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PrREFACE

This paper is one of a series published by the Regulatory Assistance Project on Distributed Resource
Policiesfor state and federd regulators. The reader is encouraged to read the othersin this series
which can found & RAP swebsite: www.raponline.org

This report was prepared by the Regulatory Assistance Project under contract with the National
Renewable Energy Laboratory. The views and opinions expressed herein are gtrictly those of the
authors and do not necessarily agree with, state, or reflect the positions of NREL or those who
commented on the paper during its drafting.

This report was prepared as an account of work sponsored by an agency of the Unites State
government. Neither the United States government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legd ligbility or reponghility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or precess disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any specific commercid
product, process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily congtitute or imply its endorsement, recommendation, or favoring by the Untied States
government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the Untied States government or any agency there
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|. THE SETTING: RELIABILITY CHALLENGES TODAY

The U.S. dectric system isin the midst of atransformation as profound as any change it has
experienced since the emergence of the franchise system early in the last century. The nation is now
dedling with the consequences of this transformation, not al of them anticipated by the advocates of
reform. In particular, the reliability of dectric supply, long taken for granted by most citizens and
governmentd officids, is now amatter of increasing nationa concern. Ralling blackouts, dectric price
gpikes, and power quality issues have become topics of daily news coverage, private conversation, and
public debate.

The rdiagbility of eectric supply, long taken for granted by most citizens and governmentd officids, is
now amaiter of increasing national concern. As summer heat waves and winter cold snaps drive the
demand for power to new pesks and tax an aready-constrained electric grid, policymakers are
consdering what steps can be taken to assure system rdiability in competitive markets, where
traditiona utility rules of price restraint and mutua aid are under siege. The California power criss of
2000-2001 commands nationd attention, but reliability problemsin various forms are arising in dmost
every region of the country.

While new investments in central station generation and tranamission are obvious reactions to rdligbility
chalenges, often looked are the very red reliability benefits that can be captured from distributed
energy resources. end-use efficiency and demand management, customer-owned generation, customer-
supplied ancillary services, and customer responses to improved pricing signasin wholesde and retail
markets. How can these distributed resources enhance dectric system reliability?

A. Underlying Trends

To begin with, it's useful to understand that the “rdiability problem” is not a single problem, but a
cluster of challengesthat arise at the intersection of at least three critica trends:

. Power Quality Demands of the Digital Economy: Firg, thereisagrowing
awareness that continuous power supply and improved power quality are critical
underpinnings of the nation’s post-indudtrid, digital economy. Our economy is
increasingly based upon the continuous red-time flow of informeation, and increasingly
dependent on machines controlled by computer chips. For many high-tech businesses,
power outages are unacceptably expensive.!’ And for many eectric gpplications, from

1. For example, according to Larry Owens of Silicon Valley Power, a blackout costs Sun Microsystems “up to $1
million per minute.” Mike Wallach of Oracle states, “ The impact of momentary interruptions of power is extremely
costly in terms of lost productivity and potentially damaged equipment at Oracle....Whether the electricity was free
or cost three times as much would have absolutely no effect on the cost of our product.” Quoted in Karl Stahlkopf,
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home computers connected to the internet, to commercia banking networks, to multi-
million dollar industria machines controlled by computer chips, even very smdl
varigionsin power qudity can cause troubling and expensive disruptions? The US
DOE now estimates that power outages and other fluctuations in power delivery cost at
least $30 hillion ayear in logt productivity.®

. Effects of Persistent Load Growth: Second, load growth in the United States, and
particularly pesak load growth, have been proceeding a a pace that has put great strains
on our power system infrastructure. Between 1993 and 1997, noncoincident summer
peak load in the US rose from roughly 581,000 MW to 638,000 MW — an increase
of over 56,000 MW in four years.* Thisisthe equivdent of adding a new, 6-state New
England to the nation’s eectrica demand every 18 months. Between 1997 and 2000,
the rate of increase was even more rapid. Nationwide, electric consumption grew 31%
in the decade between 1988 and 1998.> Consumption grew 278,000 GWH (or about
9.7%) between 1993 and 1997 aone.®

According to many estimates, shortages are likely to develop in dmost every one of the
nation’s 10 regiona reliability councilsin the next 5to 7 years.(cite?) Regulators,
legidators, rdiability managers and energy markets are now caling forth a huge wave of
new congruction in centra dtation power plants. The DOE now estimates that meeting
the needs of demand growth and plant retirements will require congtruction of more
than 300,000 MW of new capacity in the next twenty years.

. Abandonment of Integrated Resour ce Planning: Changesin the economy, and
continued widespread |oad growth have been accompanied by another very sgnificant
change in the dectric indugtry: the de-integration of functions that formerly occurred
within tightly-woven franchise operations. There are at least two critica rdiability
consequences. fird, transactions that formerly occurred within integrated franchises are
now increasingly occurring in the regiona wholesde marketplace, placing greater

Consortium for Electric Infrastructure to Support aDigital Society (CEIDS), Electric Power Research Institute
(November 2000, Forth Worth, Texas).

2. 1d.
3. Quoted in LTL - cite needed
4. (EIA Table 35 Noncoincidental Peak Load Actua and Projected ....1993 through 1997)

5. New York Times 9/13/99

6. (EIA Table2, US Electric Utility Sdesto Ultimate Consumers ... 1993 Through 1997).
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demands on transmission grids, and undercutting the industry’ s traditiond ethic of cost-
based mutua support. And second, in most of the United States, the process of
integrated resource planning, which contributed greetly to balancing demand and supply
after the energy crises of the 1970's, has now been abandoned. This has led to greater
pressures on the entire eectric infrastructure, less-controlled pesak load growth, and
thus, increased market power of generators, thin reserve margins and higher power
cogts generaly.

B. The Potentid Contribution of Didributed Resources

While the three trends noted above present serious chalenges to eectric systems, concurrent
changesin technology and policy create new opportunities for non-traditiona electric resources to meet
the needs of customers, dectric systems, and the broader economy. In particular, distributed electric
resources can address the needs of customers, meet load growth, and help to fill the reliability gaps
left by the erosion of franchise planning and regulation.

What is meant by Distributed Resources (DR) in thisdiscusson? Didiributed resources are the large
st of eectricity-generating and e ectricity-saving measures that are located near or on customer
premises—that is, are distributed throughout the network, close to customers and load centers.
Importantly, DR includes both demand-side and supply-side resources. Digtributed resources include
amaller-scale generation, energy storage, load management, and energy efficiency, aswell aswires
solutions. For reiability purposes, the contribution of demand-side and supply-side resources are often
very amilar. Thereis no established measure for the Size of distributed resources: typicdly they are
thought to include technologies of up to 10 MW, but some customer-owned generation is as large as
100 MW. DR can be owned by a customer (load), a utility, or athird party (e.g., an ESCO
performing load reduction contracts, or an independent power producer). Efficiency and load
management resources of course are usualy “found” on a customer’s premises; generation and storage
resources, however, can be located on either side of the utility meter -- at customer’ sfacilities, at utility
subgtations, or esewhere in the community on the lower-voltage system.

C. Adequacy. Security, and Power Quality Events Across the Country

Throughout the summers of 1998 to 2000, and into the winter of 2000-2001, mgjor reliability problems
in many regions of the nation have become so widely known that there is little need to document them
here. Some of the most Sgnificant events are outlined in Table XX, below. Eight of the most sgnificant
events from the summer of 1999 were examined by the US DOE’s Power Outage Study Team
(POST), which concluded that the transition to more competitive wholesale markets and to retall
competition in many states had undermined the industry’ s treditiond rdiability mechaniams. Asthe
Report stated,

The power outages and disturbances studied by POST served as awake-up cal, reminding us
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that reliable eectric sarviceis critica for our hedth, comfort, and the economy. While the new
industry gtructure should improve rdiability...the trangition to that new structure presents a
rik....(T)hereiability events of the summer of 1999 demondirated that the necessary operating
practices, regulatory policies, and technologica tools for assuring an acceptable level of
reliability were not yet in place.’

Review of the mgor reliability events of the last four years reveds one key observation:

Whilethe immediate system failure or technical problem involved in these events
varies from case to case, theunderlying cause of these reiability problemswas, in almost
every case, the high loads the system wasrequired to serve at thetime of failure. And in
most of these cases, distributed resources could have improved system rdiability by
moder ating high demands or serving the system loads that caused the rdiability problem.

The following leading examples will illustrate this point:

* Regional transmission failure: Western States (August 10, 1996)

On August 10, 1996 the largest regiond blackout in the U.S. since the New Y ork City blackout of
1965, cascaded across amulti-state region of the U.S. West. This event began with atransmission line
on the Cdifornia/Oregon border that sagged under heavy load in high heat conditions, and shorted ot.
Other facilities were taken out by system operators and protective equipment to protect them from
falure, resulting in a series of outages that stretched across severa states. Altogether, 30,000 MW of
load was interrupted, and 7.5 million customers were affected, some unserved for aslong as 9 hours.
The Cdifornia Energy Commission later estimated the economic cost of this outage to the Cdifornia
economy a $1 Billion.®

« Generation adequacy problems:

New England (June 7 and 8, 1999):
Record-breaking heat and humidity spread across the northeastern U.S. in June 1999, leading to
operating emergencies in New England, Ontario, and New Y ork due to shortages of reserve generating
cagpacity. Many generating units were out of service for maintenance and refuding, in anticipation of high
demand later in the season. Operators kept the system running with urgent cdls for customersto curtall
energy use and forced voltage reductions. They brought in emergency power from severa neighboring
systems, and from asfar away as Michigan, until relief finaly camein the form of cooler temperatures.

7. USDOE, Report of the US Department of Energy’s Power Outage Study Team (March 2000 Final Report), at S-
2.

8. CEC study
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South Central States (July 23, 1999):
At noon on July 23, Entergy - which serves 2.5 million customersin Louisiana, Arkansas, Texas, and
Missssppi - discovered eectric load was risng beyond forecast levels, at the same time that its
generating system was lagging behind projected capacity. Power imports expected from other
generators disgppeared as |oads rose e sawhere. The company issued an emergency public request for
conservation, only itsthird such gpped in 20 years, but this was not enough to prevent outages that
affected 500,000 customers. Load growth in the region will continue to threaten rdligbility despitea
multi-billion dollar investment program in new cagpacity now underway.

« Inadequatelocal transmission to serve a load pocket:
San Francisco Peninsula (June, 2000)

The San Francisco Peninsulais argpidly-growing load pocket, with inadequate local generation, served
by limited-capacity transmission lines. In June, 2000, during an early heat wave, the Cdifornial SO was
forced to indtitute rolling blackouts in San Francisco and surrounding aress in order to avoid
uncontrolled overloads. Thiswas the firgt time in modern higtory that intentiond load losses were
imposed on customers by system managersin Cdifornia. Even though much of Northern Californiawas
experiencing record heet a the time of this event, there was sufficient generation capacity available to
serve San Francisco; but the transmission links serving the Peninsula were unable to carry the load
required to meet peak demand in the load pocket.

» Local digribution failures: New York City and Chicago

On July 6 and 7, 1999 more than 200,000 people were |eft without power for up to 19 hours when
Consolidated Edison lost 8 of its 14 feeder cables serving the densely packed Washington Heights
neighborhood in northern Manhattan. Among those blacked out was the Columbia University Medica
Center, where years worth of medical research was nearly lost when laboratory coolersfaled. The
loss of feeders occurred because of heat-related failures in connections, cables, and transformers, and
was triggered by high, persstent demand during hot weather. ConEd serves the most dense eectric
power load pocket in the world, with more than 3.1 million customers in a 604-square mile area.

Outages in Chicago have aso been triggered by the failure of aging and overloaded local digtribution
systems due to high demand during sustained hot westher. Between July 30 and August 12, 1999 three
magor outages struck Commonwedlth Edison’s Chicago digtribution network. Difficulties started late on
the afternoon of July 30, after demand set record highs. Cable faults knocked transformers off-line,
sending automatic shutdowns cascading through the system. More than 100,000 customers suffered
outages on July 30 and August 1. Later, on August 12, ConEd cut power to 3,300 customers,
including the Chicago Board of Trade, served by afalled substation. Other firms closed their offices
voluntarily out of fear that the collapse would spreed.

. Power Quality Disruptions:
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"Thisenergy crissis probably the most critical issue Silicon Vdley has faced in last the 30 years” sad
Carl Guardino, president of the Silicon Vadley Manufacturers Group, a powerful association composed
of 190 of the largest companiesin the high-tech corridor.®

D. Didtributed Resources and the Never-ending Problem of Weskest Links

In the POST report, and in many other post-event anayses, utility managers, regulators, and other
experts are cdled on the identify the immediate causes of the types of reliability problems noted above.
Of course, in nearly every caseit is possble to identify the week link in the chain that links generation,
systems operation, transmission, and distribution to customer load. For example, in the 1996 west-wide
outage, an overloaded transmission link near the Oregor/California border was identified as the weak
link that started a cascade of problems; in Chicago and New Y ork in 1999, aging and overloaded
digtribution facilities were the links that failed; and in Cdifornia throughout 2000 and 2001, generetion
adequacy has been amgor continuing problem.

Of course it isimportant, and often essentid, to address resources and policy attention to the weskest
linksin the supply and ddlivery chain in order to improve rdigbility for customers. For example, aging
digtribution infrastructure in Chicago and New Y ork must be maintained and replaced over a
reasonable schedule to ensure high quality service long into the future. However, a narrow focus on
fixing today’ s weskest links in the supply/ddivery chain will ultimately be less resilient and more
expengve than adrategy that identifies reiability-enhancing didtributed investments aswell. There are
severd powerful reasons that reliability policy should focus intently on, and seek to capture, distributed
generation and demand-sde solutions to rdiability problems.

. The untapped reservoir of distributed generation, energy efficiency and load
management optionsis both large and dispersed; these resources offer many different
way's to meet reliability needs. Moreover, by being dispersed and diverse, they areless
“lumpy” and in adatistica sense, more likely to be available when needed than many
supply side resources often are.’°

. Demand-side resources, even if not fully coincident with peak demand, will provide an

9. Rene Sanchez and William Booth, “California's Energy Future Looks Dim — Problems Brought on by
Deregulation Plan Defy Easy Solutions, “Washington Post, Sunday, January 14, 2001; Page A01.

10. For example, a100 MW peaking unit will frequently be available at its full rated capacity, but on occasion it
will not be available at all. Most demand-management resources, on the other hand, are more likely to be available at
some known discount below their technical capacity, but they will be reliably available at that discounted level
consistently.
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offset againgt load that would otherwise have to be served. “Lightening the load”
moderates the problems that rdliability managers have to solve,

. Cogt-effective DR solutions are often less expensive than the centra station and
transmiss on-dependent solutions put forward to address reliability problems. DR
solutions “at the end of the ling” can avoid cogsin system upgrades, operation, and
maintenance al the way back through the system: digtribution, subgtation, transmission,
generation, fud supply, and reserve margin requirements.

When reiability managers accept 1oad growth and demand spikes as givens, and attempt to meet them
through an exclusive, centra-station-focused, wires and turbines policy, they may fix each “weakest
link” in the supply chain asit gppears. But once one upgrade is completed, the next weakest link will
then emerge. For example, where reliability managers resolve load growth problems by building new
centra-gtation generation facilities, it islikely that transmisson links will be more stressed, particularly at
peak-load periods. Unless transmisson upgrades are aso purchased, the resulting degradation in
transmission rdliability will a leest partidly offset the gain in rdiability due to the new generation.
Didtributed resources, on the other hand, can lighten the load at the end of the supply/delivery chain,
and thus smultaneoudy enhance the reliability of each link in the entire chain, from the local digtribution
network al the way through to generation adequacy.
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I11.RELIABILITY CONTRIBUTIONS OF DISTRIBUTED RESOURCES:

Therdiability contributions of distributed resources must be considered from at least three different
points of view:

-- the point of view of individud customers;

-- of agroup of customers and their local distribution company; and

-- of wholesde market managers, rdiability managers, and system operators.
In this section we examine case studies in which distributed resources have been considered or have
been deployed in order to address the reliability objectives of one or more of those responsible parties.

DR may be tapped to address reliability chalengesin severd ways™:

. Improving power quality and ensuring uninterrupted power to individual
customers: DR can improve power quality in stressed service aress, at the end of long
digribution lines, and in customer locations where especidly high qudity power is
needed; and can provide on-site generation capability under the control of customers
who demand uninterrupted service.

. Relieving distribution overloads and transmission congestion: DR can lighten the
load on stressed digtribution systems, and can relieve congestion on transmission
systems, lowering the costs of serving load pockets and improving the resilience of
transmisson sysems.

. M eeting gener ation adequacy requirements. DR can lower system requirements
on a*“basdoad” basis, and can meet or shave peak loads so as to satisfy essentia
reserve margin requirements and avoid overloads and involuntary load-shedding.

. Providing ancillary servicesto the system: DR can provide an array of ancillary
services to system operators and reliability managers.

The case studies in the sections below illugtrate DR applications in each of these categories.

A. Improving Power Qudity and Ensuring Uninterrupted Power Supplies to Individua Cusomers

1. Introduction

11. In addition to their reliability benefits, distributed resources also may provide valuable financial benefitsin
wholesale power markets. Where distributed resources can participate in those markets freely, they can bid to
provide services in response to changing market conditions, lowering the price curve, weakening the market power
of conventional generators and mitigating power market price spikes. These features are discussed in a companion
paper and will not be developed here. Lowering the demand on conventional resources will, of course, also tend to
improve reliability .
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Customers who ingtal distributed power on their own side of the meter usually do so for acombination
of three reasons. cost reduction, improved power quaity and greeter reliability. Old fashioned dtruism
or the more modern impulse of early adopter techno-twiting can o play arole.

One cogt reduction motive is the avoidance of high power cogts, particularly generation costs such as
demand charges or peak prices. (Businesses have only recently started to look for smilar cost savings
in avoiding distribution costs, see RAP srelated papers on distribution costs). However, the stronger
cost reduction driver is more often the avoidance of lost business opportunity costs which arise from
being unable to operate or operate fully due to power outage or receiving power of insufficient quality.
The lost opportunity costs can be very large, greetly overshadowing the costs of dectricity savings. This
is particularly for eectronic and web-based businesses. For example, the US DOE reports the
following cost of power outage for several modern electronic communication dependent businesses:

Industry Avg. Cost per Hour
Cdlular Communications $41,000

Telephone Ticket Sales $72,000

Airline Resarvations $90,000

Credit Card Operations $2,580,000
Brokerage Operations $6,480,000

Source: US DOE Digtributed Energy Resources Program and Strategic Plan, September
20000

Another cost avoided may be that of public safety. These are costs avoided by essentid public facilities
such as police, hospita or arport facilities and the public they serve. Here quantified costs of outages
are not as readily available, but they are unmistakable.

For modern dectronic- based business, it is not only outages that hurt; unstable power quality is costly
aswdl. Many high tech business from web-servers to bio-tech laboratories need a very high leve of
power quaity. Thislevd of qudity isreferred to asthe “high nines’. Mot power isdelivered to a
reliability standard of XX% availability. For years, that was regarded as a very high standard, and in
comparison to much of theworld is il avery high sandard. Traditionad manufacturing equipment is
generdly less reliable than the eectricity system powering it. A business was more likely to suffer from
the failure of its own equipment or processes than the failure of the dectric sysem feeding it. Today, in
the 24 hours a day, seven days aweek information age, many businesses operate computer driven
equipment with availabilities of 99.999% or even 99.9999%, where every added 9 is a magnitude
gregater (10 times) than the previous leve. In these cases the dectricity system ismore likely to fail than
the customers equipment. Very brief sagsin voltage or harmonic distortions which used to go entirely
unnoticed by most customers can be devastating to customers using sengtive dectronics. It takes as
little as 8/1000ths of a second to crash a computer system, often destroying data at the same time.
(Digtributed Generation: Fuel Cells Deliver Hugh-Quality Power, American Gas Magazine, 11/13/00)
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Fixesto avoid power surges are usually chesp but remedies for avoiding power sags are not so cheap.
For these businesses, having on-site generation, often redundant systems can be a very cost effective
means of assuring the required power qudity and reliability levels.

Some businesses ingtdl stand-alone systems which are not integrated with the grid, removing al or a
segregated portion of their power needs from the grid altogether. Others keep their load connected to
the grid but distributed generation as emergency back up, or more recently in Cdifornia, agree to run
their DP to meet the needs of the grid in exchange for the distribution company’ s agreement not to
subject the cusomersto aralling blackout. It isimportant that regulation signa consumers to make the
right decisions regarding whether to remain grid connected, or to cut the cord entirely.

2. Case Studies
Bank of Omaha

The Firgt Nationd Bank of Omahain Omaha, Nebraska began operating its carefully designed
independent distributed power system for its power sensitive credit card processing center in May
1999. The Bank is the nation’s seventh largest credit card processor and the provider of smilar
services to many other banksin itsregion. It faces losses of about $6 million dollars for every hour of
power outage. Following the failure of aback up battery system in the early 1990's, the Bank |ooked
around for a better way to assureitsdlf of the continuous high level power qudity and rdiability it's 24
hour, uninterrupted operation required. The Banks' critical computer operations are now served by two
redundant sets of fuel cells (four in dl), as well as a separate redundant set of diesel engines. The
remainder of the building with less critical operations is connected to two separate eectric feeders,
ingtaled from different substations.

Thefacility served is a 200,000 square foot, three story building with a 340kW load. The distributed
system, designed by HDR Architecture, Inc. of Omaha, is powered by four 200kW PC25tm natura
gasfired fud cels. The fud cdls were manufactured by ONSI Corporation and supplied and operated
by Sure Power Corporation of Danbury, Connecticut. The excess power generated by the two fuel
cells serves the Banks non-critical power needs which remain connected to the grid. The excess power
from the distributed ingtallation reduces the Bank’ s demand charges. In winter months, recovered heat
from the distributed system is used to heet the building and to melt ice and snow on its surrounding
sdewalks. In the summer, the excess hedt is disspated. The overdl efficiency of the system is 54.1%.

Customer satisfaction is reported very high. The Bank’ s Director of Property Management, Dennis C.
Hughes, has cited competitive advantage as well as a cost advantage as the system was less expensive
on alife cycle bass (20 years) compared to other available uninterruptible power configurations.

Source: Digtributed Generation: Fud Cdlls Deliver Hugh-Quality Power, American Gas Magazine,
11/13/00
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NYPD Central Park

The use of distributed power at the New Y ork City Police Department Centra Park Precinct highlights
amuch different need for dectricd rdiability - that of maintaining public safety. The centra Park
Precinct is housed in an 145 year old historic building built originally as a horse stables and located
deep within the Park, a distance of severd city blocks from the nearest éectricity feeder lines. Like the
rest of modern society, modern police equipment relies heavily on computers for information processing
and communications. Centra Park isin many ways a haven from modernity, where New Y orkers and
vigtors dike can enjoy peaceful retreat from the city, trading modernity for the older joys of strolling,
picnicking, boating and listening to concerts. But, a vigilant police force connected with the modern
world isacritical component of the Park’ s peacefulness. When faced with the need to upgrade
electrica service and the prohibitively high cost of trenching lines across the Park for this satdllite
precinct, the New Y ork Power Authority decided to place a distributed power source &t the
customer’ssite. Because of the environmental senstivity of the Centra Park location and the protected
historica nature of the building, neither gas fired generators nor PV cdlls, which would have to be
located on the building' s exterior, were acceptable.

An ONSI 200kW fud cell was sdlected to upgrade the precinct’ s eectrical power needs. The fudl cell
not only runs the stations computers, lighting and HVAC system, it also serves as are-fueling sation for
the NYPD’s dectric vehicles used to patrol the park and else where in the city.

Source: Environmenta Design & Congtruction Magazine, May/June 1999 Issue

North Central Bronx Hospital

Also in the public safety business, hospitals are typicaly high power factor customers with a variety of
power needs. There are critica loads such as intensive care units and operating rooms which depend
upon sendtive eectronic equipment as well as more ordinary heating, light and cooling, kitchen power
needs for food preparation and dishwashing as well aslaundries.

The New Y ork Power Authority added a 200kW fuel cell to the roof of North Central Bronx Hospital
to enhance its power qudity. A fud cell was agood match for this facility which has an 85% load factor
and agreat need for power source redundancy. The fue cell alows the hospita to shave 200kW off its
pesk demand, thereby lowering its demand charges by $6,102 per month in summer months. (200kW
X $30.51kW demand charge).

American Home Products

On amuch larger scale, the Connecticut based American Home Products which manufactures a variety
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of pharmaceutical and consumer hedth productsingtaled its own diversfied power system totaling
about 15 MW’ s at its Pearl River campus. The power plant commenced operation in January 1991.
The campus contains fourteen buildings that house three divisons of AHP employing atota of 2700
workers. It is AHP slargest integrated facility and accounts for $1.2 Billion of sdes out of atotd AHP
sdes of $15 Billion. The combined heat and power system is centralized and consists of 2 Solar Mass
8 MW boailers, 2 steam turbines totaling 6.6MWs.

The power plant which has been 97% available has provided substantial power cost savings,
operationd flexibility and adiversty of fuds.

Source: Al Forte, AHP, presentation at US DOE CHP Summit 12/98

Web-servers and Silicon Valley

A new end use of dectricity which emerged in the 1990'sisthat of powering internet server businesses.
Many such servers exist in the states of Cdlifornia, Texas, Washington and elsewhere. Web servers are
essentidly entire buildings, sometimes as many as ten stories high, filled with computer servers and
cooling equipment. Loads for these business can be in the range of 50 MW with some approaching
100MW, and they dl require extremey high power qudity. To convey a sense of the intensive power
needs of these businesses, one would compare their demands of 120-200 watts per square foot to a
more typica office building use of 10-15 waitts per square foot. Further, the computer equipment
cannot perform its internet support function if the power source is interrupted for even an ingtant of
time. Outages can eadly cost these internet serving companies $1 million an hour. Not surprisngly,
many of these businesses have ingdled diesdl generators as essential emergency power sources yet, in
many of these same urban areas dready have serious air qudity concerns.

Sources: NY Times 1/12/01, persona conversation with Tom Starrs

B. Didtributed Resources to Rdlieve Didtribution and Transmission Overloads

1. Introduction

Public discussions on rdiability have historicaly tended to focus on the relaively rare, major power
outages that affect alarge number of customers, even though approximately 90% of customer service
losses result from distribution-level problems.*2 Maintaining and upgrading distribution systemsisa
ggnificant cost eement for utility companies, and the failure to upgrade local networksin response to
risng loads can serioudy impair reigbility. The reigbility problems of digtribution networks are in some
ways more difficult to ded with than generation adequacy problems. During peek periods there may be

12. Thisisnot an unusual phenomenon. Plane crashes make the national news, while car crashes do not.
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many actions that system operators could take to provide more generation resources to the system,
but there are few dternatives to the local distribution system -- there is no spot market or reserve
market to call forth additiona wiresin hours of peak need. Digtributed resources can substitute for
cgpacity on the wires, however, and thus, have particular value in supporting the rdiability of loca wires
systems.

2. Case Studies

City of Chicago Energy Rdliability and Capacity Account:
Efficiency and distributed generation to reduce load on stressed distribution network

Background: When Commonwedth Edison’s franchise in the City of Chicago came up for renewd in
1992, problems with aging distribution infrastructure were known to be serious. Part of the 29-year
franchise renewd was a commitment by the utility to spend $1 Billion on transmission and didtribution
upgrades over the following 10 years. When it gppeared that the utility was not on schedule with these
upgrades, the City sued, and obtained a settlement that included, among other things, a commitment to
spend $1.25 Billion in T&D by the year 2004, and payments totaling $100 million to the City of
Chicago for rdiability-enhancing projects within the City.

Additiona impetus for action by both the utility and the City came from a series of outages across
Chicago neighborhoods, and including the downtown Loop, in July and August of 1999. Aging
digtribution plant, overloaded in the midst of a heat wave, repeatedly failed or was taken out of service
to prevent failure. The resulting public outcry has led to an intense focus both on upgrading distribution
facilities and on lowering growth in peak demand in stressed digtribution aress.

The Chicago Rediability Fund: The $100 million Rdiability Fund is administered by the Energy
Divison of the City’s Department of Environment. The program has severd mgor eements, enhancing
religbility both through efficiency investments, and through invesments in distributed generation:

. The“Rebuild Chicago” program assists commercid and indudtrid firms to upgrade the
efficiency of thar facilities. As of early 2001, 1 million square feet of C& | space had
been upgraded under this program, with 25 million square feet enrolled and being
treeted. In addition 15 million square feet of public facilitiesis targeted for efficiency-
related upgrades.

. Thereis dso adigtributed generation program. In preparing to ded with eectrica
outages, the City congtructed alist of dl of the “criticd facilities’ that would need
attention, and discovered over 8,000 sites on the list. About 6,000 of these involved
doplights at key intersections, but there are dso 2,000 critical buildings: schools, high
rises, police gations, hospita's, and so on. An inventory of these facilitiesreveded a
large number of back-up on-Site generators. Although most of these generators are
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diesds that the City does not want to deploy regularly, there are dso atotd of 13 MW
of natura-gas fired back-up generatorsin public buildings (12 MW in units over 400kw
each). To make these units available as a network of distributed generators, the City
developed a SCADA system to link them to a central operating post, and are now
connecting them. The network is expected to be operational by the summer of 2001. It
will provide adispersed network of reliable distributed generators for use in system
emergencies, the City aso expectsto dispatch the units, to the degree permitted by air
quality permits, at periods of high system prices. Income from power generation at

peak periodswill help to pay for the costs of the program.

. Findly, the Chicago Rdiability Fund is supporting development of distributed
renewable resources within the City. The leading initiative hereisin photovoltaics. The
Energy Divison negotiated an arrangement with Spire(spelling?), a PV manufacturer,
to locate amanufacturing plant in Chicago and has agreed to purchase 250 kW in PV
arays at 6 schools (10 kW each) and severa prominent museums (approximately 50
kW each) throughout the City. ConEd dso committed to a purchase of $12 millionin
PV arrays for deployment in Chicago. The Department recently announced plansfor a
“Renewable Energy Farm” on a brownfield site, which will host awind turbine, an
advanced fud cdll, and alarge PV array —at 2.5 MW, said to be the world' s largest
PV ingdlation.

Mad River Valley Project (Vermont):
L oad management and ener gy efficiency by customer and utility defersneed for

digtribution line upgrade

Background: The Mad River Vdley isamountain/valey region in central Vermont, and hometo
growing resort devel opments associated with three ki areas, two operated by Sugarbush. The Valley
is served by Green Mountain Power by way of a34.5kV digribution line extending in along “U” down
onevaley, across aridge and back along the highway on the other sde of the ridge. Sugarbush, the
largest load on the ling, islocated at the base of the “U”, its weskest point. The ski areawas engaged in
amgor expanson project, and informed GMP that it was planning to increase its load by up to 15
MW to accommodate a new hotel and conference center and significant new snowmaking equipment.
The reiable capacity of the 34.5 kv linewas 30 MW, and a 15 MW increase in load at that location
would impair rdligbility of the line or require an upgrade. Utility studies concluded that the appropriate
upgrade would be a parale 34.5kv line down the Vdley, a a cost of at least $5 million.

Process: The cusomer’sinitia request was for an upgrade by the utility, a utility expense. But under
Vermont'sline extension rules, it was likely that amgor portion of the cost of the upgrade would be

charged to the customer. Neither the customer nor the utility wanted to pay for the line. (Sugarbush is
owned by SKI, Ltd., one of the largest resort operatorsin the U.S,, but like most customers, it would
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rather focus capitd on its core business, not ectrical supply.) Thus, the stage was st for dternatives,
which were negotiated among the utility, the customer, the public advocate, and later approved by sate
regulators.

Solution: The unique solution worked out in this case has two mgor eements:

(@) Customer load management commitment: Sugarbush and GMP entered into a
customer-managed interruptible contract, under which Sugarbush committed to ensure that load on the
digtribution line, as measured at the closest substation, will not exceed the safe 30 MW levd .
Sugarbush has ingtdled ared-time meter at its operations base, and telemetry to monitor total loca
load (at the substation). Sugarbush must manage its resort and snowmaking operations so as to keep
tota loca load at dl times below 30 MW. Unlike the other interruptible contracts for snowmaking, in
effect at most of Vermont's ski aregs, this contract requires the customer to manage its own load while
taking the load of all other customers on the substation into account. In addition to avoiding the
cost of the power line upgrade, Sugarbush receives vaue for load management in the form of arate
discount for the eectricity it purchases.

(b) Targeted Utility Efficiency Program in the Valley: Asnoted above, the Sugarbush
expangon plan uncovered ardiability concern with continued load growth throughout the Mad River
Valley. The second part of the MRV Program was a concentrated effort by GMP to improve efficiency
and lower peak demand in the community. At the urging of the Public Advocate, GMP focused some
of its DSM programs on this area. Over a period of 18 to 24 months, the utility delivered a variety of
DSM measures across dl customer classes. The largest savings came from numerous conversions of
electric hot water heaters and dectric space heat buildings to dternative fuels, but many other measures
wereingaled.

L essons: While the Stuation presented here seems unique, its principa ements could be applied in
many other circumstances.. Firgt, a combination of load management and efficiency has avoided an
expendve upgrade and maintained rdliable service in arapidly-growing resort community. Moreover,
the customer’ s load management efforts reduce the utility’ s peak power loads. In generd, Sugarbush
manages load to move snowmaking operations off the Valley’ swinter pesk hours, which are coincident
with the utility’ s and the state’ s peak load hours.

One criticiam of the MRV Program isthat the utility largely abandoned the follow-on DSM work once
the religbility challenge was met, and may have missed additiona cogt-effective efficiency opportunities.
A sngular focus on DSM for rdiability may lead to lost opportunities for other efficiency savings, if not
combined with a broad program design for energy efficiency generaly. The ground rulesfor dud-
purpose DSM programs must be carefully worked out with regulators or other program advisors.

Participantsin this process have aso observed that the cogt-effective solution to the Valey’ s rdiability
problem came about only when it was clear that much of the cost of the upgrade would be charged to
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the customer driving the need for it. If the cost of this religbility upgrade had been sociaized through the
utility’ stariffs, it is much less likely that the utility would, on its own, have negotiated the unique load
management contract with the customer, regardless of its cost-effectiveness.

Kerman Subgation (PG& E):

One of the nation’s leading examples of the value of distributed utility planning was the Kerman
Substation, near Fresno, California, where PG& E deployed 500 kW of photovoltaic power to
demondtrate the value of distributed generation. The project studied the benefits PV could provide to
the digtribution network: var support, line support, extending transformer life, and reducing capecity
needs, dl of which can promote rdliable distribution service. Between 1993 and 1995 PG& E
documented numerous benefits from distributed generation of this type; however, in 1996 the project
was quietly ended.

According to news accounts, PG& E abandoned the project due to its maintenance costs (about
$20,000 per year). PG& E may aso have had problems sdlling the facility’ s output at market prices due
to Cdifornia s restructuring rules largely excluding franchise utilities from the generation market. Critics
point out that in recent Cdifornia power markets the value of the units energy output aone would
greetly exceed the project’ s maintenance costs, without accounting for the reliability benefits, or for the
benefits that load reduction brings to wholesale market by lowering the overal market clearing price®
For these reasons, it will be important for distributed resource andysts to examine the history of this
project to understand the cost and market barriers that may have led to its abandonment.

Distributed Generation to Support Transmission Reliability:
Sand Bar Tie (VELCO):

Distributed resources can aso be used to address reliability concerns of transmission systems. One of
the maor transmission links between the New Y ork and New England Power Poolsis the PV-20 line
across Lake Champlain, owned and operated by VEL CO, the transmission utility that provides
backbone transmission servicesto al of Vermont’s public and private distribution companies.
Higtoricaly, PV-20 provided a path for public preference power from the Niagaraand St Lawrence
power projects to eigible customersin Vermont. It now provides atransmission path, and reliability
support to both the New Y ork and New England Power Poadls.

A serious problem arose on thisline in March 2000 when a phase angle regulator on the Plattsburg,
New Y ork end of the linefalled, and the line had to be de-rated to ensure its reliable operation.

13. At a20% capacity factor, and an average market price of $0.10 per kWh, 500 kW of PV would produce nearly
$90,000 of power output annually. In addition, the project lowers the wholesale clearing price, and provides reliability
and other benefits to the distribution company.



DISTRIBUTED RESOURCESAND ELECTRIC SYSTEM RELIABILITY PAGE 19

Maintaining even amodest power flow over PV-20 required ingalation of large inductors, dong with
ameans of supplying voltage control on the Vermont end of the line. In May, 2000 VELCO inddled a
7 MW gas turbine generator (running in this case on distillate fud ail) to supply the voltage support
needed to maintain operation of the transmission link. The turbine can run either in generation mode or
be run as a synchronous condenser, providing or absorbing vars as needed to maintain voltage on the
power flows acrosstheline.

Between May, 2000 and February, 2001, when the New Y ork phase angle regulator was restored, the
7 MW turbine provided essentia support to maintain the operation of the PV-20 transmission link.
Whether this project illugtrates the rdiability benefits of digtributed generation, or is Smply an example
of traditional utility management, may be debated. On the one hand, due to the nature of its operation
(principdly run as a synchronous condenser providing var support) and its deployment by a
transmission utility, this may not be judged as a distributed generation facility. On the other hand, from
aphysica point of view, this smal, distributed unit obvioudy provided important religbility benefitsto
the New Y ork and New England power poals, and illustrates the high value that can sometimes be
obtained from asmdl, srategicdly located, generation facility.

C. Digributed Resources for Generation Adequacy and Peak Shaving

1. Introduction:

In response to rising power costs, wholesde price spikes, and numerous power warnings and close
cdls experienced in many regions of the country, many utilities have launched programsto purchase
curtailments and customer-owned generation at periods of peak demand and high prices. In most
cases, it is difficult to separate the economic, market basisfor a program from its physica reliability
purposes, most programs serve both goals.

How large is the resource base that these programs can cal on? The savings levels attributed to
higtoric load-management programs cannot Ssmply be assumed to continue in new energy markets. On
the one hand, it appears that many industria and commercid customers were willing to enroll in rate
discount programs on the understanding that they would in fact rarely be interrupted. On the other
hand, market studies suggest that many customers would willingly reduce at least some of their
consumption during high-priced power periods in return for market-based savings, which might well
exceed the savings obtained under the historic utility tariffs.

Because there are many barriers today to the deployment of price-responsive load management, it is
too early to know for certain how deep that response will be under different market rules and prices.
However, limited market tests suggest that the potentid is quite Significant when compared to the levels
of response needed to moderate price spikes and mest reliability concerns,
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Figure 1 Resources that can respond to fluctuating prices should be dlowed to
participate in bulk power markets for energy and rdiability asthis large load does.

« A customer market study by E-Source gives some dimension to the potentid. After interviews
with energy managers of more than 100 large companies, this study found that while most of the
load of most large customers was constrained by commercia and production needs, and would
be largdly fixed in the short term regardless of price, gpproximately 15% of their load could be
managed in response to short-term price signas.**As shown in Figure 1, some loads are
currently able to tap bulk power markets and significantly reduce their power costs by
managing their eectric loads in response to bulk power market price sgnas. As power prices
rose in the summer of 1998 (dark curve), the customer significantly cut its power demand (gray
curve).

* A 1995 gtudy by Science Applications Internationa Corp. reached similar conclusions,
finding that about 17% of customer |oad was typicdly discretionary, and could respond

14. Adam Capage, et al “The Dawning of Market-Based L oad Management,” ER 99-18 (November 1999).
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to price signas in short-term power markets®.
« Morerecently, an ELCON survey of its members found that there was very strong interest in

participating in price-responsive load management programs through both demand reductions
and on-Ste generation aternatives.

2. Case Studies:

Pacific Power & Light Demand Exchange Program

In December, 2000 Pacific Power & Light (PP&L) announced the Demand Exchange Pilot Program,
asoptiond, supplementa service that dlows customers to voluntarily reduce usage at times of high load
and/or high prices. The program is open to customers with a least IMW of ongite generation and/or a
demand peak exceeding 4 MW. The Company will send aMarket Price Signad (MPS) when it seeks
to repurchase customer load, and will offer to compensate the customer by repurchasing demand at a
net price that reflects a congtructive sde of the power and a congtructive resale by the customer at
market-based prices. A customer participating in an Exchange Event must maintain electric usage a or
below the customer’ s Basdline Sarvice Leve, which is the average usage of each hour for aminimum of
fourteen consecutive days just preceding the Exchange Event. An internet web ste will be used to notify
customers of exchange opportunities. Participating customerswill be required to ingtal and maintain the
necessary communications system.

NY SERDA - Didgtributed Resour ces I ngtallation Support Program

In 2001, New Y ork will be about 300 MW short of the 18% reserve margin that the New Y ork 1SO
seeks to maintain. Using wires charge receipts from the state' s system benefit charge, NY SERDA has
announced a $10.4 million program to support the ingtalation of distributed resources. One particular
element is PV support, at the rate of $6 per Wett ingtaled. The program will subsidize DG and
curtailable load install ations made before May 1, 2001 at the rate of $150 per kW ingtaled, in return
for a promise to generate or reduce load upon declaration of aneed for interruptions by the NY 1SO.
Customers must commit to respond to the 1SO request up to 15 times per year, up to atota of 50
hours.

Long Idand Power Authority: Supplemental Service Program

In February, 2001, the Long Idand Power Authority (LIPA) announced the Supplementa Service
Program, an offer to business and governmentd customers who can generate

15. Brendan Kiernan, “From RTP to Dynamic Buying: Communication, Analysis, and Control Tools for Managing
Risk,” E Source Energy Information and Communication Series EIC-7 (October 1999) at p.7.
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aportion of their own dectric needs from June through September. Although described publicly asa
means of promoting conservation, the program is actualy intended to bring on customer self-generation
resources a times of highest system demand.*® This move aims at using sdlf-generation to free up a
portion of LIPA's on- and off-idand dectric supply for use by customers who cannot generate their
own eectricity.

According to aLIPA survey, there are only about 100 megawaits of salf-generation capacity in the
Authority's region, and L1PA expectsto capture only ardatively smdl fraction of it for the program.
However, LIPA dates that the existence of the program may aso encourage new customers to add on-
Ste generation that could be enrolled. The Supplemental Service Program works by providing
sdf-generators a discounted rate for eectricity, including "non-summer™ months, intended to help those
companies see an overal savingsin tota annud energy codts. In return, the salf-generators would be
required to use their own generating cgpability during the hours of 12 pm to 8 pm Monday through
Friday, from June 1<t through September 30th.

Wisconsin Public Service Uses DP to M eet Peak Demand

Wisconsin Public Service (WPS) used distributed resources to meet pesk demands during the summer
of 20000 and expects to continue relying on distributed systems to hedge againgt high energy costs
during seasonal peaks next year. Early in 2000, WPS leased 30 diesd fired generators adding a total
of 34 MW of capacity to its generating portfolio to meet high summer energy demand. The unitswere
removed in September. Given the uncertaintiesin regiond generation and transmission capacity over
the next year, WPS expects to rent an additional 24 MW (total of 54 MW) of distributed capacity
during the summer of 2001.

[linoisMunicipal Electric Agency to Pay Customersfor Backup Power

[llinois Municipa Electric Agency (IMEA), awholesde power provider serving 39 municipditiesin
[llinois, has established a program that deploys backup generators to help meet peak summer demand.
Through its Just In Time Key Account (JTKA) program, IMEA will pay customers for the right to
“digpatch” back-up generators during peak summer months. The cost-sharing arrangement is away for
IMEA to increase reliability and reduce costs while saving customers money on the purchase of
emergency backup generators.  IMEA haopes that the program will benefit manufacturing facilities
which are the most vulnerable to power outages. To date, the program has led to the ingtallation of
generatorsin four cities. These sysemswill provide power when transmission line are congtrained, then

16. "We only need to look at Californiato see how life can be dramatically impacted by the lack of an adequate
electric supply,” said LIPA Chairman Richard M. Kessel in announcing the conservation initiative. "Since 1998,
LIPA has been saying that Long Island's electric supply istight. We've repeatedly indicated that we need to
conserve, use our electric supply efficiently and add new resources including renewable energy technologies."”
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market prices rise during pesk periods, or in the case of generation-related curtailments. Based onits
initial success, IMEA plansto expand the program to other customers.

Indianapolis Power and Light Uses DP For Peaking Power

Indianapolis Power and Light (IPL) leased 85 diesd generators, representing a combined capacity of
about 70 MW, to meet peak demand in the summer of 2000. IPL opted to |lease the generators, rather
than to purchase them new because alarge number of generators were left over from last year’s Y2K
concerns - anumber of companies purchased generators to avoid Y 2K-related difficulties only to find
that they did not need them. Asaresult, IPL was able to arrange a favorable lease agreement for the
distributed resources. Although the generators were to be removed in September 2000, it islikely that
they will be needed to meet peak demands again next summer if in-state power plant congtruction does
not keep pace with peak load growth. According to a Cummins representative, the company expects
to provide about 100 MW of distributed generation capacity to IPL next summer.

D. Digributed Resources Can Provide Cost-effective and Relidble Ancillary Services to Power Pools
and Regiona Transmisson Operators

1. Introduction: Ancillary Services, RTO Responsbilities, and the Potentid Role of Distributed
Resourcesin Ancdillary Service Markets

Rdiability of the power system is maintained by actively controlling some resourcesto
continuoudy balance aggregate production and consumption. Higtorically control was exercised only
over large generators. Customers did whatever they wanted to meet their needs, while generation,
under the control of the system operator, responded to the changing requirements imposed by customer
loads. Asrestructuring progresses and regulated system operations is separated from competitive
generation, new opportunities can emerge for distributed resources to participate actively in providing
reliability resources to the power markets.

It will be important in this connection for system operators to articulate the requirements for
reliability services needed to maintain the generation/load balance in technology-neutra language. That
is, the required performance must be specified clearly enough that separate commercia entities can
agree on what will be provided, and a what price. The requirements must specify performance rather
than the methods to yield desired outputs. For example, a system operator should request “100 MW
of response that can be delivered within 10 minutes’ rather than “100 MW of unloaded, on-line
capacity from alarge fud-burning generator”. FERC dtarted this process by requiring the separation of
gx ancillary services from transmission in its Order 888; FERC expanded that process with its Order
2000 on regiond transmisson organizations (RTOs).

Table 1 presents 8 ancillary services (rdiability services) that DR owners might want to sll.
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These services are required to maintain bulk power system rdiability and are being opened to
competitive marketsin regions where RTOs operate. Distributed generators, interruptible customers,
and storage devices may best be able to provide Load Following and Supplementa Reserve services,
they may not be able to sall Reactive Supply and Voltage Control From Generation to the bulk power
system depending on their size and location. Network Stability is a service that both distributed
generators and storage devices should excd at if they are connected to the power system through an
inverter and are in the correct physical location. Blackstart appears to be a service that small
distributed generators may be quaified to sdl Snce many such generators are inherently capable of
operating independently of the power system. To be useful to the power system, however, the
blackstart units have to be located where they can be used and capable of re-gtarting other generators.
Some DR generators are not large enough or located properly to be useful. For those that are big
enough and in the correct location this could be an excdlent service to sl

Table 1. Key Andillary Services and Their Definitions

Reactive Supply and Voltage Control from Generation: Injection and absorption of reective
power from generators to control transmission voltages

Regulation: Maintenance of the minute-to-minute generation/load balance to meet NERC' s Control
Performance Standard 1 and 2

L oad Following: Maintenance of the hour-to-hour generation/load baance

Frequency Responsive Spinning Reser ve: Immediate (10-second) response to contingencies
and frequency deviations

Supplemental Reserve: Response to restore generation/load baance within 10 minutes of a
generdion or transmisson contingency

Backup Supply: Customer plan to restore system contingency reserves within 30 minutes if the
customer’s primary supply is dissbled

Network Stability: Use of fast-response equipment to maintain a secure transmission system

System Blackstart: The cgpability to Start generation and restore dl or amgjor portion of the

wer %stem to sarvice without suewrt from outside after atota %stem collﬁ

The five remaining services (Regulation, Load Following, Frequency Responsive Spinning
Reserve, Supplementa Reserve, and Backup Supply) ded with maintaining or restoring the red-energy
balance between generators and loads. These services are characterized by response time, response
duration, and communications and control between the system operator and the resource needed to
provide the service. Figure 1 shows the required response for these five energy-ba ancing functions.
Because regulation requires continuous (minute to minute) adjustments to real-power transfers between
the resource and the system, loads may not want to provide this service. Load following could be
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Figure 1. Red-power ancillary services are differentiated by the required response time
and duration.

provided directly or through the use of a spot market price response on atime frame of less than an
hour, conggtent with FERC' s requirements that RTOs operate redl-time balancing markets. The
contingency reserves are especialy amenable to being provided by distributed resources.

Similar regrictions gpply to DRs supplying ancillary services as gpply to centra generation Stations
supplying those same services. For a generator to supply contingency reserves, it must have capacity
available to respond to the contingency; the generator cannot be operating at full load. Smilarly, aDR
sling contingency reserves must have capecity it can make available when the contingency occurs,
ether by increasing its power output or by temporarily curtailing load.

Providing ancillary services from distributed resources should involve a careful integration of generation
and load response. Since fast services generaly command higher prices than dower services (as
shown by Figure 2) it is desrable to sdll the fastest service possible. At timesit may be fagter to
temporarily curtail load than to start generation. Load can be restored to service as additiona
generdion isbrought on line. It isaso generdly easier to incorporate energy storage on the load sdein
the form of therma storage than it is on the power-supply Sde. Ten minutes of storage can be very
vauable, as seen from the high prices paid for spinning reservesin Figure 2. It is worth noting thet units
operating just for reliability reasons often operate at partid capacity, which can result in higher air
emissions per unit of energy produced than when operating at full capacity.
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Figure 2. Red power reserve services requiring faster response command higher
prices, on average, than do dower sarvicesin the California market as shown by this
December 1998, weekday data.

If ancillary markets are established so that demand-side resources can participate actively, load
management resources benefit because they receive revenue from the sde of ancillary services aswell
as from energy production. The power system aso benefits in severa ways. FERC is encouraging
open competitive markets for generation, in both energy and ancillary services. FERC ordered the
unbundling of ancillary services from transmission to promote competitive markets, which should
improve economic efficiency and lower dectricity prices. These markets should be open to any
technology capable of providing the service, not just to generators. Thiswill expand supplies and
reduce horizonta-market-power problems.

Beyond the argument of fairness, having additiona resources participate as suppliers, aswell as
consumers, of eectricity services improves utilization of generating capacity. Andcillary saervices
consume generating capacity. When loads provide these reserves, generating capacity isfreed up to
generate eectricity.

Smaller facilities may be able to respond more quickly to control-center requests than large generators.
Thiswill likely more than overcome the communications and control delays associated with their grester
numbers (delays which will diminish with improved syssem communication protocols). Distributed
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resources should also be amore reliable supplier of ancillary services than conventiona generators.
Because each facility will be supplying asmaler fraction of the total system requirement for each
sarvice, thefalure of asngle resource is less important (See Exhibit 2). Just as a system with ten 100-
MW power plants requires less contingency reserves than one with a single 1000-MW plant so too a
system that utilizes alarge aggregation of DR as a resource to supply reserves will require less
redundancy than onethat carries dl its reserves on afew large generators. There can till be common-
mode failures in the facilities of the aggregator (the aggregator’ s communications system could go
down, for example), but it is easier and cheaper to ingtdl redundancy in this portion of the system than
with an entire 1000-MW plant.

Exhibit 2. Reliability from Distributed Resour ces

Whenever a system operator cals for the deployment of contingency reserves there
is aways some chance that the resource thet is supposed to supply the reserve will fail to do
0. Thesmdl size of individua distributed resources reduces the consequence of this
problem and makes them a more reliable source of contingency reserves. Take, for
example, the case of a system operator purchasing 50 MW of supplementa operating
reserve from a50 MW fast-start combustion turbine. This turbine might start within the
required time on 90% of its attempts. In one case in ten the system operator is 50 MW
short. It does the system operator little good to reduce its expectations to 45 MW, though
that is the average response.

A collection of 6,250 10 kW digtributed resources that individudly have only an
80% chance of responding each time makes a better aggregated resource. In this case 20%

2.Case Studies: Digtributed Resources Providing Ancillary Services at the System Leve

Traditional Utility Load Curtailment Programs:

Any discussion of the potentia role of distributed resourcesin providing reserve and other ancillary
services should begin by recognizing the vauethat customer-sde resources have long delivered within
the franchise system. Interruptible contracts, off-peek tariffs, and other load management programs
have enhanced utility system reiability for decades. In many cases, customer |oad reductions were
backed up on-gte by customer-owned generation; in other cases they were not. But —whether linked
to DG or not — customer-side load management provided about 13,000 MW per year in curtailable
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demand in the middle of the 1990's™’, and many of those programs continue today. These programs,
tariffs, and contracts represent perhaps the largest base of distributed resources used for reliability
purposesin the nation today.

Consdering the wide experience with utility load management contracts and the large number of these
programs, it is not necessary to present individual case studies here. However, it isimportant to note
three important problems with traditiona interruptible programs — problems that impair their functioning
in today’ s competitive wholesde markets:

. First, many interruptible programs were, in essence, industrid discount programs,
entered into with the expectation that they would never, or dmost never, be called on.
They may represent aresource for use in atrue emergency, but not areserve to be
caled on to baance the sysem routindly.

. Second, mogt interruptible contracts permit the utility to cal on the resource only in the
event of particular physica rdiability problems, and do not represent an economic
resource supporting reliability on aleast-cost basis.

. Third, the customer benefitsin most of these programs create improper incentives to
support needed curtailments. Customers generaly receive a discount on energy they
consume, and are paid nothing for supporting an interruption when it occurs. This
undermines the va ue proposition that curtailments are intended to promote. Enrolled
customers would view interruptions quite differently if they were paid at the time of the
curtailment for the value of their reduction (and they would vaue their consumption
differently if they were charged the full cost of consumption at the time of use).

These limitations can be overcome, and are addressed in some of the load curtailment programs now
being set up by utilities and 1SOs. These programs build on the generally unsatisfactory record of 1SO-
devel oped programs announced in 2000.

Cal 1SO and NE-I1SO: Summer 2000 DR Programs

Background: In the winter and spring of 2000, seeing the potential problems of the coming summer
peeks, 1SOs on both coasts announced their intention to run programs to sign up load management and
distributed generation resources for direct control by the ISOs as ancillary resources. These programs
were launched in part to respond to widespread criticism the 1SOs received when they announced
plansto pay for emergency generators on barges that would be moored for the summer in the
Connecticut River and on San Francisco Bay. In both cases, the barge proposals were later withdrawn.
The 1SOs announced they would accept proposals for customer-side resources, and would pay

17. Thisisabout half of the nation’s total demand reduction due to all DSM program activities.



DISTRIBUTED RESOURCESAND ELECTRIC SYSTEM RELIABILITY PAGE 29

relatively high vaues for them. Both proposals drew disgppointing results.

L essons: In some eyes, these results underscored the dangers of basing system reliability on unproven
resources such as demand responses and customer-owned generation. However, particular attributes
of theseinitid proposas are more likely to account for the low response rates. First they were issued
late in the year, with little time for ESCO or customer program development. Second, they typicaly
excluded from participation any customer aready enrolled in a utility interruptible load program (this
was intended to avoid double-counting but may have excluded the most likely participants). And third,
the 1SOs required participating customers to ingtall real-time meters and controllers that could be
operated by the 1SO on a basis equivdent to the controlsingtaled at a centra generating station. For
most DR owners, the cost and maintenance requirements of these measures was a serious barrier to
participation in the programs.

New England 1SO — Customer Reserves Program — 2001 Version

Background: The New England 1SO isthe system operator and market manager for the Six-date
New England region. Rdiability standards for the regiona power system require the pool to carry 2100
MW of first contingency reserves divided between 10-minute and 30-minute reserve pools. In
addition, to ensure the pool’ s capability to respond to subsequent events, an additiona 1300 MW of
reserves must be carried. Because New England lacks much “ quick-start” capacity, this 1300 MW has
historically been provided by foss| units running & low operating limit levels, where the units are less
efficient, more expendve to operate, and more polluting than would be optima. The pool collects over
$30 million annudly in uplift from al consumers for the support of this reserves program.

TheProgram: NE-1SO hasinitiated a new load response program to secure 300 to 600 MW of
customer-based reserve resources. This program has been approved by most NEPOOL decision-
makers, and is supported by the region’s utility regulators. NE-1SO expectsto file the program at
FERC in February 2001, for operation beginning in June. Thisis intended as a demongration phase of
apermanent program, not a temporary response for the next summer or year. The principa dements:

. Any Pool Participant (LSE, ESCO, or other) can sign up customers for the program,
and the ISO-NE financia arrangements are with that Participant, not the customer
directly;

. The program is Internet-based. Enrolled customers will pay about $2000 for the cost of
communications and metering equipment and must provide an Internet connection; they
will, while enrolled, see the regiona red-time prices for power;

. Customers are compensated for enrollment by receiving the market vadue of 30-minute
resarves dl year around by being available for curtailment?,

18. NE-ISO actually paysthe NEPOOL Participant who enrolled the customer; payment levels to the customer are
determined by arrangement between the Participant and the end user.
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. Thereis dso avaue-based payment for energy that is released by the customer during
any curtallment: this release istreated as are-sale into the spot market by the customer.
Thus, the customer paysits L SE the tariff or contract price that would cover that
consumption (it constructively buys the power) and then NE-1SO pays the customer
the redl-time market price for that amount of foregone consumption (the customer
congructively sdlls the power).

Program design issues: NE-1SO proposes to make this program available to customers with a
minimum load of 100 kW or greater. Since red-time communications and metering are required, the
program will have limited apped to smdler cusomers. However, alarge number of smal customers
could be controlled through radio controllers, operated from a central point, and verified Satigticaly. At
this point NE-1SO is excluding programs of this type, and it remains to be seen whether it should be
extended to them, and if so, whether it actudly will be extended..

One unique aspect of this reserve program isits overlay with the red-time energy markets. In addition
to curtallments that are necessary to provide system rdiability, customersin the program (who will have
internet access to the market and redl-time meters) may wish to take advantage of the constructive
“buy-resdl” component of the program. In some essentid eements, this approximates the demand
resdes that are operating in the PIM two-settlements market.

New England s air qudity regulators have supported the capacity reserves aspect of this program, in
part because it reduces the inefficient operation of centra station plants at low operating limit levels, and
in part because the contingencies that would give rise to reserve calls will berare. Thereis agrester
concern with the energy market aspect of the program, since resales might well be accompanied by
sef-generation with on-ste diesdl. Air regulators are consdering arule that would exclude such diesdl-
supported resdes from participating in the program.
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[11. CoNCLUSIONS AND PoLicY RECOMMENDATIONS

Although the potentia contribution of DR to power system rdiability and power qudity is subgtantid,
this potential has been sgnificantly underdeveloped. Industry traditions, rdiability rules, the costs and
choices offered customers, and the rate structures and profit incentives of generators dl stand in the
way of more robust DR dternatives. Drawing on the case examples set out in this report, we conclude
with a set of policy recommendations on actions that should be taken to enhance the contribution of DR
to better power systemsin the US.

Asaninitid observation, it isimportant to recognize that the contribution of distributed resources to the
electric grid does not have to be very large in order to have a significant effect on market clearing prices
and network reiability.

. A 1999 study by the Electric Power Research Indtitute, based on customer-specific
data from large customersin the Midwest, found that if only 10% of customer load had
been exposed to red-time prices, the resulting customer demand reductions would have
reduced the Midwest summer price spikes by 33 to 66 percent.® Robert Levin, Vice-
Presdent of the New Y ork Mercantile Exchange, was even more optimigtic, testifying
before Congressthat “a 5 percent reduction in demand during the pesk pricesin the
Midwest in 1998 could have dropped some of these prices 80 or 90 percent.”

. EPRI reached asmilar concluson after sudy of the power marketsin Cdiforniain the
summer of 2000. Hereit found that a 1% reduction in load during high peek periods
could reduce market clearing prices by 10%, and a 5% reduction in load could reduce
peak period prices by 19%, bringing down total power costs for the summer season by
510 16% overdl.

Similar observations could of course be made about the reliability contributions of distributed resources.
In many instances over the past two years, power derts and reliability events could have been avoided
if relatively smal distributed resources had been available to distribution companies or to system
operators. (And those managers know of many instances in which power warnings and rdligbility
problems were avoided because those resources were available).

After reviewing numerous rdliability events from around the nation in the summer of 1999, the DOE's
POST study team concluded that the federal government should:

. Support the development of market rules that allow customers to supply load reduction
and ancillary services in competitive energy markets,

. Encourage development of demand management systems that support eectric
relicbility;

19. Renee Guild, “EPRI’s Response to Reliability Problems” presented at NARUC, November 8, 1999.
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. Remove barriers to distributed energy resources,
. Support state-led efforts to address regulatory disincentives for integrating customer

supply and demand solutions; and
. Encourage energy efficiency as a means for enhancing riability.

Our research, review of reports such as the POST report, and review of the case studies discussed
above leads to acentra conclusion:

Cost-effective investmentsin load management, efficiency and distributed generation could
significantly improve the reliability of the nation’s éectric system, and make eectricity

mar kets mor e competitive and mor e efficient, while lowering the economic and environmental
costs of electric service.

Many changesin public and regulatory policies are needed to capture the reliability benefits of
distributed resources. We s&t out an initid list below.

A.NERC. Regiond Rdiahility Councils, RTOs and other reiahility inditutions should recognize and
seek to capture the value of distributed resources in their rules and operations

Resource adequacy and system reliability across dectric networks have traditionaly been viewed as
public goods, whose costs are recovered in broad-based rates charged to all interconnected users of
the grid. Efficiently congtructed wholesde eectricity markets, including adequate demand-side bidding
systems, can moderate volatile markets and thus, the degree to which reliability managers must
intervene in the market to ensure reliable service. Nevertheless, rdiability managers, power market
managers, utilities, 1ISOs and RTOs are increasingly finding it necessary to teke adminigtrative actions to
promote reliability and these actions sometimes include implicit judgements about the financiad
respongbility for reigbility. These adminidrative actions take many forms:

» Requiring the provison of specified ancillary services, by market participants by rule; and/or
purchasing them on behdf of dl market participants (and then imposing atariff to pay for them);

» Socidizing congestion cogts, supported through uplift charges, so that cusomersin load
pockets do not pay higher prices for power behind a congtrained interface;

« Entering the market directly through an RFP for the provison of reliability services, such asthe
emergency generators and digpatchable load contracts sought to be deployed in severa power
poolsin recent summers™;

20. US DOE “Report of the U.S. Department of Energy’s Power Outage Study Team” March 2000, at pp 19-28
(excerpts). These are some of the POST team’s key recommendations.

21. For example, in the summers of 1999 and 2000 the New England and California | SOs proposed collecting pool-
wide uplift chargesto bring in and operate emergency generators on barges anchored in the Connecticut River and
San Francisco Bay. Several pools have launched programs to acquire demand interruptions from customers who will
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« ldentifying needed transmission links and supporting their construction through broad-based
transmission tariffs or other forms of “uplift” assigned to users throughout the pool?;
« Therewill be many other variations on this theme.

System operators have, of course, traditionaly focused on transmission and supply-side resourcesin
meseting reliability requirements for eectric networks, epecialy in periods of stress. For most of these
system needs, however, there is adistributed resource corollary that could perform that same service at
lower cogt, provided that market rules were defined to include such resources, and broad-based
funding were made available to support them on the same basis as the more traditiond solutions.
Energy efficiency, load management, demand-side bidding, and distributed resources are dl potentialy
cogt-effective means of meeting rdiability needs identified by system operators and power pool
managers.

To capture the vaue of digtributed resources:

. RTOs and utility syssem managers should permit DR options to provide reiability
services on an even competitive basis with conventiona generation and transmission
options,

. FERC should require RTOs to include DR optionsin ancillary service markets on an
equivaent (but not straight-jacketed) basis with traditiona generation and transmission
options;;

. RTOs should adopt demand-side bidding and two-settlement systems to permit
capacity releases in response to market conditions,

. RTOs should adopt flexible load profiles to encourage and reflect responsive actions
by load and distributed generators,

. Research indtitutions, power pools and RTOs should adopt positive policies to support
telemetry and metering as necessary to develop DR, on the same basis as support has
been provided for generation and transmission system software by the RTO;

B. Digtributed resources should receive egud treatment with supply and transmission optionsin RTO
ad e initiatives that use uplift and other “socidized” su mechanisms

So long as vertically-integrated utilities were basing their investment decisions on the principles of
integrated resource planning, many reiability-enhancing decisions were governed by least-cost

agree to load controls directly from the I SO.

22. In 2000, the New England 1SO accepted a recommendation to support the construction of several transmission
upgrades throughout the region, as “Pool Transmission Facilities” because they would relieve transmission
congestion in certain areas, and improve the resilience of the transmission system. In NE-1SO parlance, the cost of
these upgrades will be “socialized” -- that is spread among all users of the regional transmission system through a
regional “uplift” charge. More than $120 million in capital costs will be raised, under a NE-I1SO tariff, for this purpose.
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decison-making. With the breskup of the franchise, the demise of IRP, and the assumption of new
responsibilities by RTOs and other regiona organizations, there are now numerous occasions where
broadly-funded interventions may be taken without serious consideration of less expensive and more
reliable alternatives based on distributed resources and demand-side dternatives.

For this reason, rdiability rules and investment decisions that will, by adminigtretive action, impose

costs on consumers and other market participants, should first be tested by the following standard for
the efficient provison of reiability:

The“ Efficient Reliability” Standard

Before “ socializing” the costs of a proposed reliability-enhancing investment
through tariff, uplift, or other cost-sharing requirement, FERC, the state PUC, and
therelevant RTO should first require a finding:

(2) that thereevant market isfully open to demand-side aswell as supply-

sideresour ces;

(2) that the proposed investment or standard isthe lowest cost, reasonably-
available meansto correct aremaining market failure; and

(3) that benefits from the investment or standard will be widespread, and
thus appropriate for support through broad-based funding.

If this standard were adopted as a screening tool by FERC and the nation’s RTOs when considering
proposed rdligbility-enhancing rules and investments, it would provide a much-needed disciplinein
Stuations where expensive wires and turbines solutions are proposed to address reliability problems,
and more robugt, less expensive, distributed solutions are overlooked.

C. NERC and Congress should embrace the value of distributed resources in enhancing reliability in
naiond rdiability Sandards and potentid reliability legidation

Rdiability crises across the country have brought increased attention to reliability issuesin Congress,
aong with numerous legidative proposals. The leading legidation in the last sesson of Congresswas the
so-cdled “NERC Consensus Rdiahility Bill,” which passed the Senate but died in the House. That bill
would have given anew rdiability organization, NAERO, extensve authority to promulgete rulesto
secure the reliability of the nation’s bulk power system. The “bulk power system” was defined as
induding:

(2) high voltage transmisson lines, substations, control centers, communicetions, deta, and
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operations planning facilities necessary for the operation of al or any part of the
interconnected transmission grid; and
(2) the output of generating units necessary to maintain the rdiability of the transmisson grid.

Even though reiability experts, including many at NERC, accept that demand-side options may be the
best and least expensve meansto resolve particular reliability problems, there is no mention of
distributed resources, energy efficiency, or load management whatsoever in this detailed legidative
proposal. This oversight should be corrected in any legidation Congress congiders on reliability in the
next session. Congress should make clear that part of the misson of the nation’s regulators, wholesde
power markets and reliability organizationsis to structure eectricity markets to enhance demand-side
responsiveness, and to support efficiency, load management, and distributed resources for their
economic and reliability benefits. This expanded mission should be part of the mandate of NAERO,
FERC, and the nation’s RTOs, SOs and Transcos.

Such legidation should contain a provision equivaent to the Efficient Rdiability Standard discussed in
the text, dong with explicit recognition of the role of distributed resources in promoting the reliability of
the bulk power system. For example, the definition of the bulk power system (quoted above) should
be amended by adding: “and (iii) energy efficiency, digtributed generation, and load management
operations necessary to maintain the reliability of the transmission grid.” Similar language placing
customer-side resources on an even footing with generation and transmission resources would be
appropriate in severa other sections of the bill aswell.

D. State Utility Commissions should adopt regulatory palicies that promote rdiability by promoting
appropriate use of distributed resources

Many of the policy bases for impeding or enhancing options for distributed resources lie within the
jurisdiction and traditiond practice of sate utility commissions. State PUCs should:

. Support metering and interconnection policies that permit DR to participate
gopropriatdy in ancillary service and wholesde power markets,

. Support broad-based energy efficiency programs. Apply a separate emphasis on
efficiency and load management programs targeted to stressed distribution arees, and
the funding mechanismsto pay for those investments on the same basis as trangmisson
and substation upgrades;

. Adopt output-based emissions standards for DG to protect locd environmental
resources on a technology-neutral basis;

. Promote the use of “digtributed utility planning” by loca distribution companies, and the
pursuit of least-cost distribution policies, including purchasing DR from customers
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when cost-effective.



