needs to
support deregulation are generally independent of the eventual
industry structure. Key issues and concerns, such as commodity
measurement, transmission constraints, real-time communications
needs, and information sharing requirements, are common to a
wide range of potential deregulation outcomes.

1.1

1-2

OVERVIEW OF DEREGULATION

Beginning in the latter part of the 19th century and continuing for
about 100 years, the prevailing view of policymakers and the
public was that the government should use its power to require or
prescribe the economic behavior of industry, especially those
industries characterized as the “natural monopolies” such as
electric utilities. The traditional argument is that for such industries
it does not make economic sense for there to be more than one
supplier—running two sets of wires from generating facilities to end
users is more costly than one set. The predominant form of
industry organization for electricity was (and largely still is)
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The unwinding of
economic regulation
in the U.S. began in
earnest at the
federal level in the
1970s.

characterized by vertical integration and franchise service areas.
Single companies serving a specific geographic area delineated by
government generated, transmitted, and distributed the power,
largely in isolation from the rest of the industry. However, since
monopoly supply is not generally regarded as likely to provide a
socially optimal allocation of resources, regulation of rates and
other economic variables was seen as a necessary feature of the
system.

The unwinding of economic regulation in the U.S. began in earnest

at the federal level in the 1970s. For a number of reasons, the

public policy view shifted against traditional regulatory approaches

and in favor of deregulation for many important industries including

transportation, communications, finance, and energy. The major

drivers for deregulation of electric power included the following:

» existence of rate differentials across regions offering the

promise of benefits from more efficient use of existing
generation resources if the power can be transmitted across

larger geographic areas than was typical in the era of
industry regulation;

» promise of new, low-cost technologies for electricity
production;

» complexity of providing a regulated industry with the
incentives to make socially efficient investment choices;

» difficulty of providing a responsive regulatory process that
can quickly adjust rates and conditions of service in
response to changing technological and market conditions;
and

» complexity of monitoring utilities” cost of service and
establishing cost-based rates for various customer classes
that promote economic efficiency while at the same time
addressing equity concerns of regulatory commissions.

The 1978 Public Utility Regulatory Policy Act (PURPA) required
that utilities purchase power from independent suppliers, opening
up production to a potentially large number of such suppliers. The
Energy Policy Act of 1992 (EPAct) further opened the door to
competition among electricity generators by giving the Federal
Energy Regulatory Commission (FERC) the right to require any
utility to transship or “wheel” power supplied by another generator
over their lines to a third supplier. Pursuant to EPAct, FERC in 1996
implemented Orders 888 “Final Rule on Open Access

Nondiscriminatory Transmission” and 889 “Open Access Same-

1-3
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Customer choice of
generation suppliers
is now permitted in
California,
Massachusetts,
Pennsylvania, and
Rhode Island.

1.1.1

1-4

Time Information System (OASIS)” to increase access to
transmission systems and to operating information on these
systems. Various forms of independent system operators (ISOs),
regional transmission organizations (RTOs), functional unbundling,
and organizational structures are being considered (and
implemented) to enhance compliance with these Orders. The
North American Electric Reliability Council (NERC) is considering
changes in its structure, powers, and standards to help ensure
reliability of the bulk power electric system in the aftermath of
these Orders.

A few states have extended deregulation to the retail level.
Customer choice of generation suppliers is now permitted in
California, Massachusetts, Pennsylvania, and Rhode Island. Over a
dozen other states have committed to retail competition in the
future, and most other states are studying the possibility. While the
specific form of the electric power industry is still evolving and the
timetable for allowing retail competition will vary from state to
state, it is clear that the future will be characterized by greater
opportunities for consumers to select a supplier and for suppliers to
make the technological and marketing choices without
governmental oversight. A review of the status of retail
deregulation is included in Appendix B.

The potential benefits of a competitive market for electricity are
large. However, securing these benefits will not be costless.
Significant investments in information infrastructures will be
necessary.

Potential Benefits of Deregulation

The primary promise of deregulation of electric power is that it will
promote greater economic efficiency in electricity generation,
transmission, distribution, and use than will occur under a
regulated environment. The main sources of economic efficiency
gains commonly cited by proponents of deregulation include the
potential deregulation offers to

» lower (total) generation costs by facilitating the interregional
shipment of power (i.e., from low to high cost regions);

» stimulate investment in new low-cost generation and
transmission resources through the removal of barriers to
entry in generation and transmission; and
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» promote improved use of electricity by allowing rates that
more closely track the “true” cost of service and by the
development of more product differentiation, for example,
establishing markets for different levels of power reliability.

The potential benefits associated with deregulation are large
because the system is large and the economic inefficiencies are,
arguably, significant. The electric power industry represents
approximately 0.25 percent of the U.S.’s gross domestic product
(GDP). In 1998, the U.S. electric power industry had retail sales of
$217.4 billion. Thus, even small changes in economic efficiency
can lead to large economic impacts.

As shown in Table 1-1, generation accounts for approximately

75.6 percent of the retail cost of supplying electricity. Some industry
experts estimate that the average cost of generation could be reduced
by 5 percent (approximately $5 billion annually) through the more
efficient use of existing generation assets and the adoption of new
low-cost generation assets.

Table 1-1. Cost

Components of Supplying Cost Component Share of Cost
Electricity Generation 75.6%
Generation accounts for over
75 percent of the cost of Transmission 2.5%
supplying electricity.
Distribution 5.6%
Market Transactions? 16.3%

aMarket transactions include customer accounts expenses, customer service and
information expenses, sales expenses, and administration and general expenses.

Source: Energy Information Administration (EIA). 1997. Financial Statistics of
Major Investor Owned Utilities, 1996. Washington, DC: U.S. Department of
Energy.

Managing demand on the customer’s side of the meter by
leveraging demand price elasticity is also a potential source of
benefits associated with deregulation. As shown in Figure 1-1, the
spot price for electricity varies greatly depending on the day of the
week and time of day.

Traditionally, system capacity has been designed to meet peak
demand. And under asset-based compensation, regulated utilities
have had little incentive to engage in activities to “clip” peak

1-5
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Figure 1-1. Typical Fluctuations in the Spot Price of Electricity
The spot price of electricity varies greatly depending on the day of the week and time of day.
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1.1.2

demand.! In addition, prices did not reflect the true cost of
supplying energy during peak periods. Since customers did not see
prices that reflected the high cost of consuming during times of
peak demand they too had little incentive to “clip” peak demand.
Deregulation and real-time pricing have the potential to motivate
both suppliers and demanders to initiate programs (such as
curtailable load programs) to lower peak demand.

Potential Costs Associated With Deregulation

As opponents of deregulation point out, the benefits of deregulation
are not free. Potential costs associated with deregulation of electric
power include the following:

Demand-side management (DSM) programs were initiated in the 1980s and
1990s. These programs were mandated by regulators and primarily focused on
energy-efficient equipment. However, motivating electric utilities to pay their
customers to purchase less of their product introduced its own inefficiencies.
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Over the past 10
years, electricity
sales have increased
by 25 percent (in
kWh) while bulk
transmission
capacity has
increased by only

5 percent.

» increased transaction costs to support market transactions,

\/

increased bulk transmission requirements,

» increased monitoring costs to support system reliability and
power quality, and

» potential decreased in overall system reliability and power
quality.

Transaction costs include contracting, metering, communication,
and processing of information; billing; and dispute resolution. As
shown in Table 1-1, these costs currently account for approximately
11 percent of the cost of supplying electricity. Most industry
experts believe that the increased information needs associated
with deregulation will increase total transactions costs.

Most industry experts also believe that deregulation will lead to
increased bulk transmission requirements. Over the past 10 years,
electricity sales have increased by 25 percent (in kWh) while bulk
transmission capacity has increased by only 5 percent. This trend is
likely to continue as competitive generation markets and open
access increase the average distance electricity is transported.

Expanding the transmission system will have both pecuniary and
nonpecuniary costs. New transmission corridors cost
approximately $500,000/mile 500kv line. A 1 percent increase in
the capacity of the bulk transmission system would potentially cost
$735 billion. In addition, public opposition to new transmission
lines due to health concerns and the aesthetics of power lines has
grown considerably over the decades.

System reliability and power quality are also concerns associated
with deregulation. Reliable, high-quality electric power is one of
the primary cornerstones of the U.S. economy. In fact, lack of
reliability and power quality are frequently cited as the most
important factors limiting growth in underdeveloped countries.
Because of the U.S.’s dependence on (and expectations for) reliable
power, unexpected outages can be costly. It is estimated that
power outages currently lead to $29 billion (Hoffman, 1996) in
annual losses for U.S. industries. In addition, sales of backup
generation and power cleaning equipment exceeded $5.3 billion in
1998. Any degradation in reliability or power quality (real or
perceived) could significantly increase these costs.
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1.2

1.2.1

THE ROLE OF STANDARDS

Measurement and technology standards can play a role in helping
to realize the potential benefits of a deregulated electric utility
industry. This section presents the basic case for measurement
standards and discusses their characteristics as infratechnologies.

The Justification for Measurement and Technology
Standards in Industry

The basic rationale for measurement and technology standards in
industries of any type are presented by Tassey (1997). He identifies
four general areas where these standards can make a positive
contribution to the economic performance of industries:

» Quality/Reliability. Standards are developed to specify an
acceptable level of product or service performance along
one or more dimensions such as functional levels,
performance variation, service lifetime, efficiency, safety,
and environmental impact. Thus, standards can help to
avoid “sham” products or transactions, verify performance
and delivery, and assure the credibility of offerings by new
entrants to the industry.

» Information. Standards help provide evaluated scientific
and engineering information in the form of publications,
electronic databases, terminology, and test and
measurement methods for describing, quantifying, and
evaluating product attributes (e.g., verification of
performance claims, thereby reducing disputes and market
transactions costs and increasing market penetration).

» Compatibility/Interoperability. Standards specify properties
that a product must have to work (physically or functionally)
with complementary products within a product or service
system. They provide a standard interface (i.e., interface
standard) between components of a larger system, and they
“open” systems technologies and allow multiple proprietary
component designs to coexist. Optimization can still occur,
but the cost of modifying physical and functional interfaces
to allow components from different vendors to work
together (i.e., to “interoperate”) can be prohibitive. Full
functionality is often not obtained by reengineering
proprietary (nonstandard) interfaces. Integrated, “turnkey”
systems offered by large companies may not be tailored for
a user’s particular needs, competitor’'s components may be
superior, and there may be viable price competition for
replacement of components. Standards can lead to effective
integration of components and true compatibility of
components in open systems.
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1.2.2

Measurement and

standards to support

the deregulation of
the electric power
industry cover a
broad range of
technologies,
procedures, and
protocols.

Most of the
measurement and
standards can be
viewed as
infratechnologies.

» Variety Reduction. Standards limit a product to a certain
range or number of characteristics, such as size or quality
levels, primarily to attain economies of scale. Variety
reduction goes beyond selecting certain physical
dimensions of a product for standardization and now is
commonly applied to nonphysical attributes, such as data
formats, and to combined physical and nonfunctional
attributes, such as computer architectures and peripheral
interfaces. Standardization can either enhance or inhibit
innovation. It can inhibit it when capital intensiveness
grows as economies of scale are realized, which can
exclude small, innovative firms from entry.

A standard can be specified in terms of design or performance
levels. Design-based standards are more restrictive, so
performance-based standards are generally more cost-effective.
This distinction is especially important as the electric power
industry goes through deregulation. Design-based standards that
were effective in a regulated environment may be ineffective or
overly restrictive in the new deregulated environment.

Measurement and Standards as Infratechnologies

Measurement and standards to support the deregulation of the
electric power industry cover a broad range of technologies,
procedures, and protocols. Measurement of commodities and
system parameters is a prerequisite to establishing competitive
markets and to ensuring reliable system operation when resources
are separated from operating control. Measurement capabilities
form the building blocks for standards, which in term support
efficient R&D, production, and market activities.

Most of the measurement and standards can be viewed as
infratechnologies. Infratechnologies are technical tools, including
scientific and engineering data, measurement and test methods, and
practices and techniques that are widely used in industry (Tassey,
1997). Infratechnologies play an important role in several stages of
the economy.

» Infratechnologies improve the efficiency of research and
development (R&D). Infratechnologies can stimulate R&D,
improve the efficiency of R&D, and advance society’s
technological opportunities. Measurement technologies,
test methods, technical standards, and standard practices
allow researchers to conduct and discuss R&D using
terminology and measurement methods and metrics that are
understood by their colleagues and that allow for the
replication and verification of research results.
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NIST responds to
market failures in
the provision of
infratechnologies by
investing public
funds in
infratechnologies
when private
funding is
inadequate to meet
important strategic
technical goals.
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» Infratechnologies support the production process and can
enhance product characteristics. Infratechnologies can
improve the efficiency of the production process and the
characteristics of a product by providing tools for quality
assurance and real-time process control.

» Infratechnologies promote technology adoption and reduce
market transactions costs. Infratechnologies can increase
the speed of market penetration by providing a language for
communicating the characteristics and quality of a new
product, process, or service.

To varying degrees, infratechnologies have the characteristics of a
public good. Such goods, unlike private goods, are characterized
by consumption nonrivalry and by high costs of exclusion.
Rationing of such goods is undesirable because the consumption of
a public good does not impose costs on society since it does not
reduce the amount of the good available to others. Further, the
costs of excluding those who do not pay for the infratechnologies
are likely to be high because they are typically embodied in
products and processes (techniques), rather than in products that
can be sold.2 As a result of these characteristics, public goods are
typically underprovided by private markets as compared to their
socially optimal levels of provision (Stiglitz, 1988). The private
sector might also underinvest in infratechnologies because its
technology base is different from the core technology that industry
draws on to develop its product or processes (Tassey, 1997).

NIST responds to market failures in the provision of infratechnologies
by investing public funds in infratechnologies when private funding is
inadequate to meet important strategic technical goals. The
measurement technologies and standards NIST develops for the
electric utility industry benefit the entire electric power supply chain
as well as the consumers of electric power.

However, the scope of this study is not limited to NIST’s potential
roles for supporting deregulation. This study identifies the broad
range of measurement and standard needs to support deregulation
of the electric power industry, acknowledging that many private
sector, trade organizations, and other government organizations

2In contrast, a regulated (or publicly owned) transmission system is not a true
public good. Access to the system can be easily controlled and capacity limits
and congestion effects mean that consumption of transmission resources
imposes costs on other users.
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will be involved in developing and implementing these
measurement technologies and standards.

1.3

STUDY OVERVIEW

This study assesses the measurement and standards infrastructure
needs of a deregulated electric power industry. It also provides
estimates of the economic impact of the failure to provide this
infrastructure. Such a failure implies that society will forego some
of the potential benefits of a deregulated electric power industry
because all of the potential gains in economic efficiency will not be
realized. The intent of this study is not to assess all of the benefits
and costs associated with deregulation. This study focuses only on
the area where measurement and standards can potentially increase
benefits or decrease costs.

Specific areas of interest include, but are not limited to,
measurement and standards to support

» competitive metering for suppliers and consumers, energy,
and ancillary services;

bulk power transactions and monitoring;
reliable transmission and distribution of electric power;
communications and control technologies;

advanced diagnostics;

YYVYVYYy

power quality; and

» distributed generation.

To identify and quantify the changing measurement and standards
needs of the electric power industry, we conducted three stages of
primary data collection with approximately 40 industry experts:

» Scoping interviews were used to investigate the evolving
structure of the U.S. electric power industry and to identify
potential areas where measurement and standards will play
important roles.

» Detailed topic interviews were used to assess the
importance of measurement and standards on specific areas
identified during the scoping interviews. These areas
included, but were not limited to, efficient provision of
generation and ancillary services, systems operation,
wholesale market transactions, and retail market
transactions.
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» Quantitative surveys were used to develop inputs to the
economic impact analysis. Attendees at NIST’s conference
on measurement and standards needs to support a
deregulated electric power industry were asked to provide
their estimates of the impact of measurement and standards
on several impact areas.

Appendix C contains the interview guide and survey questionnaire

used to support the primary data collection activities. Table 1-2

contains a list of the survey respondents’ company or

organizational affiliation. The identity of individual contacts has

been suppressed for confidentiality.

Table 1-2. Companies/Affiliations of Respondents
Telephone interviews with industry experts were the main source of primary data for the quantitative and qualitative

analyses.

ABB Electric Metering

California RTO

Carolina Power and Light
Commonwealth Edison

Detroit Edison

Duke Power Company

Electrotek

ENRON

Hypertek

National Regulatory Research Institute
North American Electric Reliability Council

North Carolina Electric Membership Corporation

Northern States Power

Paradigm Consulting

PJM Interconnection

Radian Research

Salt River Project

Southern Company

Square D/Schneider Electric

Tampa Electric

University of Wisconsin, Electrical Engineering Department
Utility Translation Systems

Wisconsin Public Service

Note: The number companies/affiliations listed in the table is less than 20 because, for some companies, more than one
person was interviewed, and several respondents returned their surveys anonymously at the NIST conference on

measurement and standards.

Findings from the scoping interviews and detailed topic interviews

were used to support the discussion of measurement and standard

needs in Section 4. The quantitative surveys were used to support

the estimation of economic impacts described in Section 5.

Appendix D contains an overview of the findings from the

interviews and surveys.
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In addition to primary data, we also used secondary data to support
the analysis. Secondary data were collected from trade
publications, professional journals, and statistical resources.

1.4

REPORT STRUCTURE

The remainder of the report is structured as follows. Section 2
contains a conceptual overview of the economic implications of
deregulation and how the measurement and standards
infrastructure influences economic efficiency. An overview of
deregulation trends and implications is presented in Section 3.
Section 4 presents a discussion of measurement needs and
standards needs, respectively, to support deregulation. We present
the economic impacts of failing to expeditiously provide the
measurement and standards infrastructure in Section 5.

Appendix A describes existing activities and emerging participants
in the electric power supply chain. Appendix B provides
background on deregulation and notes some trends. The interview
guide and survey questionnaire used to support the primary data
collection activities and the development of quantitative results are
presented in Appendix C. Appendix D summarizes the findings
from the interviews. Appendix E describes the calculation of event
cost metrics.
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Economic efficiency
refers to supplying
end users’ electric
power needs at the

lowest cost of
production.

Conceptual Model of
Deregulation and the
Impact of
Measurement and
Standards

Industry restructuring is targeted at increasing the economic
efficiency of the electric power system. In this context, economic
efficiency refers to supplying end users’ electric power needs at the
lowest cost of production (including traditional generation,
transmission, and distribution expenditures and market and system
expenditures to support competition). This section presents a
conceptual overview of the economic implications of deregulation
and illustrates how measurement and standards influence economic
efficiency and power reliability and quality.

2.1

ECONOMIC EFFICIENCY VIEWED AS AN
OPTIMIZATION PROBLEM

The problem of efficiently generating and moving electricity from a
set of producers to a set of consumers can be modeled as an
optimization problem. Figure 2-1 shows the problem as a matrix
with generators on the horizontal axis and consumers (electricity
end users) on the vertical axis.!

TOne conceptual approach to determining the optional set of transactions is to use
a linear programming (LP) model in which the equation in the LP system would
relate producers to consumers and identify the cost of production and the cost
causality of moving electricity from producers to consumers. The equations
would also identify other system constraints, such as regulatory issues and
physical limits on the transmission system.

2-1
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Figure 2-1. Regulated Model

In a regulated scenario, regional monopolies select generation and transmission resources to optimize their individual,
constrained regional model.

Consumers of Electricity

Electricity Producers

Region A Region B Region X
f { | { P

Region

Region

Region
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In an unconstrained competitive model, region boundaries would
have no influence on the optimal transactions and grid structure,
except for geographic constraints and the physical considerations of
transmission costs and losses.

However, in the past, regulated regions have been viewed as
natural monopolies, and each regulated region solved its own
separate optimization problem. The boxes in Figure 2-1 reflect the
boundaries of traditional regulated utilities that limit the possible
number of power exchanges between producers and consumers.
Thus, each region in effect selected its own generation,
transmission, and distribution assets (including monitoring and
communication assets to support system operations) to minimize
the cost of supplying electricity to the consumers in its region. In
the long run, a region’s physical assets could be considered
endogenous to the optimization problem. In this report, the
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conceptual model illustrated in Figure 2-1 is referred to as a
regulated model.

Now, with deregulation, the objective is to restructure the electric
power system to gain efficiencies from expanding transactions
beyond a series of regional optimization models to a single
(national or North American) optimization model. As shown in
Figure 2-2, with deregulation consumers in Region A can receive
power from producers outside of Region A (where the x’s represent
transactions). In effect, we have relaxed the model’s constraints by
allowing “off diagonal” transactions. In the long run, generation
and transmission assets will be selected so that the optimal grid
minimizes the cost of electricity for consumers.2 This scenario is
referred to as the competitive model.

Figure 2-2. Competitive Model
In an unconstrained competitive scenario, the optimal allocation of generation and transmission resources is different
(compared to a regulated monopoly scenario) because transactions between regions are possible.

Electricity Consumers

Electricity Producers
Region A Region B Region X
} ; ; { ............... }—{
Region X X X
A X
] X
Region
B | X X X
X
Region X
X x *
X

2An unregulated competitive scenario may also lead to competition between

generators within a region. A regulated utility’s region may have included
several control areas that may have had little interconnection.
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However, in the short run, generation and transmission assets are
largely fixed, and the least-cost solution is obtained relative to these
constraints. This conceptual model is referred to as the constrained
national model. Conceptually, the constrained competitive model
must be as least as efficient as the regulated (local monopoly)
model.3 In addition, the constrained competitive model will
probably be less efficient than the (unconstrained) competitive
model because of the short-run constraints on modifying generation
and transmission assets.

2.2

Deregulation may lead to
the supply of electric power
at different reliability and
power quality levels.

2-4

TRADE-OFF BETWEEN COST AND QUALITY

An important dimension missing in the simple optimization problem
described above is that electric power need not be supplied as a
homogeneous commodity. In general, electric power service can
vary with respect to its overall quality that includes all the
nonpecuniary characteristics of electricity of importance to the
consumer. Foremost among these characteristics are power reliability
and power quality.4

There is potentially a trade-off between the cost of power supply and
its reliability and power quality. For example, in the extreme,
redundant transmission systems could be built and high generation
reserve margins maintained to support power reliability. Other
examples are the choices system planners face regarding how much
to invest in real-time communications to monitor transmission
system, flexible alternating current transmission system (FACTS) to
control power flow, fault trips to limit cascading outages, and
capacitor banks to maintain power quality. Increased use of these
devices can increase the level of quality; however, they are costly.

Figure 2-3 illustrates the tradeoff between the cost of delivered power
and reliability: higher reliability costs more. All points on the curve
represent the best-practices or efficient frontier. Thus, they are all
efficient in the narrow sense that each point represents the minimum
cost at which a given level of quality can currently be achieved. Any
point above the frontier is inefficient, and points below it are
unattainable with present technology and market structure.

3Under the constrained national model, all consumers can still choose to purchase
power from their regional producers as before.

4The combination of the two desirable attributes is often referred to as “clean”
power.
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Figure 2-3. Trade-off

between the Electric Cost O.f

Power Price and Power Electricity

Reliability Service Efficiency
The efficiency frontier High Frontier

represents the least-cost of
producing a given level of
power reliability.

Quality of
Electricity
Low High Service

Low

Figure 2-4 shows the indifference map for a single consumer. It
represents the preferences of the consumer between power price
and reliability. The consumer’s economic well-being or “utility” is
constant along each curve: higher numbered curves have higher
levels of utility. The point, (A), where the consumer’s utility curve
and the efficiency frontier are tangent represents the cost/quality
combination with the highest possible utility given the present
technology and market structure embedded in the efficiency
frontier.

It has been argued that utilities compensated under a rate-based
rate of return structure may have the incentive to overinvest in
capital assets (this has been referred to as gold plating or the
Averch-Johnson effect). As a result, historically, utilities have had
incentives to invest in capital assets to maintain reliability—
potentially beyond the point that is economically efficient from a
social planner’s perspective. For example, they may be operating
at point B in Figure 2-4. With deregulation suppliers are expected
to conduct an explicit assessment of the trade-off between the cost
and quality of electricity service.

This type of evaluation between the investments to enhance
reliability or lower cost has already begun. For example, the
California regional transmission organizations (RTO) proposes to
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Figure 2-4. Consumer
Indifference Map
between Electric Power
Price and Reliability

Each curve represents the focus
of price-reliability values that
provide a given level of
consumer welfare or “utility.”
Higher numbered curves have
higher utility levels.

Efficiency
Cost/Price of Frontier
Electricity
Service
High
B
A

Y U, U Quality of

o Electricity
Low High  Service

Restated, without
adequate
measurement and
standards, the full
shift in the
efficiency frontier
envisioned for
deregulation may
not be realized.
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evaluate what would increase the utility of their customers the
most: investments targeted at lowering the cost of electricity
service or investments that are targeted at improving reliability and
power quality (CASO, White Paper #2).

As mentioned earlier, the efficiency frontier is a function of the
present state of technology and market structure. One of the
objectives of deregulation (i.e., a change in market structure) is to
shift the efficiency frontier to the lower right, thereby increasing the
possible utility of electricity consumers. As shown in Figure 2-5,
shifting the efficiency frontier to the lower right allows the provision
of a given level of quality at a lower cost (A1). Alternatively, quality
could be increased at the same cost (A5), or a combination of low
cost and increased quality could be obtained (A3). The shape of the
consumer’s utility curves would determine which cost/quality
selection would maximize consumer’s utility.

Measurement and standards have the potential to contribute to the
outward shift of the efficiency frontier. Restated, without adequate
measurement and standards, the full shift in the efficiency frontier
envisioned for deregulation may not be realized. Figure 2-6
illustrates the potential impact of measurements and standards. For
example, without adequate measurement and standards, additional
costs may be needed to maintain the reliability and power quality
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Figure 2-5. Shift in the

Efficiency Frontier due to Cost of Efficiency Frontier
Deregulation Electricity Shift due to Deregulation
One of the objectives of Service

deregulation is to shift the High
efficiency frontier, lowering cost
and/or increasing the quality of
electricity service.

lity of
Low Qua Y
° Electricity
Low High Service
Figure 2-6. The Role of
Measurement and Cost of Deregulation without
Standards Electricity Measurements and
Without measurement and Service / Standards
standards, the full benefits of High Deregulation with
de}:ggulz;tlon may not be Measurements and
achieved. Standards
Quality of
Low Electricity
Low High Service

of the system (By). Or, without adequate measurement and
standards, the quality of electricity service may decrease given
available resources/costs (By). Changes in system costs and
electricity service quality associated with inadequate measurement
and standards are the focus of the quantitative analysis presented in
Section 5.
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2.3

Measurement and
standards are needed to
support the infrastructure
necessary for product
differentiation in the
electric power market.

ECONOMIC EFFICIENCY AND PRODUCT
DIFFERENTIATION

An additional role of measurement and standards may be to
facilitate the differentiation of electric power by providing the
infrastructure necessary for product differentiation.> In this context,
product differentiation refers to the ability of electricity service
providers to supply electricity with different levels of reliability or
power quality to different groups of customers.

Figure 2-7 conceptually illustrates the potential benefits associated
with product differentiation. Figure 2-7 shows two consumers:
Consumer A has a relatively low value for power electricity service
quality and Consumer B prefers a high level of quality. Under a
traditionally regulated industry, electricity service is supplied at
only one level of quality (within a service region) because the utility
does not have the incentive to differentiate its product. This
reliability level shown is “average” or Q1. Consumer A’s well-
being is U?, B’s is U?. Under deregulation, different (or the same)
suppliers may offer two levels of reliability, Q/; and Qg, with the
result that each consumer is on a higher indifference curve. Social
welfare (the sum of the two utility levels) has risen.
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2.4

TECHNICAL AND MARKET INFORMATION
NEEDS TO SUPPORT A DEREGULATED
INDUSTRY

As part of this project, we investigated the technical and market
information needs to support a deregulated electric power industry.
This distinction between technical and market information is
important because the characteristics of the information needs and
the impact on economic efficiency and clean power (of not meeting
these needs) are generally different.

5Measurement and standards also have the potential to increase the economic
efficiency of the unconstrained competitive model. However, the focus of this
report is on the impact of measurement and standards on a restructured industry
and implies a relatively short time horizon (10 to 20 years) where most of the
generation and transmission assets are inherited from the previous regulated
monopoly model.
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Figure 2-7. Product Offerings under Regulation and Deregulation
With deregulation electric power suppliers may find it profitable to differentiate their product. This would raise

consumer welfare.

Price of
Electricity

Power

Reliability

Figure 2-8 illustrates the distinction between these two categories of
information using two separate parallel planes of operation:

systems operations and market operations. Information flows have
historically been concentrated within each plane with minimal
interchange of technical information and market information.
However, with deregulation significantly more information will
need to be exchanged between the two planes. Increasingly market
forces will drive system operations, and more technical information
will be needed to support market operations.

As an example of how information may flow between the two
planes in Figure 2-8, consider the following:

» In the initial step, data on generating and transmission
system resources (e.g., their availability, capability,
operating levels, and incremental operating costs) and on
forecasts of load and energy from the top plane may be
shared with selected market players in the lower plane. In
the process, information from different sources and regions
will need to be aggregated, processed, and routed to
selected market players.
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Figure 2-8. Information Needs for System and Market Operations
Traditionally there has been limited interaction between system and market operations. However, with deregulation the
information flows between the two planes will increase substantially.
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_____ Information Flow
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» These market players will bid generation resources,
curtailable load resources, and ancillary services into the
market. These data flow from the market players in the
lower plane to the system coordinator in the top plane (or to
a separate power exchange, as in California).

» The system coordinator (or power exchange) in the top
plane will select the preferred resources and services. The
system coordinator will then schedule (sometimes with the
aid of scheduling subcontractors) and dispatch generation
and curtailable load resources to meet (or reduce) demand
and dispatch ancillary services to augment basic
transmission service.

» Data on generation and curtailable load dispatched,
ancillary services used, and customer load and energy use
will flow from the top plane to market players in the lower
plane, where it will be incorporated into bills they render to
other market players. These other market players will
include the system coordinator and local distribution
companies and may include bilateral contract wholesale
market customers and bilateral contract retail market
customers.

Telephone interviews were used to investigate the technical
information needed to support deregulation. Technical information
primarily supports the physical operation of the electric power
system. It supports both economic efficiency and clean power.
The distinguishing characteristics of technical information are the
importance of real-time data transfer and communication
reliability. To maintain reliability, system coordinators need to be
able to monitor inflows and outflows from the grid, as well as
conditions throughout the system. Operating conditions must be
measured, transmitted, and processed and then responses
dispatched all in real time to maintain system stability. In the
future, real-time state information on system operations may be
used to support market functions such as estimating cost causality
of bulk transaction on the transmission system. Some of the
technical information flows to support system operations identified
during the telephone interviews are the following:

» monitoring and control of generation and ancillary services
(standards and communications protocols are needed),

» real-time monitoring and control of transmission system
(capacity utilization measurements/standards and dynamic
state analysis are needed), and

» real-time communications links to end users to support
demand-side management activities (standards and
communications protocols are needed).
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Because of the large
number of end-user
meter reads,
interoperability and
processing costs are
important issues for
supporting
deregulation.
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We also used the telephone interviews to investigate market
information needed to support deregulation. Market information
primarily supports the pricing and billing of the electric power
system and is used for forecasting and dispatch of generation and
ancillary services. Key characteristics are that information is
recorded at regular intervals (hourly) and communicated
periodically (daily) to central processing centers. In addition,
information reflecting the value/price for energy and ancillary
services needs to be communicated back to suppliers hourly (at
least) to get response. Because of the large number of end-user
meter reads, interoperability and processing costs are important
issues for supporting deregulation. In addition, usage data are
proprietary (and valuable); thus, security will be an important issue.
Some of the market information flows that we investigated are the
following:

» measurement of generation and ancillary services supplied
(cannot sell what cannot be measured);

» measurement of transmission costs (transmission causality
models are needed);

» end-use consumption metering (standards needed to lower
cost);

» communication, aggregation, and redistribution systems
(common protocols and standards needed to lower costs);
and

» special information needs to support the growth in the
number of players and to lower market barriers to entry.
As part of our interviews, we developed a detailed characterization
of the technical and market information flows required to support a
deregulated electric power industry. We also qualitatively
described the measurement and standards needs required to
support the efficiency and reliability of each information flow.



Future Implications
of Deregulation for
the Electric Power
Industry

This section provides an overview of the changing characteristics
and needs of the electric power industry as a result of deregulation.
We identify the emerging information, technology, and resource
needs that will be necessary to effectively manage a deregulated
power industry. From this backdrop of emerging needs, Section 4
and Section 5 discuss the roles measurement and standards may
play in meeting these needs.

3.1

Regardless of the
eventual evolution
of the industry
structure, most of
the physical
characteristics and
needs of the
deregulated industry
will be the same.

DEREGULATION TRENDS AND THE
CHANGING CHARACTERISTICS OF THE
ELECTRIC POWER INDUSTRY

Restructuring of the electric power industry could result in any one
of several possible market structures. In fact, different parts of the
country will probably use different structures, as the present trend
indicates. The eventual structure may be dominated by a power
exchange, bilateral contracts, or a combination. A strong Regional
Transmission Organization (RTO) or a minimal RTO may operate in
the area, or a vertically integrated utility may continue to operate a
control area.

However, regardless of the eventual evolution of the industry
structure, most of the physical characteristics and needs of the
deregulated industry will be the same. The metering,
communications, and control requirements of a restructured
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3-2

electric power industry are primarily being driven by the
fundamental change of increasing reliance on markets and
contracts and decreasing reliance on regulation and vertical
integration. These fundamental changes are common to almost all
potential restructuring scenarios. Similarly, the need to extract
more performance from the transmission system is related to the
difficulty of constructing transmission, and increasing commercial
pressure to use transmission, not necessarily to the specifics of how
industry restructuring moves forward. As a result, the general need
to advance metering and monitoring technology seems to be
broadly based on national requirements that are not sensitive to the
specific details of restructuring implementation.

In general, deregulation will lead to changes in several important
industry characteristics:

» Commercial provision of generation-based services (e.g.,
energy, regulation, load following, voltage control,
contingency reserves, backup supply) will replace regulated
service provision. This drastically changes how the service
provider is assessed.

» Individual transactions will replace aggregated supply
meeting aggregated demand. It will be necessary to
continuously assess each individual’s performance.

» Services will be unbundled. It will be necessary to
separately evaluate each type of transaction.

» Time frames will shorten. New services will be measured
over seconds and minutes instead of hours.

» Transaction sizes will shrink. Instead of dealing only in
hundreds and thousands of MW, it will be necessary to
accommodate transactions of a few MW and less.

» Supply flexibility will greatly increase. Instead of services
coming from a fixed fleet of generators, service provision
will change dynamically among many potential suppliers as
market conditions change.

» Greater and greater performance will be required from
existing transmission resources. Transmission will be
increasingly difficult to build, planning transmission
enhancements will slow even further, but commercial
pressure will demand that existing resources be used to the
fullest.
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3.1.1

Deregulation will likely
lead to a separation of
resources from system
operations. This shifts the
emphasis away from system
performance and toward
individual unit or market
participant performance.

All of these changes have important implications for data
collection, communications, and control requirements.
Fundamentally, they result in three basic needs:

» faster, more accurate, and cheaper metering to
accommodate commercial transactions (revenue metering)
that are smaller in MW size; require faster services
(including dynamic response); and come from a much
larger group of resources (generators and loads)

» real-time data acquisition, communications, and control
capabilities to support market-based systems operations
where price signals replace command-and-control
operations

» real-time data acquisition, communications, and control
capabilities to extract as much performance as possible
from transmission and distribution facilities

If these needs cannot be met, deregulation of the electric power
industry will be severely hampered.

Separation of Resources and System Operations

One of the most important implications of deregulation is that it
will lead to separation of resources from system operations. With
this separation emerges the need to evaluate the performance of the
individual components of the power system.

State regulators have historically judged the overall performance of
each vertically integrated monopoly utility. In the regulated
framework, all components of the system worked together and were
compensated based on the overall performance of the system.
Regulators could reward or punish utilities by controlling the rates
the utilities were allowed to charge. While the assessment certainly
had (and has) quantitative parts and often focused on individual
areas of performance (e.g., assessing if an investment was “used
and useful”), the judgment was always on a fairly large scale and
largely subjective. Thus, in the regulated framework, the emphasis
is on the performance of the fleet of resources, and individual
performance is only important in how it affects the aggregate
objective.

With deregulation, the emphasis shifts to individual performance.
Previously suppressed (internalized) pricing systems now must be
formalized to support market transactions. In addition, formal
contracts are now needed to specify what is expected and the
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payment associated with the individual providing the agreed-upon
services, as well as payments associated with providing
unanticipated services. Under deregulation, individual units will
no longer be willing to sacrifice themselves for “the good of the
system” without compensation.

One of the main benefits of vertically integrated organizations is
that they reduce transaction costs by internalizing prices and
centralizing control. Transaction costs to support market operations
will be one of the greatest costs associated with deregulation. In
general, there are three types of transaction costs: information
costs, contracting costs, and enforcement costs. Any transaction
requires knowledge about the opportunities for exchange, the
nature of the items to be exchanged, and the willingness of the
participants to engage in a bargaining process. This information is
not costless and the lack of information can prevent certain
exchanges from ever occurring (Bromey, 1991).

The challenge for a deregulated electric power system that has
separated system control and resources will be to establish a
pricing and enforcement system that signals the correct incentives
to individual system components. This will be important both in
the efficient operation of existing assets and in attracting investment
in new generation and transmission resources.

3-4

3.2

3.2.1

ENABLING TECHNOLOGIES

Deregulation would not be possible without a broad range of
enabling technologies to support the increased demand for
monitoring, metering, communications, and control. Significant
technology advances have been made within and outside the
electric power industry. In addition, many technical areas were
identified during our interviews where additional research is
needed.

Enabling Technology Advances

Many of the technologies that make deregulation possible have
been developed outside the electric power industry and represent
spillover benefits. Examples of these technologies include the
following:
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Many of the
technologies that
make deregulation
possible have been
developed outside
the electric power
industry and
represent spillover
benefits.

3.2.2

» Advances in microprocessor performance and costs will
support the monitoring, transfer, and processing of
information.

» Electronic data interchange (EDI) technologies and
standards provide a potential building block to support
retail competition. However, consistency between regional
EDI systems is an ongoing concern.

» Data management and storage system technologies are
developed to support a wide range of commercial
applications and are essential to implementing retail
competition.

» Advances in wireless technologies will support the
implementation of automated meter reading (ARM) systems.

» Expanded Internet access and high-speed data links will
support communications needs for competitive generation
and retail competition.

Infratechnologies Where Additional Research is
Needed

During our interviews, industry experts indicated many areas where
technology advances will be needed to support deregulation.

Many of these areas include infratechnologies that are needed to
support system and market functions. The identified needs range
from instances where available technologies are inadequate to
instances where technologies exist but are too costly for widespread
implementation:

» Security technologies have not yet matured in the electric
power industry. Security issues will be come increasingly
important with the increase in the number and diversity of
market participants at all levels of the supply chain.

» Dynamic state monitoring systems have the potential to
increase transmission system capacity and support power
system reliability.

» Improvements in cost causality models for bulk transmission
are needed for efficient pricing of transmission services.

» Models and monitoring systems to determine thermal limits
for transmission lines have the potential to increase
transmission system capacity and support power reliability.

» Models are needed to predict voltage instabilities and
voltage collapse. Existing real-time causality models are
inadequate.
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» Technologies to support equipment cost reductions are
needed for widespread implementation of advanced
metering.

» Advances to reduce the cost of flexible AC transmission
(FACTS) are needed. FACTS will potentially be an integral
tool supporting control and reliability of the bulk
transmission system. However, additional research is
needed to reduce the cost before widespread
implementation is economically feasible.

» Technology enhancements for phase angle metering are
needed to improve accuracy and lower cost.

» Transaction management systems are needed to reduce
operator work load and reduce mistakes.

» Data synchronization techniques are required to eliminate
problems caused by data collected from different parts of
the system arriving at the control center at different times,
resulting in an inconsistent view of the power systems.

» Instrumentation for early detection of cable failures is
needed along with technology and real-time control
capabilities to prevent cascading failures once cable failures
are identified.

3.2.3 Infratechnologies that Will Enable New Products and
Services
Research and development within the electric power industry is
being driven by the need for technology advances to support the
ongoing deregulation process. However, new technology advances
and the implementation of information systems will enable new
products and services not originally foreseen. As with the evolution
of the Internet where “technology push” led to development of new
applications, the technology advances and information
infrastructures driven by deregulation of the electric power industry
will lead to new, spin-off market opportunities:

» More accurate and widespread metering will allow loads to
be price-responsive enabling services targeted at managing
demand-side usage. From the suppliers’ perspective, this
tool is valuable to manage generation and transmission
growth. Whereas a limited number of voluntary curtailment
programs currently exist, it is estimated that up to a 2
percent reduction in peak demand could be obtained
through widespread use of load control programs.

» More accurate and widespread metering will also enable
products and services targeted for end users to more
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efficiently manage electricity consumption. Detailed end-
use usage profiles will become available for smaller
commercial and industrial and residential customers, along
with the technology to control individual loads.

» ARM for electric and gas services may merge, accelerating
the development of integrated energy service providers.

» Path-dependent models and tagging technology may help
stimulate the market for green power.

3.3

KEY ISSUES RELATED TO RESTRUCTURING
THE ELECTRIC POWER INDUSTRY

Viewed from one perspective, not much changes in the electric
industry with restructuring. The same functions are being
performed, essentially the same resources are being used, and in a
broad sense the same reliability criteria are being met. In other
ways, the very nature of restructuring, the harnessing of competitive
forces to perform a previously regulated function, changes almost
everything. Each provider and each function become separate
competitive entities that must be judged on their own.
Measurement and quantification become critical to buying and
selling power.

Several technical issues will need to be addressed as deregulation
progresses. Measurement and standards will play an important role
in developing the infratechnologies needed to meet the challenges
associated with restructuring. Areas where measurement and
standards will be important include

» increased transmission demand,
service quantification,
reliability criteria,
real-time electric pricing,
unbundling of ancillary services,

reduced generator and transaction sizes,

YYVYYVYYVYY

power quality, and

» supplier choice.

These issues are discussed below.
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3.3.1

Deregulation will lead to
increased pressure to
extract more performance
from existing transmission
assets.

Transmission expansion has
not kept pace with load
and generation growth.
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Increased Transmission Demand

The move to market-based provision of generation services is not
matched on the transmission and distribution side. Network
interactions on AC transmission systems make it impossible to have
separate transmission paths compete.! Hence, transmission and
distribution will remain regulated. Transmission and generation
heavily interact, however, and transmission congestion can prevent
specific generation from getting to market. Transmission expansion
planning becomes an open process with many interested parties.
This open process, coupled with frequent public opposition to
transmission expansion, slows transmission enhancement. The net
result is greatly increased pressure to extract more and more
performance from each transmission asset. For-profit RTOs may
flourish, but they will be profit-motivated organizations under
incentive-based regulation. The performance pressure on
transmission is therefore different, but no less than the pressure on
generation. More is being demanded from the transmission system
now than ever before. And this trend is expected to continue.
Transactions are going longer distances, in less predictable ways.
System operators used to be able to restrict transactions to those
that were studied ahead of time or that respected expected future
trends. Now transactions are accepted as they are presented by the
market.

Transmission is not expanding at the rate generation and load are
expanding. The North American Electric Reliability Council
(NERC) reports a 16 percent decline in the number of miles of
transmission lines per MW of summer demand from 1989 to 1997.
NERC expects an additional 13 percent decline by 2007 (NERC,
1998).

Transmission expansion is not keeping up with load and generation
for three reasons. First, it is hard (and has been for some time) to
build transmission for environmental and political reasons. Second,
the nature of AC transmission (the network interactions, lack of
control, the fact that enhancements often eliminate the locational
price signals that are needed to generate revenue) makes it difficult
to attract private investment. Consequently, transmission remains

TWidespread use of FACTS and DC links would make this possible, but they are
currently too expensive for widespread use.
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regulated and cannot attract speculative capital. Third,
transmission is capital-intensive, long lived, with low operating
costs. It can be amortized over decades. It is difficult to change
the transmission system rapidly to respond to fast changes in
generation, load, and trading patterns that can result as relative fuel
costs change, populations and commercial enterprises move, or the
economy shifts.

There is also an interesting divergence in the time required to plan
and deploy transmission and generation enhancements.
Technological changes (the trend to smaller, gas-fired generators)
and the privatization of the investment process are accelerating
generation deployment schedules. Simultaneously, transmission
enhancement deployment schedules are being slowed because the
processes are becoming more public and more contentious and
because of land use concerns. The problem compounds because
transmission planners are no longer simultaneously planning
generation expansion (that is now in private hands), and they now
must wait until the private generation developers make their plans
known.

The net result of these trends is that there is increasing commercial
pressure to move more transactions greater distances over a
transmission system that is shrinking relative to the size of the load
it serves. This may be accomplished by directly monitoring
parameters that indicate how equipment is being loaded (e.g., line
current, ambient temperature, wind speed) or by monitoring the
result of that loading (e.g., line tension, sag, or equipment
temperature). Sensors, communications, and control that allow the
transmission system to deliver greater response and devices that
allow system operators to drive lines, transformers, and other
transmission elements closer to their limits could increase capacity
utilization of the transmission system.

Devices that likely warrant attention include the following:

» transformers: actual measurement of transformer hot spot or
other parameters, such as oil degradation

» overhead lines: sag, tension, conductor temperature, air
temperature, wind, gallop

» cables: temperature, insulation

» circuit breakers: SFg analysis, oil analysis
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3.3.2

3.3.3

Service Quantification

Restructuring will likely end with deregulated generators operating
in competitive markets. RTOs will operate the power system, but
they will be independent of commercial interests. They will
facilitate commercial markets for energy and ancillary services and
will purchase ancillary services themselves from competitive
markets to support operation of the power system. The services
themselves must be quantified for these transactions to be effective.
This requires service definitions, standards, metrics, and
measurement.

Reliability Criteria

Changes in how reliability is maintained closely parallel changes in
commercial market development. In fact, they are the same thing
because reliability and commerce cannot be separated. In the past,
each control area (generally each utility) was responsible for
maintaining reliability within its franchise service territory. Each
was judged by its state regulator. Control areas interconnected to
increase reliability by obtaining assistance from each other when
their system was under stress. By interconnecting two control
areas, utilities could share generating reserves, for example, by
reducing the amount of reserves each has to carry while increasing
the reliability of each.

As a result of the 1968 Northeast blackout, utilities voluntarily
created regional councils and NERC. NERC and the regions helped
utilities decide what reliability actions were appropriate by
developing reliability guidelines. While each utility still had
responsibility for reliability in its control area, and performance was
still judged by the state regulator, a utility could point to the use of
NERC and regional council planning and operating guidelines to
justify that the utilities” actions were appropriate in spite of the
inevitable power outages or to justify reliability-related expenses.

NERC is responding to restructuring by changing its name to
NAERO (the North American Electric Reliability Organization) and
by converting the voluntary guidelines to mandatory quantifiable
policies. The process is not complete; it is not clear yet where
NAERO will derive the required authority to enforce policies. Still,
it is clear that a restructured industry does require reliability rules
that are explicit, quantifiable, and enforceable (or priced).
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3.3.4

Electricity is a
unique commodity
in that instantaneous
production and
consumption must
be balanced
continuously.
Consequently, the
instantaneous cost is
quite volatile.

Real-time markets
require faster
metering and
communications
than are required to
support average
pricing and central
command-and-
control generation

dispatch.

As with unbundling of commercial functions, restructuring of
reliability responsibilities changes from primarily relying on a
judgment of the holistic system response and cost to quantification
and assessments of individual performance during individual
events.

Real-Time Electricity Pricing

Electricity is a unique commodity in that instantaneous production
and consumption must be balanced continuously. Consequently,
the instantaneous cost is quite volatile. Historically, loads were
shielded from this volatility and saw only average prices. Some
loads saw prices that changed seasonally; some saw prices that
reflected a predetermined time of use. Generators themselves were
shielded from price volatility and simply operated when instructed
to do so. Only the system operators were particularly aware of the
cost volatility because they dispatched generators based on the
generators’ production cost and the system’s marginal cost.

Restructuring is changing this indifference to real-time costs and
prices. One of the major differences is the switch from cost-based
transactions? to price-based transactions.3 Clearly, prices and costs
are normally related, but the linkage is not absolute. Active spot
markets now exist for real-time pricing of bulk power transactions.
Power exchanges exist in several locations that clear transactions
based on buy and sell bid prices. The introduction of merchant
power plants and price-sensitive loads has extended the real-time
price sensitivity to individual generators and consumers, as would
be expected in a mature market. Typically, transaction prices are
held for 1 hour, but California is experimenting with transaction
periods of 10 minutes or less. Clearly, real-time markets require
faster metering and communications than are required to support
average pricing and central command-and-control generation
dispatch.

2Economy transactions, where power was sold from one utility to another at the
average of the two utility’s marginal production costs (allowing each utility to
capture one-half the value of the exchange) used to dominate the interchange
market.

3With price-based transactions, power is sold at whatever price the two parties
agree on.
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3.3.5 Unbundling of Ancillary Services

Restructuring has brought separation of services (unbundling) as
well as separation of suppliers. Ancillary services (FERC’s term or
Interconnected Operations Services, NERC’s term) are reasonably
well defined conceptually. These are services that are required to
assure reliability and/or to facilitate commerce. Table 3-1 provides
definitions for the 12 ancillary services. At least six of these
services require measuring specific performance from the individual
resources providing or consuming the service: regulation, load
following, voltage control, contingency reserve—spinning,
contingency reserve—supplemental, and backup supply. Most also
require communication of control signals to inform the resource of
the desired response. Dynamic scheduling also requires
measurement and communications.

Each of the services requires a metric as well as a measurement.
Regulation, for example, is the service that compensates for
fluctuations in load and unintended fluctuations in generation. The
system operator contracts for generating capacity that can
maneuver rapidly to compensate for these fluctuations and keep the
system in balance. Figure 3-1 shows the automatic generation
control (AGC) signal from the system operator requesting generator
response and the unit’s actual performance. Figure 3-2 shows a
similar plot for a unit that is not performing well. Note that even in
Figure 3-1 the generator is not performing perfectly. The degree to
which the supplier is delivering the service must be measured. This
could be related to the difference between the time series of
requests and the actual generator outputs. A metric that converts
these differences into an appropriate gauge of service provision
needs to be developed.

One common feature of each of these ancillary services is that
service provision requires controlled behavior over time frames that
are significantly shorter than the time frames over which traditional
revenue metering operates. Ancillary service time frames are shown
in Figure 3-3. The importance of measurement and quantification of
real-time service provision or consumption is heightened by the
volatility of ancillary service prices, as shown in Figure 3-4.
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Table 3-1. 12 Ancillary Services and their Definitions
Time is an important factor in defining ancillary services.

Service Definition Time Scale

Services FERC requires transmission providers to offer and customers to take from the transmission provider

System control

Voltage control from

generation

The control-area operator functions that schedule generation
and transactions before the fact and that control some
generation in real-time to maintain generation/load balance
The injection or absorption of reactive power from generators
to maintain transmission-system voltages within required
ranges

Seconds to hours

Seconds

Services FERC requires transmission providers to offer but which customers can take from the transmission
provider, buy from third parties, or self-provide

Regulation

Contingency reserve—

spinning

Contingency reserve—

supplemental

Energy imbalance

The use of generation equipped with AGC to maintain
minute-to-minute generation/load balance within the control
area to meet NERC control-performance standards

The provision of unloaded generating capacity that is
synchronized to the grid that can begin to respond
immediately to correct for generation/load imbalances
caused by generation and transmission outages and that is
fully available within 10 minutes to meet NERC'’s
disturbance-control standard

The provision of generating capacity and curtailable load
used to correct for generation/load imbalances caused by
generation and transmission outages and that is fully
available within 10 minutes?

The use of generation to correct for hourly mismatches
between actual and scheduled transactions between
suppliers and their customers

~1 minute

Seconds to <10
minutes

<10 minutes

Hourly

Services FERC does not require transmission providers to offer

Load following

Backup supply

Real-power-loss
replacement

Dynamic scheduling

System-blackstart
capability

Network-stability
services

The use of generation to meet the hour-to-hour and daily
variations in load

Generating capacity that can be made fully available within
30 to 60 minutes to back up operating reserves and for
commercial purposes

The use of generation to compensate for the transmission-
system losses between generators and loads

Real-time metering, telemetering, and computer software and
hardware to electronically transfer some or all of a
generator’s output or a customer’s load from one control area
to another

The ability of a generating unit to go from a shutdown
condition to an operating condition without assistance from
the electrical grid and then to energize the grid to help other
units start after a blackout occurs

Maintenance and use of special equipment (e.g., power-
system stabilizers and dynamic-braking resistors) to maintain
a secure transmission system

10 minutes to
hours

30 to 60 minutes

Hourly

Seconds

When outages
occur

Cycles

aUnlike spinning reserve, supplemental reserve is not required to begin responding immediately.
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Figure 3-1. Well-Behaved
Generator Providing
Regulation

The degree to which the
supplier is delivering the service
must be measured.

Figure 3-2. Poorly
Behaving Generator
Providing Regulation
Prices and enforcement
contracts should provide the
proper incentives and penalties
when units do not perform well.
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Figure 3-3. Ancillary
Service Time Frames
The time frames for ancillary
services vary greatly.

Figure 3-4. Average
Ancillary Service Prices
for December 1998
Weekdays in California
Real-time measurement and
quantification of ancillary
services is needed because of
the volatility of hourly prices.

3.3.6

Deregulation will lead to a
larger number of small
loads and generators
participating in real-time
energy and ancillary service
markets.
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Reduced Generator and Transaction Sizes

After nearly a century of increasing efficiency coming with
increasing central generator size, there are indications that
distributed micro sources may be the wave of the future. Fuel cells,
micro turbines, and internal combustion engines are all vying to
enter the competitive generation market. Often the primary focus is
to sell energy or backup power, but it will not be long before
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3.3.7

owners and manufacturers of these devices realize that the other
ancillary services may provide additional sources of income.
Similarly, load can and will participate actively in real-time energy
and ancillary service markets. Both trends push the size of real-
time transactions down from tens to hundreds of MW to tens of
kW.

This trend to active market participation by smaller resources
(generators and loads) may be a tremendous boon. If loads
supplied all contingency reserves (certainly possible) at times of
peak usage, this would immediately free up approximately

7 percent of existing generation to serve new load. Existing
emergency backup generators could supply additional thousands of
MW of capacity.# This, in fact, was the motivation in the fall of
1999 for the Texas PUC to accelerate developing interconnection
standards for distributed generation.

Most small resources have the added advantages of being agile,
inherently providing fast response in real time. They are generally
faster to deploy and easier to site too.

Aggregation, communications, and metering are significant
obstacles to deployment of large numbers of distributed resources
(generation and loads). System operators are used to dealing with a
relatively small number of large resources when controlling the
power system. They do not have the tools needed to communicate
with large numbers of small resources. Metering presents an
additional problem. It is not practical to outfit a 50 kW
microturbine with the same data acquisition and telemetry suite
that is typically deployed on a 500 MW steam plant.

Power Quality

Restructuring does not inherently change either the vulnerability to
poor power quality or the importance of maintaining high power
quality. However, the increasing use of sensitive electronic devices
and power electronics in both loads and distributed generation will
lead to power quality issues. There is an increasing need to be able
to locate sources of harmonics and flicker on the power system.

4There is considerable debate over the exact number.
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3.3.8

There will probably be a need to regularly monitor large numbers
of locations on the power system.

Supplier Choice

Providing end users with the flexibility to choose their power
supplier may entail significant technical challenges. Generally
supplier choice is limited to the source of bulk energy. If customers
could be tied more closely to their chosen suppliers, through the
existing network, additional market efficiencies would be tapped.®
For example, a customer could choose a lower cost, lower
reliability supplier. The customer would see increased interruption
but pay a lower price for electricity. Alternatively, a customer
could pay a higher price for added reliability. This would allow
individual customers to balance reliability and price, providing
clearer market capacity expansion signals.®

3.4

CONCLUSIONS

The final form of a restructured electric power industry is far from
clear. lItis likely that regional differences will persist. Several
trends appear to be well established:

» Reliance on commercial provision of services requires
increased metering, communications, and control
capability.

» Individual transactions will increase in importance, and
metering must accommodate smaller transactions and
smaller entities (both loads and generators).

» Individual real-time services will be unbundled. Revenue
metering must accommodate faster transactions and
comparisons between requested and delivered responses.

» Increased response will be required from the transmission
system, and technologies that allow the transmission system
to provide increased responses will have value.

5This would be the equivalent of dynamically scheduling each load to its chosen
supplier.

6This would only address generation-related reliability or adequacy issues. It would
not address distribution reliability issues, which account for most residential
outages. Still, generation adequacy and expansion are major concerns.

3-17



Changing Measurement and Standards Needs in a Deregulated Electric Utility Industry

The metering,
communications,
and control
requirements of a
restructured electric
power industry
appear to be more
related to the
fundamental change
of increasing
reliance on markets
and contracts and
decreasing reliance
on regulation and
vertical integration
than they are on the
specific
restructuring
implementation.
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The metering, communications, and control requirements of a
restructured electric power industry appear to be more related to
the fundamental change of increasing reliance on markets and
contracts and decreasing reliance on regulation and vertical
integration than they are on the specific restructuring
implementation. Similarly, the need to extract more performance
from the transmission system is related to the difficulty to construct
transmission and increasing commercial pressure to use
transmission, not to the specifics of how industry restructuring
moves forward. As a result, the need to advance metering and
monitoring technology seems to be broadly based on national
requirements that are not sensitive to the details of restructuring
implementation (i.e., different restructuring scenarios).

In addition, whether deregulation is examined from the wholesale
or retail perspective has surprisingly little impact on the type of
metering that is required. The amount of metering may be different
at the wholesale level versus the retail level. Wholesale
transactions may require metering only for large entities (generators
and large loads) and aggregations of small entities (primarily loads)
while retail transactions require metering for all entities. The type
of metering that is required, however, depends on the service being
measured, which in turn relates to physical phenomena on the
power system.

The physical laws governing the power system’s behavior do not
change with deregulation. Accomplishing the required minute-to-
minute generation and load balancing, for example, requires
metering that measures energy flows at least that fast. Addressing
this minute-to-minute balancing at the retail level requires more
metering, not different metering than what is required at the
wholesale level. Because of the difference in consequences to the
power system from a failure at the wholesale vs. retail level, there
may be different reliability requirements for the metering but not in
what is fundamentally being metered. Similarly, it does not matter
if metering requirements are examined from the supplier’s or the
consumer’s perspective. In both cases, the same phenomena is
being measured. Nor does it matter if metering requirements are
examined from the FERC perspective of comparability or the NERC
perspective of reliability. Again, the same underlying physical
phenomena are being measured.



Measurement and
Standards Needs
to Support
Restructuring

This section discusses broad measurement and standards
requirements to support reliable operations and commercial
transactions on the electric power system in a deregulated
environment. Measurement requirements, in this context, include
the basic physical measurements as well as the associated
communications and control requirements.

Standards support requirements are related directly to the
measurement requirements. However, they are organized here into
the two categories described in Section 2: system operations and
market transactions. These standards support requirements are not
spelled out in detail—that is the appropriate role for the various
standards organizations cited in Section 4.2.

Although systems operation (e.g., reliability) and market transactions
(e.g., market development) concerns differ in many important
aspects, they are also inseparable and often complementary. We
surveyed a broad range of industry experts to capture the full range
of concerns from the supply and demand sides as well as from the
operations and planning/investment sides.

4.1

MEASUREMENT NEEDS

Measurement needs include the physical quantities that must
actually be measured and the speeds at which they must be
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4.1.1

Voltage and current are the
two fundamental electrical
quantities that need to be
measured to monitor an
interconnected power
system.
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measured. We describe the underlying trends that are changing
measurement requirements and examine the importance of
differences among individual customers. This section also discusses
measurement and control communication requirements and how
these may change with deregulation. Finally, we discuss unique
measurement requirements for the transmission and distribution
systems.

Physical Measurement Requirements

In one sense, there are very few measurement requirements on an
interconnected power system. Voltage and current are the two
fundamental electrical quantities of interest. Other quantities, such
as real and reactive power and energy, are derived from
measurements of voltage, current, and the phase angle between the
two. Phase angle itself is not really a fundamental measurement but
is derived from the temporal relationship between the periodic
voltage and current fluctuations (alternating current). Measuring
harmonics, flicker, sags, surges, and dropouts involves measuring
voltage and current over different time frames.! Similarly, even
though consensus has not yet been reached concerning the exact
definitions of the ancillary services (or the related NERC
Interconnected Operations Services) discussed in Section 3, it is
clear that they involve measuring real and reactive power delivery
and consumption over various time frames.

Table 4-1 presents the measurement requirements for a range of
services of interest under wholesale and retail power deregulation.
Note that, although the time frames presented are typical, exact
requirements vary from location to location depending on the way
each service is defined. Also note that the reporting time frame is
listed as “periodic” for all of the services because it is not strictly
necessary for the system operator to directly observe the response of
each resource supplying reliability services in real time.

The wide range of voltages involved in the electric power system
complicates the measurement of voltage and current. Transmission
line voltages are up to 765 kV (nominal line-to-line voltage), but

The unique nature of power quality issues such as flicker, harmonics, sags, surges,
and dropouts may warrant individually designed meters for each. Still, they are
only measuring voltage and current.
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Table 4-1. Measurement Requirements Under Deregulation
Services are differentiated by the time frame over which the service must be deployed and measured and the response

reported.
Measurement  Deployment
Service or Concern Product Attributes  Time Frame Time Frame  Reporting Time Frame
Power Quality
Harmonics Voltage and current <1 second Periodic measurement
Flicker, sags, surges, Voltage ~1 second when problems are
d reported
ropouts
Ancillary Services
Regulation Watts ~1 minute ~1 minute Periodic
Stability Watts and/or vars <1 second <1 second Periodic
Contingency reserve—  Watts Seconds Seconds Periodic
spinning
Contingency reserve—  Watts <10 minutes <10 minutes Periodic
supplemental
Load following Watts ~15 minutes  Minutes Periodic
Backup supply Watts ~30 minutes  Minutes Periodic

even the 13 kV of typical distribution systems is too high for most
direct electronic measurement. Currents are generally too high for
direct measurement, both at the elevated and the lower voltages.

Voltage transformers, which are often referred to as PTs (for
“potential transformers”), are used to scale the voltage of interest
down to a more easily measured range. Current transformers (CTs)
are used to both scale the electric current of interest down to a more
reasonable range and to extract the electric current signal at a
voltage much closer to zero than line potential. PTs and CTs are
not to be confused with power transformers, which are very large.
PTs and CTs are expensive, and careful attention must also be paid
as to how these devices distort the measurements being made.

Measurement Synchronization

Time synchronization is very important for some measurements.
The Wide Area Measurement System (WAMS) uses precisely
synchronized measurements of voltage and current (real and
reactive power and voltage) collected from locations dispersed over
large geographic areas to observe the dynamic behavior of the

4-3
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power system. This is particularly important in the Western System
Coordinating Council (WSCC).

Temporally synchronizing data is also a concern with more
conventional measurements. Many conventional system control
and data acquisition (SCADA) systems collect data by sequentially
polling the sensors on the system every few seconds. Measurements
obtained from sensors polled early in the cycle are not
synchronized with measurements obtained from sensors polled late
in the cycle. This is especially problematic if a significant event
occurs during the cycle and the system operator (or automatic
control equipment) is trying to understand what has occurred. For
example, flows might be different at two ends of a transmission line
because the line is damaged or one measurement was taken before
a generator tripped and the other was taken after it tripped. This
problem increases as additional commercial entities start to handle
data and as equipment from multiple vendors is used. Some form of
time-stamping the data may be needed.

Additional Measurements

A number of other parameters are measured to ascertain the present
capability or status of the transmission system. For example, most
electrical devices are inherently temperature-limited because the
device’s electrical resistance generates heat as current flows through
the device. Excessive heat can cause instantaneous failure or
shorten equipment life.

Equipment capacity ratings (e.g., the power flow capacity of
transmission lines or transformers) are often based on the
temperature that will result at some critical component under
specific environmental conditions such as ambient temperature and
wind speed. The device might actually have more or less capacity
under different environmental conditions. Directly measuring the
temperature of the limiting component could allow higher
utilization of transmission capacity without compromising safety.

Historically, measuring the critical temperature has been difficult
because knowing exactly which component is critical and making
measurements on energized equipment are difficult tasks. For
example, determining which span of a transmission line is the
limiting span depends on the direction of the wind and the limiting
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span may change with cloud cover. The electrical environment
makes determining the temperature inside a 345kV cable and

transmitting that information to the system operator much more
difficult.

Overhead transmission lines are thermally limited because heat
allows the conductor to expand. If the conductor gets too hot, it
will permanently weaken or fail. Most lines reach a sag limit (i.e.,
the conductor lengthens enough that the center of the span is too
close to the ground or to structures under the line) before the
conductor is permanently damaged by heat. Limits for current are
established for most lines based on the sag calculated to result from
that current under specific assumptions of ambient temperature and
wind. Limits could be based on direct temperature measurements
instead allowing line loadings to be raised until the line is truly at its
physical limit. Alternatively, sag could be measured directly, or line
tension could be measured to calculate sag.

Status measurements on numerous devices throughout the power
system are also required. Breaker and switch positions are
important. Generator status is important. Many system operators
require reporting generator capability regularly, either by direct
measurement or by the generator operator updating the capability.
Supplemental information, such as hydrogen pressure, is often
required to be sensed and reported directly to the system operator.

Underlying Trends Changing Measurement
Requirements

Three interrelated forces are driving the need for clearer definitions
of service requirements and an increased need for measurements
and communications:

» Reliance on commercial arrangements (contracts) between
service suppliers and the system operator requires clearer
definitions of the services being provided than was needed
with vertical integration.

» Unbundling of individual services (e.g., regulation,
contingency reserves) requires defining each service and
measuring performance.

» The introduction of competition to replace regulated
monopolies requires more explicit and definitive service
definitions and performance measurements that can be
reflected in contracts.

4-5
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These three interrelated forces dramatically change the
measurement requirements even when there are no physical
changes in the power system. Many more measurements at many
more locations are required to assure that specific contracted
services are being provided. A competitive commercial entity may
not deliver a service if delivery is not monitored. If an honorable
entity does deliver the unmonitored service, a less ethical
competitor may undercut the service price and win the next
contract, because its price need not cover the cost of actual
delivery.

Physical changes in the power system compound the increased
measurement requirements. Changes in the size of generators, the
inability to build new transmission, and the potential for customer
loads to enter the ancillary service markets as suppliers all
contribute to an increased need for measurements. Fortunately, the
enabling technologies of computing, communications, and
electronics are getting dramatically cheaper, so that the additional
measurement requirements will not be cost prohibitive.

Physical Changes in the Power System

Technological advances are changing the measurement,
communications, and control requirements of the power system as
well. These advances are primarily tied to the resources that are
available to provide energy and reliability services.

» Generators are getting smaller. After a century of ever-
increasing efficiency coming with ever-increasing size, we
are seeing that trend reverse, perhaps dramatically. This
trend is coupled with the availability of competitively priced
natural gas as a power generation fuel. Until recently, unit
sizes were increasing above 1,000 MW to achieve greater
efficiency. Now, combined-cycle units, which use
combustion turbines and gas boiler technology in the 50 to
300 MW range, have impressive thermal efficiencies (some
claim to be near 60 percent). We are also seeing
microturbines less than 100 kW range nearing commercial
viability. Internal combustion-driven generator efficiency is
increasing dramatically as well. Especially at times of high
peak prices, we will likely see numerous generators in the
<100kW size in use at customer sites.

» Replacing a 1,000 MW generator with multiple, smaller
(e.g., 10,000 100 kW) generators raises concerns about the
cost of metering and data communications as well as
concerns about data overload. Replacing a 1,000 MW
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generator with multiple, smaller generators also changes the
risk assessment for failure of the resource to perform. This
changes the assessment of metering and data
communications needs related to assuring system reliability.

» The introduction of demand-side elasticity (price-responsive
load) and load as a resource selling reliability reserves to the
power system compounds this problem because the sizes of
the individual loads that are price-responsive may be very
small.

» Advances in electronics, computing, and communications
need to be exploited to reduce costs and increase the
opportunities for these resources to participate in electricity
and reliability service markets.

Precision and Traceability

Deregulation, corporate unbundling, and the introduction of
competition change the precision and traceability requirements of
measurements. Currently, revenue metering for energy is distinct
from operational metering. Revenue metering is generally more
precise, meets tighter standards, and has better traceability to
primary standards. Revenue metering is also more expensive and
generally does not operate as fast as operational metering. It
generally deals with energy consumption over 15 minutes or an
hour. Operational metering, on the other hand, is used by the
system operator to facilitate control of the power system. And
traditionally systems have had sufficient margins so that it is not
necessary (or economical) to precisely measure all performance
parameters. However, as safety margins shrink with the cost-cutting
pressures of deregulation, the precision of operational metering may
need to increase. Traceability and precision are not as high a
concern. Redundancy in the metering and state estimation
increases the operator’s view of the overall system without
increasing the cost of individual measurements.

With deregulation and unbundling of services, the scope of revenue
metering greatly increases. Many more activities that generators
previously performed on command by a system operator that
“owned them” will now need to be compensated for based on
measured performance. As a result, meter quality (precision, speed,
and reliability) is an important commercial issue for many more
measurements.
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Customer Differentiation

It has long been recognized throughout the industry that different
customers impose different requirements on the power system.
Figure 4-1 shows the power consumption for a steel mill and an
aluminum plant for an hour. Clearly, the steel mill is imposing a
significantly greater regulating burden on the power system than the
aluminum mill. Historically, this difference was addressed through
the bundled rate offered to each customer by the vertically
integrated utility. That rate might, or might not, accurately reflect
the total cost to serve each customer. Deregulation is changing
how individual customers are treated.

Figure 4-1. Individual Loads Impose Different Regulation Burdens on the Power System
Under deregulation, customers will be charged for the different burdens their loads place on the system.
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FERC recognizes that customers use different amounts of ancillary
services as well as different amounts of energy and capacity. In a
recent Notice of Proposed Rulemaking, FERC states “The
Commission believes that, whenever it is economically feasible, it is
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important for the RTO [Regional Transmission Organization] to
provide accurate price signals that reflect the costs of supplying
ancillary services to particular customers” (FERC, 1999). Similarly,
in Order 888 FERC states that because customers that take similar
amounts of transmission service may require different amounts of
some ancillary services, bundling these services with basic
transmission service would result in some customers having to take
and pay for more or less of an ancillary service than they use. For
these reasons, the Commission currently concludes that ancillary
services, such as system control, voltage control from generation,
regulation, contingency reserve-spinning, contingency reserve-
supplemental, and energy imbalance, should not be bundled with
transmission service.

Differentiation among individuals is not limited to loads or
regulation. Analysis of data from specific generators indicates that
they impose very different reliability reserve requirements on the
power system, as shown in Figure 4-2. Similarly, analysis of data
from specific generators indicates that they provide very different
regulation support to the power system.

All of this supports the need to assess each entity for the individual
support it provides or burden it places on the power system.
Metering is required to make this assessment and to respond at the
appropriate rate for each service. This change means a large
increase in metering and data processing requirements.

Communications

Communications requirements also need to be re-examined. Like
measurement speed requirements, communications requirements
are tied to the service being provided and the function being
performed. Communications requirements in both directions
(system operator to resource and resource to system operator) must
be addressed separately.

Historically, the system operator dealt with relatively few large
generators. SCADA systems were designed on the basis that
information was collected every few seconds by polling each data
collection point throughout the system. Techniques to reduce the
quantity of data, such as reporting only status changes, were used.
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Figure 4-2. Individual Generators Impose Different Reliability Burdens on the Power System
Under deregulation, individual generators will be held responsible for the different reliability burdens they impose on
the system.
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Commands were sent to generators and a generator’s output was
observed every 2 to 8 seconds (depending on the utility) to see if the
generator was responding. This system worked well and made
sense for large generators. It is not clear if this is the best system for
numerous small generators or for responsive load, however.

The basic requirement to get command signals from the system
operator to the resource quickly still exists. Very fast signals, based
on local conditions or system frequency, do not have to come from
the system operator; they can be locally derived. Response must
also be monitored in the same fast time frame. It may not be
necessary, however, to send the response signal back at the present
rate. It might be better to monitor performance locally and report
back at the end of the billing period. The system operator would
still be aware of the aggregated (total system) response, but the
individual composition of that response would not be immediately
available.

System operations, however, may be improved with increased
number of suppliers because the reduced size of each individual
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supplier reduces the consequences of individual failures to respond.
It might be easier to predict the statistical behavior of a large fleet of
smaller resources than a small fleet of larger resources.

Transmission

Transmission (and distribution) will likely remain regulated and will
be shielded from some of the commercial pressures that generation
and load will experience. However, measurement,
communications, and control requirements for transmission will
change too.

Independent of deregulation, increasing public opposition to new
overhead transmission lines makes increasing transmission system
capacity through new construction difficult. Deregulation
compounds this problem by making it more difficult to argue that
transmission is built exclusively for reliability reasons and then to
use power of eminent domain to obtain right-of-way. Under
deregulation, transmission is built largely for economic reasons,
when it provides a better economic choice than locating additional
generation closer to the load. The shift from reliability to profit for
the justification of new transmission corridors increases the
difficulty of building new transmission capacity when public
approval is required.

Separating transmission and generation also makes solving
transmission operating problems (overloads) with traditional
generation solutions (redispatch) more difficult. With a vertically
integrated regulated monopoly, a transmission loading problem
could be solved by redispatching generation with all customers
paying the increased costs associated with off-economic dispatch
through slightly higher average rates. Now, individual generators
have a strong interest in restrictions on their operations and will
oppose curtailments in their individual operations based on
transmission loading. This problem is compounded by the increase
in the n