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Executive Summary

Thiswhite paper describes the reliability problems that have devel oped within the U.S
electric power system and demonstrates how Digtributed Generation (DG) can provide
an effective solution to those problems for both the system and individual customers.
Additional economic, technical, and policy context for these policy discussionsis pro-
vided by three other white papersin this series: " Distributed Generation:
Understanding the Economics,” "Distributed Generation: System Interfaces," and
"Distributed Generation: Policy Framework For Regulators.”! These discussion docu-
ments are designed to assist regulators, legidators, and other interested partiesin
under standing and eval uating issues associated with DG as they devel op informed poli-
ciesthat will shape the future of the USelectricity industry.

The U.S. dectric power system is among the most dependable in the world, delivering
to the vast mgority of its customers anearly uninterrupted flow of power with over 99
percent reliability.2 High reliability isacentral guiding principle for the U.S. electric
power system and akey requirement for efficient commerce and industry aswell asa
high national standard of living.

Despite alongstanding history of successful operations and customer satisfaction, recent
highly publicized outages, customer aerts and requests for load shedding in certain
regions have led to changing perceptions and uncertainty about the system's reliability.
There are three fundamental causes:

1. Inadequate response to increased demand for electric power through insufficient and/or
delayed generation, transmission, and distribution system upgrades and expansions,
creating reduced (below 15 %) reserve margins and zones of capacity shortfall in
several parts of the country during peak seasons

2. Increased customer expectations for higher reliability than may be available from the
current system

3. Weakening of traditional roles, responsibilities, and incentives for maintaining a
uniformly high level of performance among U.S. power generation, transmission, and
distribution systems

These three devel opments have combined to help create new pressures on the balance
between U.S. dectricity supply and demand. Events during the past two summers have
exposed zones of system weakness, particularly when demand is high. For many cus-
tomers who cannot tolerate service interruptions and curtailments for even short periods,
thisisahigh priority concern that requires an immediate solution. These concerns, and
the absence of credible near-term system solutions, have led some endusers to consider
creating their own reliability solutions that may be independent of the traditional electric

power system.

1. These white papers can be downloaded from the Arthur D. Little Distributed Generation website at
www.adl.com/dg/main/dg

2. Edison Electric Institute, 1998 Distribution Committee Reliability Survey, April 1999, as cited in Edison
Electric Institute, “America’s Electric Utilities: Committed to Reliable Service,” May, 2000. (www.eei.org)
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DGQG bhas gﬂined attention DG has gained attention as a viable technology option inherently well-suited to the geo-
graphically fragmented nature of the reliability problem. DG is the integrated or stand-
alone use of small, modular eectric generation close to the point of consumption. It
option inherently well- encompasses many distinctly different technologies that vary by size, application, and
suited to the efficiency. Some, such as reciprocating engines, gas turbines, and photovoltaics have
been commercialy available for years. Relative newcomers—fuel cells, microturbines,
and stirling engines—are being introduced today, with substantial improvements expected
fmgmemed nature within the next few years. This suite of DG technology options can deliver prompt and
of the reliability cost-effective reliability solutions for avariety of applications.

as a viable technology

geographically

problem. DG can beinstalled within the distribution system or at a customer's site, as a separate

solution or in combination with market-driven incentives such as interruptible programs,

to improve reliability by:

- Adding generation capacity at the customer site for continuous power and backup
supply

- Adding system generation capacity

- Freeing up additional system generation, transmission and distribution capacity

- Relieving transmission and distribution bottlenecks

- Supporting power system maintenance and restoration operations with generation of
temporary backup power

Depending upon case-specific circumstances, DG may be able to offer severa advan-

tages over traditiona central plant system generation upgrades, including being:

- Flexible, including operation either as an islanded solution or in conjunction with the
grid

- Sited and installed faster than conventional solutions

- Deployed to avoid or postpone potentially more expensive transmission and distribution
upgrades

- Used in combination with energy storage and other power quality technologies for
customized premium power solutions

- Able to provide non-reliability benefits, including implementation as a more energy
efficient on-site option than grid power in BCHP (building combined beating, cooling,
and power), and possibly providing electricity cost savings

There are some limited DG initiatives under way to increase reliability in several mgjor
power markets, including programs established by the Californiaand PIM Independent
System Operators (1SOs) and by individua utilitiesin cities such as Chicago, New York,
Kansas City and Portland, Oregon. Still, acceptance is not yet widespread.
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The current industry transition period to competition has made it clear that the old col-
|aborative, voluntary approach to reliability is difficult, if not impossible, to usein a
restructured electric industry. New regulatory policieswill therefore be required to create
new solutions including market-based approaches to ensure reliability. To open markets
to the practical consideration of DG for reiability, regulators and other stakeholders will
have to confront potentialy significant barriers involving dectric rates, interconnection,
and siting and permitting. There should also be arecognition of how market-oriented
programs can be used to send the appropriate price signals when DG can be cost-effec-
tive.

Palicymakers now have the opportunity to develop DG policiesto help address their
own electric power system reliability concerns by learning from the experiences of col-
leaguesin other jurisdictions, and by working with their own stakehol ders to apply these
lessons to local system conditions and markets. Through this exchange of information
and the selective adoption of DG solutions being devel oped, tested or implemented in
other states, it may be possible to more rapidly devel op a common understanding of the
principles of DG policy. These could include consistent DG equipment performance and
interconnection standards and permitting processes, aswell as methods for allocating
DG costs and benefitsto create appropriate market price signals.

If public decision makers can accomplish these tasks, DG will be dlowed afair evalua-
tion by the market. Thiswill in turn provide utilities, system operators, energy service
providers and customers throughout the U.S. with the opportunity to consider DG asa
viable and potentially superior option to strengthen electric power reiability.
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Preface

Thiswhite paper isone in a series of discussion documents designed to help regulators,
legidators, and other interested parties understand and eval uate i ssues associated with
distributed generation (DG). It describes the current need to strengthen rdiability in the
United States, and how DG can help meet that need. It also examines key public policy
issues that will strongly influence how DG will be allowed to compete in the market-
place.

DG represents a solution to some of the reliability problems faced by grid managers and
dectricity consumers, but DG does not represent an answer to dl problems. An under-
standing of current reliability trends and concerns, and the role(s) DG could play in this
areawill enable policymakersto set priorities for investigating concerns and preparing
responses. By proactively moving to understand the value of DG for reliahility, they will
help position themsalves to devel op informed policies that will shape the future of the
U.S. dectricity industry.
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. Introduction

The U.S. dectric power system is among the most dependable in the world, ddlivering
to the vast mgority of its customers a nearly uninterrupted flow of power with over 99
percent reliability each year.3 High reliability isacentral guiding principle for the U.S.
electric power supply, and akey requirement for efficient commerce and industry, as
well as ahigh standard of living.

Despite the system'’s longstanding history of successful operations and customer satis-
faction, recent highly publicized outages, customer alerts and requests for loading shed-
ding in certain regions have led to changing perceptions and uncertainty about its
reliability. There are three fundamental causes:

1. Inadequate response to increased demand for electric power through insufficient and/or
delayed generation, transmission, and distribution system upgrades and expansions,
creating reduced (below 15 %) reserve margins and zones of capacity shortfall in
several parts of the country during peak seasons

2. Increased customer expectations for bigher reliability than may be available from the
currvent system

3. Weakening of traditional roles, responsibilities, and incentives for maintaining a
uniformly bigh level of performance among U.S. power generation, transmission, and
distribution systems

Distributed Generation (DG) has gained attention as a viable technology option inher-
ently well-suited to the geographically fragmented nature of the reliability problem. As
the integrated or stand-alone use of small, modular e ectric generation facilities close to
the point of consumption, DG can provide policymakers, regulators, and the market
with flexible options to hel p resolve some of the power reliability problems now evident
inthe United States. DG represents an alternative to central plant generation through
the use of existing or new sources of electricity at strategic locations in the distribution
system or at customers sites. DG can benefit either a portion of the local power delivery
network or individua customers. Two 1SO regions, utilitiesin severa cities, individua
companies and others are now undertaking DG initiatives to improve reliability, but
acceptance is not yet widespread.

DG is often considered arelatively new solution that is not well understood by utilities,
energy service providers, regulators, or customers. Increased understanding and new
regulatory approaches are required to eliminate existing technical, economic, and proce-
dural barriers and to establish the necessary market mechanismsto ensure that DG will
be broadly considered as one potential response to reliability problems.4

3. Edison Electric Institute, 1998 Distribution Committee Reliability Survey, April 1999, as cited in Edison
Electric Institute, "America’s Electric Utilities: Committed to Reliable Service," May, 2000. (www.eei.org)

4. National Renewable Energy Laboratory, Making Connections: Case Studies of Interconnection Barriers
and Their Impact on Distributed Power Projects, U.S. Department of Energy, May 2000.

RELIABILITY AND DISTRIBUTED GENERATION 1

The U.S. electric power
system is among the most
dependable in the world,
but recent highly
publicized capacity
CONSLraints in certain
regions have led to
uncertainty about its
reliability.



This white paper
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Thiswhite paper describes how DG can play arole in improving reliability, especidly
now during the current transition to a restructured market. This anaysis presents policy-
makers with afoundation for building their own responses to meet the needs of their
congtituents. The discussion beginswith areview of the principles of eectric power
system reliability in Section I1. Next, Section |11 presents a summary of traditional
approachesto achieving reliability, followed by an assessment of the current power
system reliability situation in Section IV. Section V is adescription of how DG can pro-
vide solutions to reliability problems now faced by both utilities and customers. Section
V1 discusses a series of DG policy issuesrelating to reliability that regulators and others
should resolve. Additional context for these policy discussionsis provided by three
other white papersin this serieson DG.5

5. These white papers can be downloaded from the Arthur D. Little Distributed Generation website at
www.adl.com/dg/main/dg
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I1. Principles of Reliability

Reliability isakey characteristic of a strong electric power delivery system. At itssim-
plest, delivery system reiability isthe measure of whether electricity isavailableto
userss A widely accepted definition for reliability is comprised of two elements: ade-
quacy—the ahility to satisfy market demand at all times, and security—the ability to with-
stand sudden disturbances such as short circuits or unanticipated loss of system
elements.”

There are two fundamental causes of reliability problems:
- Capacity deficiencies
- Faults and failures

Capacity Deficiencies

Capacity deficiencies degrade the reliability of distribution, transmission, and distribu-
tion systems. They can arise from either an inadequate supply of power to meet market
demand, or an inadequate contingent supply of eectricity for an unexpected event.
Either of these conditions may involve inadequate transmission and/or distribution
capacity to transfer eectricity within the power delivery system. Depending on the
severity of the deficiency, an interruption of eectricity supply (i.e., an outage) can
occur.

A system capacity deficiency can lead to an outage if 1) systerm managers activate
emergency procedures such asrolling blackouts to avoid further system overload and
catastrophic failure, or 2) if theloss of akey system element resultsin serious
overloads, cascading equipment failure, and potentially widespread blackouts. While
power system planners and operators work to avoid such events, the ssimple lack of new
generation, transmission and distribution capacity to meet increased demand has forced
some operators to take precautionary emergency actions more routinely to maintain
system reliability.

A capacity deficiency can also degrade reliability without causing an outage when
the contingent supply of electricity to withstand unexpected eventsis reduced to a
less severe, but still substandard level. In this case, a consumer may only be aware of
the problem if avery low capacity margin causes local system managersto call for
either voltage reductions or voluntary load shedding as a demand control measure.

6. By contrast, power quality describes the suitability of that electricity for servicing electrical loads, and con-
cerns the shape of power waveforms.
7. North American Electric Reliability Council, Reliability Assessment: 1999-2008, May 2000, page 9.
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There are two
fundamental groups of
causes of reliability
problems: capacity
deficiencies, and faults
and failures.

Faults and Failures

Faults are short circuits in the transmission or distribution system that occur when pro-
tection equipment isinsufficient against externa eventsthat cause ashort circuit in
energized electrical equipment such as power lines or substations. The most common
sources of these are tree contact, animal contact, and lightning. They can also occur due
to automobile accidents or vandalism. Failures occur when an element in the electric
system ceases to function properly due to an equipment malfunction or human error not
linked to any externa influence such as those that can lead to faults. High voltage bush-
ings, transformer windings, and lightning arrestors are common types of equipment that
can fail, resulting in short circuits.

Both faults and failures can cause outages. These outages can be short, lasting less than
15 seconds and quickly resolved by automatic switching equipment. When afault or a
fallureresultsin alonger outage, it typically involves damage to equipment such asa
transformer that must be repaired or replaced before service can be restored. Thetime
required for such remedies can range from hoursto days or weeks. Faults and failures,
rather than capacity deficiencies, are the causes of most outages. Outages created by
faults and failures in generation are rare. While transmission faults are somewhat more
common, 94 percent of all power outages are caused by faults and failuresin the distrib-
ution system.s

Reliability is often measured against a basaline maximum of 100 percent for 365 days
per year. The power system is designed typically to deliver between 99.9 percent (or
"three nines") and 99.99 percent (or "four nines') reiability. Thereis no definitive
industry statistic that measures the overal reliability of the US eectric power system,
although industry surveys are conducted periodicaly. In practice, the reliability of the
system varies by location, but is generally over 99 percent.? Figure 1 illustrates the
relationship between increased degrees of reliability and diminishing outage time.

Figure 1. Degrees of Reliability and Time Without Power

Reliability Time Without Power

99.0% (2 Nines) 3.7 daysl/yr
99.9% (3 Nines) 9 hriyr

99.99% (4 Nines) 53 min/yr
99.999% (5 Nines) 5 min/yr

99.9999% (6 Nines) 32 seclyr
99.99999% (7 Nines) 3 seclyr

8. Edison Electric Institute, Underground vs. Overhead Distribution Wires: Issues to Consider, May 2000.
(www.eei.org) The transmission portion of the grid is a network of overlapping connections that provides
redundancy and generally a high level of reliability. These overlaps allow system operators to correct for
power plant outages or transmission line problems by routing available power capacity along alternative
links in the transmission network. In contrast, distribution system design contains fewer overlapping link-
ages as feeders extend more linearly into customer territory. Although sectionalizing switches enable one
area to draw power from another, outages at the distribution level are less easily averted, and therefore
more common.

9. Edison Electric Institute, ibid.
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I11. Historical Perspective on Reliability Prior to
Restructuring

Roles and Responsibilities

During the 1970s and 1980s, prior to the industry restructuring of the 1990s, vertically
integrated utilities dominated the marketplace as regulated monopolies with exclusive
responsibility for specific service territories. These companies owned, controlled, and
operated their own central plant systems of local or regional generation, transmission,
and distribution. Regulators rewarded utility investmentsin infrastructure reliability with
customer rate structures that ensured profitability. In this protected market, responsibility
for reliability was shared among various organizations, including the North American
Electric Reliability Council (NERC), state and federal regulators, and utilities. No single
regulatory body or industry organization held overall accountability for every aspect of
reliability. These playersreadily collaborated in amostly voluntary environment to
ensure appropriate planning was conducted and system and operational improvements
wereimplemented. Individud utilities often cooperated by forming power pools, and
created strong interconnecting links among their systems to provide mutual support and
increase system efficiency and reliability.

This approach worked well as the players were few and not likely to be competitors.
Customers expected the utilities to ensure reliability, and utilities provided it through
robust development of the transmission and distribution system, and through adequate
reserve margin of central station capacity. Margin capacity remained strong in the 1980s
due to mgjor generation capacity additions during the prior decade. While there were
isolated reliability events, there was no pattern of repeated outages or energy aerts that
would indicate significant problems or pockets of weakness in the delivery system.

Engineering Solutions

Traditionaly, utilities have proposed projects to improve reliability or capacity in trans-
mission and distribution systemsin response to their planning forecasts, operationa
problems, and/or customer request and complaints. Idedlly, these improvements have
been made as part of a comprehensive generation/transmission/distribution plan in the
case of avertically integrated utility. Apart from the addition of major new central gener-
ating plants, the scope of these projects has ranged from increasing the size of a
customer's service to constructing new transmission lines and substations. In many
cases, improvements such as these have been expensive and required many yearsto
recover the investment after the facilities were placed in the rate base. Fortunately, such
improvements typically have benefited many customers, making the costs justifiable.
There areinstances, however, when such improvements have benefited only asmall
group or even a single customer, making the investment less attractive from the perspec-
tive of the system as awhole. Siting and permitting requirements have also been impor-
tant forces affecting traditional solutions, creating projects with very long lead-times and
high costs.
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service.

Power system operators have also routingly raised reliability by managing operationsto
more closaly coordinate linkages between the different generation, transmission, and
distribution elements of a system. For example, selected generation and transmission
segments can be operated together to maximize their joint capacity, while peak demand
delivery curtailments, rolling blackouts, and urgent appeals to customers for voluntarily
power outbacks aso have been effective.

Some reliahility solutions have been implemented at customer sites, primarily through
on-site backup power ingtalations at commercia and industrid facilities. Backup power
generation equipment (one form of DG), often linked with uninterruptible power sup-
plies (UPS), has been available for over adecade to support critical company operations
for afew minutes or hours during outages and to address other power quality problems.
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IV. Current Industry Trends and Their Effects on
Traditional Reliability

Weakened Roles and Responsibilities

Federa and state legidative and regulatory actions since 1992, including the U.S.
Energy Policy Act of 1992; the Federal Energy Regulatory Commission (FERC) Orders
888, 889, and 2000; and individual state restructuring legidation and regulations, have
progressively introduced new types of players, structures, and rules to the market, effec-
tively fragmenting and diluting existing responsibilities for reliability.l© Market-based
reliability solutions are still embryonic and not widely offered because market compen-
sationisunclear.

Thistransition period to competition has made it clear that the old collaborative, volun-
tary approach is difficult, if not impossible, to usein arestructured electric industry.
Deregulation hasimplicitly spread responsibility for reliability over many more stake-
holders that now include FERC, NERC, generation companies (GenCos), transmission
companies (TransCos), distribution companies (DisCos), retail energy service providers,
Regiona Transmission Operators (RTOs), and independent system operators (1S0s).
Some of these entities are actua or potential competitors. At the same time, control and
responsibility have been reduced or taken away from some longstanding players and
their traditional tools for ensuring rdiability have been weakened. In some jurisdictions,
permitting and siting requirements and other relevant rules and laws have not been
updated to reflect these restructuring changes.

Evidence of these industry changesis apparent throughout the system. Power system
managers cooperate less than before, due to the unbundling of vertically integrated utili-
tiesinto separate generation, transmission, and distribution business entities. Wires com-
panies still see reliability as aprimary mission, but these new entities often lack the
regulatory permission and market incentives to collaborate with other market partici-
pants on electric power system operation and capacity planning to meet consumer
demands. The transmission system that was designed for reliability in a non-competitive
market is now increasingly used for complex commerce by wholesale energy sdllers
who bid for transmission system capacity as acommodity and transfer their electricity
between regions. Responsibility for maintaining adequate generation capacity is often no
longer the role of a single generation company. Instead, energy companiesin restruc-
tured markets view generation as a competitive opportunity that may be pursued or

10. The U.S. Energy Policy Act of 1992 mandated the expansion of wholesale electricity competition. Federal
Energy Regulatory Commission (FERC), Order 888 (issued April 24, 1996), Order 889 (issued April 24,
1996), Order 2000 (issued December 20, 1999), (www.ferc.fed.us/newsl/isuances). Order 888 promoted
both the wholesale competition through open access non-discriminatory transmission services offered by
public utilities, and through the recovery of stranded costs by public utilities and transmitting utilities. Order
889 requires utilities that own, control, or operate facilities used for the transmission of electric energy in
interstate commerce to create or participate in a real time information network that will provide open access
transmission customers with data on available transmission capacity, prices, and other information that will
enable them to obtain open access non-discriminatory transmission service. Order 2000 seeks to improve
market performance through the formation of independent Regional Transmission Organizations (RTOSs).
These FERC efforts to manage the national transmission system address operational and reliability issues
and eliminate competitive discrimination.
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ignored depending on market price signals and other business considerations. Prior to
deregulation, ancillary services such as system control and dispatch, spinning and non-
spinning reserves, and reactive power were provided as part of bundled energy services.
Now these critical reliability components are treated as separate productsin an embry-
onic market. Other regulatory factors such as costly and time-consuming local siting and
permitting requirements add further complexity by allowing specific reliability problems
to go unsolved.

These industry changes and recent peak period reliability events have led to aloss of

confidence in the consistent reliability of the electric power system among regulators,

industry participants and customers. Their concerns relate to:

- Insufficient generation, transmission, and distribution system capacity

- The absence of responsibility and authority to compel implementation of solutions

- Uncertainty about who will make the necessary investments in power system
infrastructure, and what will be built

- System operation, including dispatch and transmission functions

- The timing and impact of possible new regulatory models (e.g., performance-based
ratemaking)

- High electricity pricing and volatility in many regions of the United States

In summary, thistransitional period of restructuring has not progressed to the point
where traditional reliability roles and responsibilities have been effectively replaced with
market-based incentives. Such market mechanisms are till in development, and include
the buying and selling of energy and ancillary services, and satisfactory driversto
encourage required system expansion and upgrades, especialy for the regulated portions
of the system. Until these mechanisms have been firmly established and their potentia
financial rates of return are understood, market uncertaintieswill continue to discourage
investment.

The Reliability of the System

High-profile power outages and non-outage disturbances during the summers of 1999
and 2000 indicate that important areasin the electric power system do not meet
customer requirements for reliability (Figure 2). In the summer of 1999, outages and
other power disturbances occurred in pockets of the Northeast, Mid-Atlantic, Midwest
and South-Central United States. During that summer, significant portions of New York
City and Chicago were without power for over 24 hours due to local system failures
resulting from high demand. During the summer of 2000, outages occurred most regu-
larly in California, as power system managers regularly announced energy aerts.
Reserve marginsin that state dipped below 5 percent at least 21 times during athree-
month period, 14 of which resulted in voluntary |oad shedding.!!  In the same
timeframe, states in the Southwest issued similar derts, including Arizona and Texas (10
timesin afive-month period). New England and the PIM 1SO service area (dl or part of

11. California ISO, Cal ISO PowerWatch 2000 archives, located on the California ISO website
(www.caiso.com/newsroom/pw200).
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Virginia, Maryland, Delaware, New Jersey, Pennsylvaniaand Washington, D.C.) also High-profile power
had atotal of eight incidents of voluntary load shedding, despite the cool summer in

these regions in 2000.12 outages and other
disturbances during the
Asimportant as these outages and other reliability declines have been, localized hot SUIINErs of 1999 and

spots are often not reflected in broad industry measures of reliability. For example, .
Californiais located within the NERC Western Systems Coordinating Coundil (wsce) 2000 indicate that
region (i.e., the Northwest Power Pool Area, and the Rocky Mountain, Arizona-New z'mpormnt areas in the
Mexico-Southern Nevada, and California-Mexico Power Areas) that reported ahigh
overal generation capacity margins for the summer of 2000, as seen in Figure 3.
Traditional utility service interruption statistics (e.g., SAIFI and SAIDI) reported to state 7201 772¢et clistornzer
regulators also might not provide an adequate measure of reliability among customers requirements for
who do experience extended or repeated interruptions.!3

electric power system do

reliability.
Figure 2. Examples of Local Weaknesses in the Electric Power Systems
Califorina New York City/Long Island
Instituted voluntary load shedding 14 NYC and Long Island have a peak load of
times for a total of 16,000 MW from June- 14,840 MW with a combined capacity and New En‘gland
August 2000, with more likely to come in import capability of 19,021 MW. With demand ISO NE issued 6 voluntary
the fall. growing, ISO published that "after summer load curtailments in 2000
2000, the New York Control Area will not be and 11 during the summer

able to meet NPCC adequacy criteria.” of 1999.

] Boston/Connecticut

e, Transmission into Boston
g is often heavily congested.
Connecticut also has

y-Generation congestion problems.

Delmarva

S. Delmarva had 13
emergency generation
and/or manual load dump
warnings in summer of
2000, and continues to
pose problems to grid. No
grid upgrades are
planned, as S. Delmarva
is rural.

annual load growth and
insufficient generation and
transmission capacity into
the area.

Texas
ERCOT had 10 incidents of
voluntary load curtailment
resulting in 9,407 MW shed
as of September 2000.

Houston has excess
generation but lacks export
transmission capability.

12. PIM Heavy Load Days 2000 archive, (www.pjm.com/ecmsgsh/index), and NE ISO OP/4 Archives
(www.iso-ne.com/power_system/op4_archives)

13. Utilities frequently report outage statistics that include their entire service territory (SAIFI, SAIDI, and
MAIFI), as opposed to others (CAIFI and CAIDI) that state the frequency and duration of interruptions
among those who experience these outages. This practice can, in effect, mask zones of weakness within a
system-wide average. These reliability measures are defined and discussed further in the Appendix.
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Analysis of these
reliability events of the
summers of 1999 and
2000 reveals causal
similarities, including
difficulties in the
transition to competitive
markets, inadequate
system investment, and
utility violations of
reliability guidelines.

Figure 3. Trends in NERC Summer Capacity Margins By Region
NERC Projected Regional Generation Capacity Margins
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Source: NERC, ADL

Anaysis of these reliability events of the summers of 1999 and 2000 reveals causal Sim-
ilarities. The US Department of Energy (DOE) formed a Power Outage Study Team
(POST) to study significant electric power outages and other disturbances during the
summer of 1999, and published areport detailing the team's findings.!4 Separately,
Arthur D. Little researched causal patterns for the events of the summer of 2000, and the
FERC hasinvestigated the summer of 2000 eventsin Californial> These analysesindi-
cate that the transition to competitive service markets was a moderate to high factor in
nearly al of the outages and disturbances studied. Inadequate state and federd regula-
tory policy for reliable transmission and distribution was a so frequently identified asa
cause, and cited by DOE for "...not providing adequate incentives for utilitiesto main-
tain and upgrade facilities to provide an acceptable level of reliability."16 Uncertainties
related to deregulation have also affected timing and geographic coverage issues for
investmentsin new generation facilities. These regulatory influences have been intensi-
fied by aged and deteriorating infrastructure, especiadly in densely developed cities.

Available infrastructure capacity and investment data support these conclusions. The
shortage of adequate electricity generation cited above is reflected in substandard gener-
ation capacity marginsin some U.S. regions. NERC projections of overall generation
capacity margins during the U.S. peak summer season have declined from 22 percent in
1991 to the generaly accepted minimum industry standard of 15 percent in 2000.
Viewed individualy, half of the NERC regions are currently experiencing levels below

14. U.S. Department of Energy (DOE), Final Report of the U.S. DOE Power Outage Study Team (POST),
March 2000.

15. Federal Energy Regulatory Commission, Staff Report to the Federal Energy Regulatory Commission on
Western Markets and the Causes of the Summer 2000 Price Abnormalities, Part 1 of Staff report on U.S.
Bulk Power Markets, November 1, 2000.

16. U.S. Department of Energy (DOE), Interim Report of Report of the U.S. DOE Power Outage Study Team
(POST), January 2000, p. S-2.

10 An Arthur D. Little White Paper



15 percent, and are projected to worsen further (Figure 3).17 The historical deterioration
of the transmission system has been be tracked Statistically by the Edison Electric

Institute (EEI), demonstrating that decreasing investment initially set the stage, and later
became a key factor in the transmission infrastructure's inability to meet market demand.

While stress on the transmission system has increased, magjor bulk system transmission
outages (defined as those lasting more than 15 minutes and affecting over 50,000 cus-
tomers) have declined in recent years. This may be areflection of astrong commitment
to designing in and maintaining transmission reliability on the part of utilities and system
operators. Despite generaly high performance in limiting the number of transmission
outages, there have been some notable exceptions in recent years such as the June and
August 1996 western blackouts. The magnitude of these outages was due in part to
heavy transfers on critical transmission lines.18

Bulk system reliability has a so suffered from peak period system management prac-
tices. NERC has noted that deregulation has led various operators of bulk eectric sys-
tems to support their own networks through reduced cooperation with other operators,
causing a"marked increase in the number and seriousness of violations of voluntary
reliability rules."19 Although disregard for the policies of NERC and its regional coun-
cils has jeopardized the rdiability of its three major interconnection regions and their
ability to respond to additional contingencies, NERC holds no enforcement authority to
correct the situation. NERC has observed that "little or no effective recourse exists
today...to correct such behavior."20

Looking ahead during thistransitional period of deregulation, planned increasesin gen-
eration capacity over the next threeto five years are expected to result in valuable but
incomplete system reliability coverage. Recent new generation plant proposals have the
potentia to substantially expand overall capacity in some regions, as shown in Figure 3,
but successis not guaranteed. These projects are subject to al of the financing, siting
and permitting risks of larger central generation plantsin deregulated markets. Also, the
majority of the new plant proposals are from non-utility developers and their investors,
and are targeted for peaking applications. Their decisions to proceed will be extremely
senditive to changing market conditions, and regulatory policies such as price caps can
contribute to concerns about investment return.

Even if sufficient new supplies of generation are added, planned transmission capacity
additions may not be capable of bringing all this new capacity to market. Despite the
need for substantial new transmission capability, NERC and EEI both state that current
plans may well be insufficient for new demand.2! Thisis due to both inadequate invest-

17. ADL analysis of data included in NERC Energy Supply and Demand for 2000, NERC, 2000.

18. U.S. Department of Energy, The Electric Power Outages in the Western United States, July 2-3, 1996
(DOE/P0O-0050), August 1996.

19. North American Electric Reliability Council, ibid., page 4. Additional information on voluntary rule violations
is provided in the Appendix.

20. North American Electric Reliability Council, ibid., page 4.
As a result of this continuing pattern of reliability violations, NERC and other industry organizations have
advocated federal legislation to create a single, industry-based Electric Reliability Organization (ERO) as a
successor to NERC. The ERO would develop and enforce mandatory reliability rules with FERC oversight.
The legislation containing this proposal has not yet been passed by Congress.

21. North American Electric Reliability Council, ibid; Hirst, ibid.
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The fragmented but
significant U.S. power
system reliability
problems can be
expected to persist.

ment and poor coordinated planning of transmission and generation additions. With
respect to distribution systems, reports to FERC are incomplete on local utility improve-
ments, but available data do not indicate a pattern of spending increases among most
regulated DisCos commensurate with expected future market demand.22 The challenge
of satisfying the market's power requirementsis accentuated by unanticipated additions
and shiftsin load demand due to rapid changes in development patterns and the impacts
of large customers' speciaized requirements (e.g., for internet and data processing opera-
tions).

In summary, there are severa key indicators of the emergence of zones of peak period

reliability weaknessin the U.S. eectric power system:

- Service interruptions and the increased use of voluntary reductions in consumption to
protect the electric system in various arveas of the country

- Several NERC regional generation capacity margins that are now below the generally
accepted 15 percent threshold during summer peaking, and projected to decline further
over the next eight years

- Transmission, and distribution system constraints that compound the regional shortfalls
In generation capacity

- Patterns of insufficient infrastructure investment, due recently in large part to
restructuring uncertainties

- Peak period system management practices by some operators of bulk electric systems
that bave at times jeopardized the reliability of the three major NERC interconnection
regions and their ability to respond to additional contingencies.

Current difficulties may be resolved in some geographic areas, but new areas of capacity
constraint can be expected to emerge as the eectric power industry continues to struggle
to match local systems against continuing market growth. The fragmented but signifi-
cant U.S. reliability problems can be expected to persist, due to avariety of factors,
including accelerated market demand in some areas, existing infrastructure capacity
shortfalls, investment uncertainties, and long central plant project completion timelines.

Public Perspectives on Reliability

There is a heightened awareness of reliability among customers, particularly in those
areas of the country experiencing the effects of shortfallsin generation, transmission,
and distribution capacity. A recent survey of residential customers found that after price,
reliability isthe most important consideration in switching electricity suppliers.2
Reductionsin reliability can cause commercia and industrial financial losses through:
- Lost productivity

- Process disruptions and restarts

- Losses in finished products and raw materials

- Equipment damage

- Canceled contracts

- Penalties for failing to meet obligations

- Lost customers

22.Resource Data International (FTEnergy Company), POWERDAT; Arthur D. Little, Inc.
23.Red Herring Magazine, “Energy Positive Currents,” July 2000, page 308.

12 An Arthur D. Little White Paper



The economic impact of electric reliability on customers can continue even after power
isrestored. Hewlett-Packard reports that a 20-minute outage at a circuit fabrication plant
would result in the loss of aday's production at a cost of $30 million.2+ The value of
reliability varies by customer type. At one end of the spectrum are those for whom out-
ages of afew minutes or hours are generally inconvenient but not severe. Thiswould
include, for example, homeowners and busi nesses whaose activities are not heavily
dependent on a completely uninterrupted supply of eectricity. In fact, these types of
customers may be willing to be subject to these outages either in exchange for alower
electricity rate, or to avoid having to pay more to achieve higher reliability. At the other
end of the spectrum are companies and other organizations for whom the effects of out-
ages are relatively acute. For these customers, outages can cost tens of thousands of
dollarsto millions of dollars per incident (Figure 4).

Figure 4. The Costs of Outage for Selected Commercial Customers

Industry Average Cost of Downtime

Cellular Communications $41,000 per hour

Telephone Ticket Sales $72,000 per hour

Airline Reservations $90,000 per hour
Credit Card Operations $2,580,000 per hour
Brokerage Operations $6,480,000 per hour

Source: Leiter, David,"Distributed Energy Resources", prepared by the U.S.
Department of Energy for Fuel Cell Summit IV, May 10, 2000, Washington DC.

While smaller commercia customers do not typically experience losses of this magni-
tude, severe outages can have proportionally similar impacts with respect to their elec-
tricity costs. This demonstratesin a different way the value of reliability with respect to
the basic price of power. Figure 5 shows an analysis of results from a Cdifornia Energy
Commission survey that measured the impacts of a severe outage on commercial cus-
tomers. Theratio of severe outage costs to annual electricity costs was calculated for
various sizes of commercia businesses, as measured by number of employees. In this

analysis, regardless of business size, one severe outage is equivaent to approximately 75

percent to 125 percent of a customer's annual electricity expenditures. A severe outage

for asmall or moderate-sized business can therefore be just as damaging to its operations

as an outage impacting alarge business. While many larger businesses install back-up
generators, smaller customers can find back-up generation too costly, even after factor-
ing in therisk of high outage costs.

24. Silicon Valley Manufacturing Group Website: (www.projections.org/energy)
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The speed of the
economy, increasing
productivity needs, and
the expectations of
consumers are strong
influences on electric
service reliability
requirements that can
only be realized by

continued improvemnents.

Figure 5. Costs of a Severe Outage for Commercial Customers as a
Percentage of Electricity Expenditures
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Source: ADL Analysis of California Energy Commission Report, Survey of Implications to California of
the August 10, 1996 Western States Power Outage, June 1997. ADL analysis was based on commercial
customers survey responses to questions concerning a worst case electrical outage.

Customersthat have experienced these outages or are aware of the potential for outages
view reliability more critically than others. Their increased uncertainty and concernis
leading them to consider their options far more carefully, including creation of their own
solutions that, at least to some degree, could be independent of the traditional electric
power system. In California during the spring of 2000, the Silicon Valley Manufacturing
Group, ahigh-technology manufacturers trade association whose members have partic-
ularly high reliability requirements, reacted to these outages by beginning to work
aggressively on both short- and long-term electric power supply issues, including con-
Sideration of DG.

The speed of the economy, increasing productivity needs, and the expectations of con-
sumers are strong influences on dectric service reliability requirements. Even small
companies are now adopting cost-cutting and efficiency measures such asjust-in-time
inventory that require high levels of power reliability for themselves and often their
suppliers. Consumers will continue to demand faster, more convenient service that can
only berealized by continued improvementsin electric religbility.

The shift in the U.S. from a manufacturing economy to an information economy also
requires more dependence on computer networks and telecommunications that have
particularly high reliability requirements. The U.S, economy (both old and new) is
increasingly reliant on computer networks, particularly for e-commerce applications.
These telecommuni cations and computer network applications have extremely high
demands for reliability (99.999+ percent) that exceed what the electric power system
currently capable of delivering (approximately 99.0-99.99 percent). In these situations,
customers purchase customized on-site reliability technology solutions that typically
involve DG. These very high levels of reliability represent the leading edge of a broad
trend towards alower tolerance for service interruptions.
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Thereis active debate on the amount of energy consumption represented by Internet and
e-commerce and how much thistype of eectricity usage will grow.2s Current estimates
of electricity consumption related to the Internet range from 3-13% for 1999 and some
studies have estimated that this could approach one-half of total consumption by 2010.26
Regardless of where in these ranges the actual current and projected levels of consump-
tion lie, computer network eectricity consumption is now significant, growing fast, and
will haveincreasingly important implications for electric power supply reliability needs.

Reliability is also expected to be ahigher priority in the home as work patternsin the
economy shift. In the past, residential customers viewed power outages as an inconve-
nience rather than in financia terms, but this may change as increasing numbers of
Americans become telecommuters.?’  In 1999, there were 19.6 million telecommuters
inthe U.S., up 25 percent from 1998 and 125 percent from 1996.28 Thisgrowthis
being driven by advancements in technology (i.e., tedecommunications and the Internet)
aswell as changing lifestyles.29

In summary, the value of reliability for eectricity consumers varies widely. Economic,
social, and technology trends will cause customer standards for reliability to continue to
increase over time. The public’s awareness of its reliability requirements and its uncer-
tainties about the ability of the power system to meet customer needs will be hightened
in particular among those experiencing outages or voluntary reductions. It will bethis
customer group that can be expected to most aggressively pursue solutions to ensure its
own reliability.

25. Statement of Jay E. Hakes (Administrator, Energy Information Administration U.S. Department of Energy)
before the Subcommittee on National Economic Growth, Natural Resources and Regulatory Affairs
Committee on Government Reform, United States House of Representatives - February 2, 2000.

26. Lawrence Berkeley National Laboratory Website (www.lbl.gov); Mills, M. The Internet Begins with Coal,
The Greening Earth Society, May 1999.

27. California Energy Commission Report, Survey of Implications to California of the August 10, 1996 Western
States Power Outage, June 1997.

28. International Telework Association and Council (www.telecommute.org)

29. Ibid.
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DG can provide
policymakers, regulators,
wires companies, and
customers with multiple
options to increase

reliability.

V. Distributed Generation

Overview

DG can provide policymakers, regulators, wires companies, and customers with multiple

optionsto increase reliability. The potential benefits of DG in addressing reliability con-

cerns were specifically recognized in the DOE POST study as away to "respond more

rapidly to an increased demand for electricity in areas where demand is already high."30

DG can beinstalled within the distribution system or at a customer's site, as a separate

solution or in combination with market-driven incentives such as interruptible programs,

to improve religbility by:

- Adding generation capacity at the customer site for continuous power and backup
supply

- Adding system generation capacity

- Freeing up additional system generation, transmission and distribution capacity

- Relieve a transmission and distribution bottlenecks

- Supporting power system maintenance or restoration operations with generation of
temporary backup power

DG can be operated at selected times, such as during peak periods or severe weather
events when the probability of outages are highest or when a customer has scheduled
specific operations that are highly sensitive to outages. Alternatively, DG can be oper-
ated continuoudly either in parallel with the e ectric power system to provide a portion of
normal demand, or as a complete standalone source of power to satisfy total demand.
DG can be implemented at the customer site by avariety of market participants, depend-
ing on local rules.

DG technologies vary in size, application, and efficiency. Technology performance and
degree of commercialization must match with project operating requirements.3! Some
DG technologies, such as reciprocating engines, gas turbines, and photovoltaics, have
been commercially successful for decades. Relative newcomers—fuel cells, microtur-
bines and Stirling engines—are being introduced today, with substantial improvements
expected within the next few years. DG can be combined with energy and storage power
quality technologiesto further enhance reliability and provide a customized power solu-
tion.

In customer-sited applications, whether deployed to satisfy afacility'stotal energy needs
or to supplement the grid power supply, DG can alow the customer to obtain higher
reliability than is available from the grid a one. However, the DG design must be prop-
erly sized and configured. DG will not always offer a superior, cost-effective reiability
solution. When evaluating the reliability of a DG application, one must also consider
factors such as the forced outage rate of the unit, fuel supply, environmental limits on

30. U.S. Department of Energy, Report of Report of the U.S. DOE Power Outage Study Team (POST), March
2000, page 20.
31. Summary profiles of DG technologies are provided in the Appendix.
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emissions and/or run time. Therdliability of an individua DG unit does not equal that Some utilities and
offered by the grid. However, when multiple DG units are used, or asingle DG unit is

used in conjunction with the grid, the resulting reliability can surpass that offered by the
grid When used in combined heat and power applicationsto achieve high levels of making good but limited

customers are already

energy efficiency viathermal recovery of DG thermal exhaust, or when implemented to u the DG obtion t

provide dectricity cost savings, DG can provide added benefits to complement reliabil- % of ¢ , ,O{D oo
ity. DG's potential benefits are greatest when it is operated in parallel with the grid to support reliability, both
provide maximum operational flexibility. m individual customer

In those situations where DG can increase reliability, it may aso provide other advan- imstallations and as an

tages over traditional approaches, including being: important element in
- Flexible, including operation either as an islanded solution or in conjunction with the utility and 1SO
grid

- Sited and installed faster than conventional solutions HHITLATIDES.
- Deployed to avoid or postpone potentially more expensive transmission and distribution
upgrades
- Used in combination with energy storage and other power quality technologies for
customized premium power solutions
- Able to provide non-reliability benefits including implementation as a more energy
efficient on-site option than grid power in BCHP (building combined beating, cooling,
and power), and providing electricity cost savings

DG can be deployed asindividua units or as an aggregated network to leverage the
collective benefits of scale. For example, acontrol center could monitor the energy
requirements of a network of commercial and/or industrial facilities equipped with DG,
dispatching energy assets as required from one central point. This approach could satisfy
thereliability needs of multiple facilities by balancing their individua use of DG against
energy supply constraints and other market conditions on the grid. Similarly, a utility
could operate an array of DG indd lations strategically placed on its distribution system
or even, asis shown in the case studies below, at customers sites. Contractua agree-
ments between customers and utilities and/or system operators can ensure coordination
and also maximize the effectiveness of other reliability initiatives such as curtailment
programs.

Some utilities and customers are aready making good but limited use of the DG option
to support reliability, both in individual customer ingtalations and as an important ele-
ment in utility and 1SO initiatives. This strategy frees up generation capecity on the sys-
tem while alowing the customer to avoid loss of power for essentia operations and
exercise conservation where appropriate.

Three case studies are presented below to illustrate the two genera approachesto
deploying DG to improve reliability, the choice of which is dependent on the form of
organization controlling the DG:

- Utility, wires company or ISO
- Customer or Energy Services Company (ESCo)
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The IMEA saw an
opportunity to provide
additional value to its
members’ key accounts
by improving reliability
through DG.

DG Controlled by Utility, Wires Company, or 1SO

For autility, wires company, or 1SO, DG can add generation capacity to the system and
relieve specific transmission and distribution constraints, and can be implemented by a
variety of market participants. If permitted by regulators, distribution utilities could
either own and operate the DG unit (including customer-sited DG) or contract with an
unregulated provider to do so. The incentive for the distribution utility depends on how
thefinancia benefits and costs from the operation of the unit are shared among the
affected parties, including the distribution utility, the DG service provider, and the cus-
tomer. As seen in the second case study, the | SO can also operate the DG unit(s),
although another party such asthe DisCo, an ESCo, athird party, or a customer would
own theinstallation. Again, these partieswould enter into thistype of arrangement if
they received sufficient benefits.

If autility isnot alowed to own DG, it may be able enter into an arrangement with
another party such as an ESCo or a customer with an on-site unit that is allowed to own
generation capacity. Again, from the utility's perspective, thiswould make sense aslong
asit receives sufficient benefit from the arrangement (e.g., lowest cost additional capac-
ity) and is alowed by regulators to recover any DG-related costs plus areturn.

The lllinois Municipal Electric Agency (IMEA) is a non-profit organization that purchases
electricity for 39 municipal electric utilities in lllinois. In response to deregulation, the mem-
bers of IMEA have identified key accounts that are not only important to IMEA but are also
vital to the economic well-being of the communities that its members serve. While key-
account customers were generally pleased with the level of service they were receiving,
IMEA saw an opportunity to provide additional value to its members’ key accounts by
improving reliability through DG. The key-account customers most vulnerable to interrup-
tions were manufacturers operating their businesses with "just-in-time" contracts, under
the terms of which they would pay severe penalties for failing to fill orders on schedule.
Power outages can cost these manufacturers $300,000 to $600,000 per hour.

In addition, IMEA was faced with growing peak demand and changes in contracts with
major power providers that created a shortfall in its near-term power supply requirements.
However, it would not have been economically possible for IMEA to cover this potential
deficiency by purchasing firm capacity on the market in advance. Also, the "agency was
uncomfortable with the risk of purchasing this amount of capacity on an hourly basis as
needed...when prices have soared to unprecedented levels in recent years."32 To
respond to these needs, IMEA developed the Just In Time Key Accounts (JITKA) program.
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32.Ronald D. Earl, “Distributive Generation and Just In Time Key Account (JITKA) Program (Plus...IRP
2000),” llinois Municipal Electric Agency, September 21, 2000, page 5.
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In the JITKA program, the IMEA utility member purchases and installs quick-start 1.8MW genera-
tors at its participating customers' sites (Figure 6). IMEA pays these members a capacity pay-
ment of $3.20/kW-month to have this generation available for IMEA to dispatch during the five
summer months. In the event of an outage, the generation is also used to provide emergency
power to that customer. In the implementation of JITKA, IMEA stipulated that its members could
not use the equipment to ‘peak shave' load requirements to reduce Agency billing. In addition,
the members are responsible for interconnection and environmental permitting. Credits for each
installation are approximately $150,000 over a five-year period, about 1/3 the installed cost of the
generation equipment. The program has been accepted by IMEA's members, their customers,
and the community. Ten key accounts (totaling 20 MW) are now served under the JITKA pro-
gram and IMEA is planning for expanded participation.

Figure 6. IMEA JITKA Program Summary

Capacity Payment
($3. 20/kW-month)
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Capacity from

In the fITKA program,
the IMEA member
purchases and installs
quick-start 1.8MW
generators at its
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Ownership and Operation

IMEA Benefits IMEA Member Benefits

Stable, competitive pricing for
summer peaking capacity,
protecting IMEA from uncertainties
of hourly prices that have gone as
high as $9,000 MWhr

Increased key account
satisfaction

Less key account desire to wheel
electricity

Possible deferrment of IMEA need
for transmission or large-scale
generation facilities

Increased electric sales due to
plant expansions or less sales
lost due to outages

Higher level of sales to expanding
accounts and retention of key
accounts who are less likely to
wheel electricity

Increased value of the municipal
utility as each generator has an
initial value of $450,000
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Engine

Customer Benefits

Increased electric reliability,
preventing electric service
interruptions

Increased product sales due to
ability to prove to assembly plants
that electric outages are unlikely,
resulting in secured contracts

Decreased unit operating costs

and insurance costs related to
lost production policy premiums
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The PFM program
demonstrates one broad-
based approach for using
DG to improve system
reliability, with
customers being
reimbursed based on

kWh relief supplied.
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PJM Interconnection integrated existing on-site DG into its Customer Load Reduction
(CLR) Pilot Program.33 The CLR Program was developed during spring 2000 in anticipa-
tion of potential exhaustion of capacity margins during the coming summer's peak periods.
Although PJM experienced capacity constraints during the summer of 2000, the relatively
mild weather overall allowed it to avoid declaring an Energy Emergency that would have
triggered program activation. Nevertheless, the program demonstrates one broad-based
approach for using DG to improve system reliability, and PJM has stated that the current
program will be the basis for future initiatives.

The CLR Pilot Program was PJM's response to a FERC order issued in May 2000 to
encourage continued electric power system reliability in the summer of 2000. It was
designed to allow PJM to help relieve anticipated system constraints and observe how DG
could participate in PJIM emergency procedures, especially the equipment's emergency,
back-up, and load reduction capabilities. End users would receive economic incentives to
reduce load on the electric power system. This pilot reliability program was in force from
the beginning of July through the end of September, and was to be activated when PJIM
declared Maximum Emergency Generation prior to purchasing emergency energy from
outside its territory.

Qualifying program participants had to be able to either 1) completely disconnect from the
local distribution system and supply required load via local generators, or 2) reduce a mea-
surable and verifiable portion of their load. In addition, individual participants were required
to:

Be capable of reducing at least 100 kW of load

Be able to participate for a total of at least 10 hours over the pilot operating period

Be available any hours between 9 a.m. and 10 p.m. seven days a week

Be capable of achieving full reduction within one hour of PIM's request to reduce load

Be capable of receiving PJM notification

Meet the metering requirements to verify the load reduction

Customer participants would be reimbursed based on the kwWh relief they supplied, with
PJM paying the higher of the appropriate PJM zonal Locational Marginal Price or
$500/MWh. All program charges were to be allocated to the purchasers of energy in pro-
portion to their net purchases from the PJM energy market during the hour. Among the 52
sites with a total of 102 MW that applied for the program, PJM approved 43 sites for a total
of 80 MW of potential load reduction. The largest site offered a 15 MW load reduction, and
the smallest offered 120 kW. PJM estimates that approximately 40 MW represented DG
capacity.

The PJM DG Users Group formed to develop and oversee the program observed that the
strengths of the initiative included its voluntary nature and the associated lack of any penal-
ties, its simplicity and flexibility, and a relatively good potential return upon implementation.
The group identified the negative aspects of the program to be the rudimentary nature of
notification (e-mail or pager) and the lack of a guaranteed revenue stream (i.e., no compen-
sation if not called on in an energy emergency). Metering was a major issue for some cus-
tomers due to the installation expense and the uncertainty involved with the calculation of
the actual load reduction as prescribed by the pilot program. During the winter of 2000-
2001, the Users Group expects to focus its efforts on designing a long-term program incor-
porating DG into PJM emergency procedures for implementation by summer 2001.
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33. PJM Interconnection, PJM Customer Load Reduction Pilot Program, updated July 14, 2000 (www.pjm.org)
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DG Controlled by the Customer or ESCO

DG can be deployed at a customer's site to deliver backup power or to provide uninter-
rupted power when operated in conjunction with the electric power system and/or with
energy storage technology. The customer could own and/or operate the DG unit, or con-
tract with athird party such as an ESCO to provide these services. DG facilities can be

managed individually or as a networked pool in this option.

Power supply constraints in some regions of California have compelled many businesses,
including hospitals, to shed significant load, often with little warning.34 These curtailments
have demonstrated many hospitals' need for additional reliability planning. A few hospitals
with environmental permits that allow the practice, are activating their standby units as DG
during summer peaks for their own essential operations when they elect to respond to utility
requests to curtail power from the grid. While this option may not be appropriate for all
hospitals, this case study highlights an important set of problems and choices, and a poten-
tial DG opportunity that could provide benefits for these institutions and the electric power
system.

Many California hospitals participate in interruptible (or "non-firm") electric service programs
for businesses introduced in 1979. These hospitals entered into non-firm contracts to obtain
10 to 15 percent rate discounts. Until recently, the interruptible service option proved to be
attractive for many of these institutions because interruptions were extremely rare. During
the summer of 2000, however, many hospitals with interruptible service were repeatedly
instructed by their utility to reduce their loads to their contracted firm-service levels.
Hospitals that had maintained realistic plans to curtail their loads performed this load shed-
ding without incident. Those with nonexistent or outdated plans either did not respond at all,
or partially complied through measures such as shutting off much-needed air conditioning.
Penalties of up to $9.30/kWh for non-curtailment were severe enough to drastically reduce
or eliminate these hospitals' non-firm savings and increase electric costs significantly.
Facility managers were also frustrated by the frequency of curtailments and that many
curtailment orders reportedly were received late, with many withdrawn and subsequently re-
ordered.

Many of the participating hospitals and other industrial and commercial customers have
reportedly been planning to either withdraw from the interruptible program in fall 2000 or
increase their firm service commitments with their utilities. Responding to the need to
relieve the state's overall generation capacity constraints, the California Public Utilities
Commission (CPUC) opened a rulemaking in October 2000 designed in large part to iden-
tify ways to increase the use of interruptible load programs to "ensure reliable and reason-
ably-priced electric service within California, especially for summer 2001." 35

34. California utilities ordered three Stage-2 non-firm curtailments in 1998, and one in 1999. In 2000, the
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California Independent System Operator (CAISO) has called 27 Stage-1 events, and 21 Stage-2 curtail-
ments as of the end of November. (www.caiso.com/newsroom/pw2000). This case study was prepared

through the assistance of Powel B2B Services, Inc.

35. California Public Utility Commission, "Order Instituting Rulemaking Into The Operation of Interruptible

Load Programs" October, 2000. (www.cpuc.ca.gov)
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Results might be
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Instead of relying on firm rates to ensure adequate power supply, a few hospitals use the
interruptible rate and obtain reliability by deploying their standby emergency generating
systems within their permitted limits as DG during power curtailments. Even with permit
limitations on operation, the reliability benefits of DG during peak curtailment periods has
proven to be significant for some. Two examples include:

- A Northern California hospital with a peak demand of 3 MW and a firm service level of
1 MW joined the interruptible program in 1995. Since that time, it has used its
emergency generation assets within permitted limits to replace curtailed power for
essential operations.

- A hospital located in the Southern California desert currently has a demand of 6.5
MW and firm service level of 2 MW. The facility has managed its load and operated
its DG satisfactorily to compensate for curtailed load without penalty or incident. The
load has increased 2 MW since it joined the interruptible program in 1988 and it is
has become more difficult to curtail without shutting off air conditioning loads. As a
result, the facility is now considering installing more generation or increasing the firm
service level.

Most California hospitals have not yet pursued this DG alternative because of emissions
limitations and/or the fact that power generation is not a core competence, but this might
change to some degree. Continued generation capacity constraints, energy price uncertain-
ties, the CPUC interruptible rate initiative, and other factors in California may increase the
incentives for hospitals there to selectively use their standby generation as DG in the com-
ing years. This could become an even more practical solution for hospitals that must
upgrade their backup power installations to comply with state seismic emergency require-
ments, and select technologies with emissions profiles that would permit increased use.36
Results might be optimized if these facilities were managed as a network, or several net-
works, to increase efficiency and scale. Air pollution control issues will be a critical consid-
eration. If such issues could be resolved, hospitals in California might decide to activate
more of their estimated 500 to 750 MW of existing standby capacity as DG when needed
as both relief for the grid and support for hospital operations.

36. Many hospitals have determined they must replace existing central energy plants to comply with a 1994
California law that requires all acute care hospitals to conform to minimum seismic standards.
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V1. Policy Implications

Public policy should more broadly recognize the potentia for DG to help strengthen Several public policy issues
zones of weaknessin the U.S. power system. Possible costs and risks of DG should also _

be incorporated into policy considerations to ensure fully informed decisions. Several directly relate to DG and
public policy issues relate directly to DG and its capacity to improve electric power reli- its potential to improve
ability, including:

, , reliability: electric rates
- Electric rates and market-oriented programs .
- Interconnection requirements and market-oriented
- Siting and permitting programs, interconnection
S _ _ requirements, and siting
Regulatory ratemaking initiatives should consider severa options that could creste accu- ..
rate price signals to indicate when DG is a cost-effective reliability solution. and permitting.
- Performance-Based Ratemaking (PBR) rewards strategies that increase system load

factors to improve asset utilization. This approach can provide utilities with a financial

incentive to deploy (or allow others to deploy) DG when it is a superior alternative to

the traditional central plant model.
- Markets for ancillary services are only now emerging, because this suite of services

traditionally offered by vertically integrated utilities is being unbundled by

restructuring. Ancillary services are critical to a reliable electric power supply, and

programs that encourage this market create the opportunity for DG to participate in

providing these services.
- Standby and exit fees are potential cost barriers to the adoption of DG, and regulators

should balance the benefits of imposing different magnitudes of these costs against any

net reliability (and other) benefits that might be obtained through the use of DG.

From aretail market or customer perspective, policiesto encourage market-oriented
programs could hel p the customer recognize and select cost-effective reliability options,
including DG when applicable. There are severa aternatives for sending the appropriate
signalsto consumers to support reliability at critical times. In the past, these have
included urgent appedl s to the customer for conservation, as well astime-of-use, curtail-
able and interruptible rates. As deregulation and restructuring proceed, the traditional
rate base funding for load management programs will cease, and market-oriented
approaches will be required to support these activities. Options include real-time and
zonal pricing, along with modified versions of time-of-use, interruptible, and curtailable
rates that are more closely linked to market costs and benefits. Marketplaces can aso be
created to buy and sell demand. Actual eectricity rateswould still be determined by
PUCs and utilities, but retail pricing and marketplace approaches could be structured in a
variety of ways and could be controlled by entities such as 1SOs, retail energy providers,
and other private entities. In arestructured industry, financial support for such reliability
programs will aso depend on their ability to generate explicit benefits.

The technical and economic aspects of interconnection requirements, processes, and
contracts are currently receiving high levels of attention and visibility. Theseissues
affect the flexibility with which DG can be used, including for reliability purposes.
Althoughiit is possible to operate DG equipment in "idand mode," isolated from the
electric power system, many DG customers are expected to prefer or require intercon-
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CONSUMPLIOn.

nection. The Institute of Electrical and Electronics Engineers (IEEE) will complete its
Standard for Interconnecting Distributed Resources with Electric Power Systems
(P1547) in 2001, and thisis expected to serve as the foundation for individual state
requirements.3’ DG interconnection policies are aready being established in several
states (with an eye on the IEEE proceedings) to address DG access to the grid while
ensuring the safety and reliability of the system. Regulatory researchers on thistopic can
consult successful working examples of parallel DG interconnection throughout the
U.S,, and the DG interconnection standards recently adopted by Texas and New York.
The cost of DG compliance with existing interconnection procedural and technical
requirements should be evaluated to ensure that they do not present unnecessary barriers.
Some states have devel oped technical interconnection requirements and review
processes asthe firgt step in creating DG policy. This sequencing of activities resolves
narrower, more technical issues such as approval requirements and the parameters (e.g.,
sizes and types) of DG installations to be alowed, before policymakers consider broader
issues such as ownership, ratemaking, and markets.

Siting and permitting are also key concernsthat can directly influence if and how DG
may be deployed. Policymakers are being asked to consider whether there are opportuni-
ties to reduce the time and cost associated with siting and permitting DG and till pro-
tect—and perhaps even strengthen-the environment, public health and safety, and other
social priorities. Most DG facilities are too small to trigger most states power generation
facility siting requirements, which were established for central plants. However, DG
units may be required to comply with local, state, and regional permitting requirements,
aswell as building and fire codes. Issuestypicdly relate to location-specific concerns.
The main focusis frequently air emissions, but other local sensitivities may include fac-
tors such as noise, aesthetics, land use, and risk communication. Overall, there may be
severd applicable (and potentially overlapping) permits, codes, and requirements, each
with its own separate process, congtituency and decisionmakers.

Air emissions permitting in particular can be acritical DG issue. Emissions profiles may
raise significant concerns, depending on location, air quality conditions, and applicable
regulations. As an energy strategy that can use different technol ogies with vastly differ-
ent environmental profiles, the DG concept itself is environmentally neutral. For exam-
ple, natural gas-powered technologies have lower emissions than diesel engines. Fuel
cellsare lower still, and photovoltaics have no operating emissions at al. New proposed
DG air permitting requirementsin some states may limit choices among these technolo-
gies.

As decisionmakers consider the use of a specific DG technology to improve reliability,
they may need to balance potentially competing issues such as environmental quality,
technology sdlection (including fuel dternatives), and the need for adegquate power sup-
plies, particularly during periods of peak consumption. These peaks typically occur on

37. This will be a national, uniform and voluntary standard for the industry and policymakers. Individual states
may choose to provide additional elements in their own mandatory requirements to address their particular
conditions and needs.
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hot summer days when conservation measures are aready in force and air quality may
be poor. At such peak times, the need for power is often high for home cooling and
essentid activities at locations such as health care facilities, other public service ingtitu-
tions, and heat-sengitive business operations (e.g., data processing centers).

One scenario that might require weighing environmental impacts against other consider-

ationswould be anetwork of DG at various facilities in separate locations to provide

non-spinning system reserves. A network of DG ingtallations, each with quickstart capa-

bility for non-spinning reserves, can be activated as needed in smaller, incremental steps,

as opposed to continuoudly operating the larger central plant to provide the sametotal

amount of non-spinning reserve. Depending on actual market demand, some or al of

these DG facilities might seldom or never be called on, creating lower emissions than

the centrd plant. Alternatively, market conditions might require these DG facilities non-

spinning reserves to be called on frequently to protect system capacity margins, thereby

producing emissionsin their individual locations that could raise local concerns. Policy

tradeoffs in this case could include:

- Technology and fuel selection

- Air permit compliance issues

- Local health risks posed by the expected emission levels at the various DG sites,
compared to those of the central plant

- Any differences in reliability benefits offered by the two options

The varied initiatives to use DG now underway in constrained regions of the U.S. pro-
vide decisonmakers with examples to consider as they shape their own reliability poli-
cies. Through an exchange of information and the selective adoption of workable
solutions aready being devel oped, tested or implemented in other states, it may be pos-
sibleto more rapidly establish acommon understanding of the principles of sound DG
policy. These could include consistent DG equipment performance and interconnection
standards and permitting processes, aswell as methods for alocating DG costs and ben-
efits to create appropriate market price signals.
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VII. Conclusions

There is growing recognition among regulators, utilities, cusomers, and othersthat DG
can be an effective strategy for solving a portion of the fragmented reliability problems
inthe U.S. eectric power system. These problems, caused by numerous specific local
and regiond capacity constraints, are evident during periods of peak demand, and occur
when generation, transmission and/or distribution capacity is inadequate to meet the
rising market demand for increased reliability and power. The chalenge of satisfying the
market's power requirements is accentuated by poor coordination among industry partic-
ipants, and by unanticipated additions and shiftsin load demand. These shiftsare dueto
rapid changes in development patterns and the impacts of large customers speciaized
requirements (e.g., for internet and data processing operations).

DG can be inserted as a customized power generation source at strategic locationswithin
the system or at the customer site to meet specific capacity and reliability requirements.
While central station types of additions to the power system will be required in many
cases to improve reliability, in other instances this approach will not provide a practicd,
cost-effective or timely response to immediate or highly localized reliability needs. In at
least some of these situations, DG can deliver a superior solution and possibly eliminate
or postpone the need for more expensive, large scale system upgrades that are dlower
and more complex to implement. DG can provide added benefits to complement reliabil-
ity when combined with other power quality technologies used in combined heat and
power applicationsto achieve high levels of energy efficiency, and/or implemented to
provide electricity cost savings.

Thistransition period to competitive electric markets has madeit clear that the old col-
laborative, voluntary approach to reliability is difficult, if not impossible, touseina
restructured electric industry. New regulatory policieswill be an important influence on
the development of the necessary market mechanisms to ensure reliability. But in many
jurisdictions, policies do not yet adequately accommodate the consideration of DG.
Decisonmakers may need to create explicit DG procedures and technical requirements
that will allow open consideration of DG both on the system and at the customer site. As
part of this, regulators and other stakeholders will have to confront potentialy significant
barriersinvolving electric rates, interconnection, and siting and permitting. There should
also be recognition of how market-oriented programs can be used to help send appropri-
ate price signals. Rates should provide utilities and other stakeholders with afinancial
incentive to deploy DG when it offers amore cost-effective reliability aternative than
traditional central station remedies. Interconnection requirements should be reasonable,
reflect the technical successes already achieved in the industry, and pose no unnecessary
procedura or financia barriers.

There are numerous DG programs and installations now in place in the United States
and available for regulators to consider as they develop explicit DG policy. These DG
activities are often conducted in conjunction with interruptible or other demand side
management programs. Despite these successes, DG has been deployed on alimited
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scaleto improvereiability, and is still considered to be arelatively novel approach. The
lack of acommon understanding of DG technologies, their capabilities, and related
important technical issues such as DG interconnection with the electric system can effec-
tively discourage its consideration.

Policymakers now have the opportunity to develop DG policiesto help address their
own electric power system reliability concerns by learning from the experiences of col-
leagues in other jurisdictions, and by working with their own stakeholders to apply these
lessonsto local system conditions and markets. If public decisionmakers can implement
effective and consistent DG policies such as consistent equipment performance and
interconnection standards and permitting processes, aswell as methods for allocating
costs and benefits to create appropriate market price signals, DG will be alowed afair
evaluation by the market. Thiswill in turn provide utilities, system operators, energy
service providers and customers throughout the U.S. with the opportunity to consider
DG asaviable and potentially superior option to strengthen electric power reliability.
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Appendix

1. DG Technology Profiles
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2. Utility Reliability Performance Measurements

In the regional and local sections of the grid, the reliability of transmission and distribu-
tion systems are reported in terms of the number and duration of power interruptions or
"outages' per year. The IEEE Standard 1366 contains several reliability indices that
reflect the frequency of these types of outage at the distribution system level. These
indices a so reflect the system managers abilities to minimize the impacts to the distrib-
ution system of upstream reliability problemsin the transmission network and central
generating plants. Utilities maintain and routinely report some or al of this datato public
utility commissions and other stakeholders.

These statistics measure only interruptions of service, and not any voluntary customer
load shedding requested by utilities. While load shedding is effective for avoiding out-
ages, itis, in effect, areduction in acustomer's service availability due to inadequate
supply. In addition, utility reliability reporting requirements vary from state to state,
making direct comparisons difficult, and indicators such as SAIFI and SAIDI average
interruptions across entire service territories during one year. These measures are impor-
tant gauges of system-wide performance, but may not indicate significant local or
regional reliability problems. Regulators often do not require utilities to report statistics
that could provide a better indication of significant but more localized outage problems.
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The table below presentsthese indices.

SAIFI - system average The average number of sustained outages

interruption frequency index (defined as more than five minutes in duration),
per year, per customer over a defined area such
as a utility system or region.

CAIFI - customer average Among customers experiencing sustained

interruption frequency index outages, the average number of outages per
year.

SAIDI - System average The average length of a sustained customer

interruption duration index outage, in minutes.

CAIDI - customer average Among customers experiencing sustained

interruption duration index outages, the average length of the outage.

MAIFI - momentary average  The average number of momentary outages

interruption frequency index (defined as less than five minutes in duration),
per year, per customer over a specified area
such as a utility system or region.

3. NERC Regional Council Reliability Rule Violations

Recent violations include control area disregard for NERC and regional religbility coun-
cil reliability requirements. Policy 5 by failing to properly rebalance load and conse-
quently using emergency reserves as a prolonged source of supply rather than asa
temporary relief measure.! In addition to NERC Policy 5, NERC regional council regu-
lations are @ so violated more frequently. The East Central Area Reliability regional
council (ECAR), whose membersinclude 29 magjor electricity supplierslocated in nine
eadt-central states, published recent violations of ECAR Documents 2 and 3. Document
2 "establishes the minimum level of Daily Operating Reserves to be provided by each
system,” and Document 3, that "sets forth the actions to be taken by ECAR Systemsin
the event that initiation of emergency proceduresis required, including equipment load
reduction at member-owned facilities, reduction of distribution voltages, interruption of
interruptible loads and dropping of firm customer load."?

1. NERC Palicy 5 as defined in an East Central Area Reliability Council (ECAR) Executive Board letter to
CINergy dated December 6, 1999. (www.ecar.org/news)

2. ECAR Document 2: Daily Operating Reserve, June 16, 1998.
ECAR Document 3: Emergency Operations, June 16, 1998.
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4. Glossary of Acronyms

BCHP
CAIDI
CAIFI
CLR
DisCo
DOE
ECAR
EEI
ESCO
FERC
GenCo
IMEA
ISO
JTKA
MAIFI
MW
NERC
PIM

POST
SAIDI
SAIFI
TransCo
UPS

Building Combined Heat and Power

Customer Average Interruption Duration Index
Customer Average Interruption Frequency Index
Customer Load Reduction pilot program (in PIM)
Distribution Company

U.S. Department of Energy

East Central Area Reliability Regiona Council
Edison Electric Institute

Energy Services Company

Federal Energy Regulatory Commission
Generation Company

[llinois Municipal Electric Association
Independent System Operator

Just In Time Key Accounts Program (in IMEA)
Momentary Average I nterruption Frequency Index
Megawatt

North American Electric Reliability Council

The Independent System Operator serving Pennsylvania, New Jersey,
Maryland, Delaware, Virginia, and the District of Columbia.
Power Outage Study Team (DOE)

System Average Interruption Duration Index
System Average Interruption Frequency Index
Transmission Company

Uninterruptible Power Supply
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