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EXECUTIVE SUMMARY

The Distributed Energy Resource program (DER) of the U.S. Department of Energy (DOE) envisions
DER as being a vital component to the future of eectric power generation and delivery. Their vision for
the United States is that it will have the cleanest and most efficient and reliable energy systemin the
world. DER will help make this happen by maximizing the use of affordable distributed energy
resources.! Their long-term goal is that DER will achieve a 20% share of new electric capacity additions
by 2010. They have established numerous strategies for implementing these goals that will support
research, development, and demonstration (RD& D) for advancing generation and delivery systems
architecture, including modeling and simulation tools.

Thefocus of site-specific DER assessments is

typically limited to two parties, the owner/user Distributel Generatipn Offens Redl
and the local utility. Rarely arethe impacts on FEQRRnEC R S ST e
other stakeholders, including interconnected ~_{5ervicer LS

distribution utilities, transmission system "

operators, generating system operators, other ’

local utility customers, local and regional
industry and business, and various levels of
government. These broad public benefits, as
well as the environmental considerations, make
this analysis complex. The ultimate goal of this
assessment is to quantify benefits that accrue
broadly across aregion, with more modest goals
for thisinitial phase of the work.

tion
ent:
y 4

Bruce Hedman, Onsite Energy Corporation

These costs and benefits will almost certainly not be evenly distributed, that is, one sector will have
relatively higher costs and lower benefits than another. This introduces important issues of cross subsidy,
which need to be fully understood when developing market rules. The markets, if properly designed to
reflect these externalities, can be powerful tools for prompting desirable investment and operating
responses. Ultimately, therefore, a more complete picture of the benefits associated with distributed
resources will provide invaluable guidance for future policy decisions that impact a host of market rules.

Previous studies have identified many benefits associated with DER, such asimproved power quality and
reliability to the owner, energy efficiency improvements, deferral of distribution and transmission
facilities, system voltage support, and peak |oad reductions, among others.?® Benefits rdated to
improvements in grid rdiability and security associated with increased DER penetration and reduced
reliance on central station generation and transmission facilities also merit more attention since the events
of September 11, 2001. Anincreasing number of industrial and commercial customers are finding that
traditional levels of power quality and rdiability are insufficient for the needs of their digital loads and
are driving theinstallation of power conditioners, uninterruptible power supplies, and emergency
generation. DER isalogical progression in a cycletoimprove power quality and reliability, improve
overall energy efficiency through the use of DER waste energy, and reap ancillary services savings from
the utility. The previous work also identified technical, economic, and regulatory issues or barriers that
impact DER projects.®

The objective of the current study is to develop a methodology capable of systematically assessing the

combined effects of these numerous factors. This report, the first of the study, documents initial project
efforts to develop the assessment methodology for quantifying these benefits, and includes a survey of
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nationwide DER projects, case studies of several installations, and identification of methodology
objectives, requirements, variables, and data needs.

Approximately 160 DER sites nationwide were characterized in a preliminary assessment. Factors
collected included:

= facility ownership;

* DER location;

* DER typeor equipment class;

* usage as acombined heat and power application;

= application specifics and purpose;

» usagein grid parallel operation, equipment vendor; and

* DER owner.
The characterization confirmed benefits associated with diverse installations located in almost every state.
Mature technol ogies such as reciprocating engines and combustion turbines (including combined cycle
gas turbines) make up about 33% and 18% of the DER sites surveyed, respectively. Reatively new
microturbine and fuel cell technologies comprised about 16% and 13%, respectively. Environmentally
friendly wind and solar technologies account for 4% and 2%, respectively. The DER specific technology
was not identified for about 14% of the sites surveyed.

Case studies of severa installations that typify the diverse types, usage, and benefits of DER were
prepared. They included (1) distributed generation employed to help a utility with an aging infrastructure
and constrained distribution capacity meet a high, infrequently occurring summer peak load; (2) a Public
Utility Regulatory Policy Act (PURPA) qualifying gas-turbine power plant that provides steam to a local
food processing facility and power to alocal power company; (3) areciprocating engine cogeneration
power plant operated by the Brookfield Zoo in Chicago that is run during business hours to supply
electrical and thermal 1oad; and (4) a power system that supplies electrical and thermal loads for
Vanderbilt University’ s campus and hospital that also benefited the local distribution company during
summer peak load capacity constraints. The case studiesillustrate the value of DER to several
beneficiaries; including owners, utilities, and society asit is used to cost-effectively meet a variety of
needs.

Theresults of the DER characterizations and case studies were used to help identify the requirements,
issues, and data needs for the DER benefits assessment methodology. Benefits and barriers observed in
the characterization and case studies, in combination with those noted during a review of pertinent
industry literature, were compiled. Economic factors affecting DER installations include utility rate
structures; capital, operational, and maintenance costs; value of ancillary services; transmission and
distribution expansion costs and deferral options; fuel costs; design, siting, installation, permitting, and
regulatory costs; direct and indirect costs of outages to customers, utilities, and society; and other societal
costs associated with environmental quality and land use, etc. As penetrations of DER interconnected to
the utility network or grid increase, design, operations, and planning of present and future generation,
transmission, and distribution facilities are affected. Additionally, DER may also reduce the vulnerability
of regional eectrical supplies due to decreased reliance on large central generating stations and
transmission systems and increased fuel source diversity. DER will meet the high power quality and
reliability requirements demanded by digitally dependent customers. For Internet servers, brokerage
services providers and others, the cost impact of inadequate power quality has reached truly unaffordable
levels. Many of theseindustries areinstalling DER purely for power quality correction.

At the sametime, however, the control complexity of the electrical system will increase with greater

numbers of smaller generation systems interconnected to the grid. Also, the power flow will no longer be
primarily restricted to a unidirectional flow from central generation along transmission paths to
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distributed loads. The generation paths will become increasingly bidirectional, especially if the cost
incentives of ancillary services from the DER owners areincluded. The conventional design of electric
power networks has DER penetration level limitations that will require additional changes (i.e.,
protection) in order to accommodate higher DER levels. Work is underway to identify these DER trigger
levels, which have been estimated to be above 5-10%.’






1. INTRODUCTION

Thevision of the Distributed Energy Research Program (DER) program of the U.S. Department of
Energy (DOE) is that the United States will have the cleanest and most efficient and reliable energy
systemin the world by maximizing the use of affordable distributed energy resources.* Electricity
consumers will be ableto choose from a diverse number of efficient, cost-effective, and environmentally
friendly distributed energy options and easily connect them into the nation’s energy infrastructure while
providing benefits to their owners and other stakeholders.

Thelong-term goal of thisvision isthat DER will achieve a 20% share of new electric capacity additions
in the United States by 2010, thereby helping to make the nation’s electric power generation and dedlivery
system more efficient, reliable, secure, clean, economical, and diversein terms of fuel use (oil, natural
gas, solar, hydroelectric, etc.) and prime mover resource (solar, wind, gas turbines, etc.). Near- and mid-
term goals are to devel op new technologies for implementing and operating DER and address barriers
associated with DER usage and then to reduce costs and emissions and improve the efficiency and
reliability of DER. Numerous strategies for meeting these goals have been developed into a research,
development, and demonstration (RD& D) program that supports generation and ddlivery systems
architecture, including modeling and simulation tools.

The benefits associated with DER installations are often significant and numerous. They almost always
provide tangible economic benefits, such as energy savings or transmission and distribution upgrade
deferrals, as well as intangible benefits, such as power quality improvements that |engthen maintenance or
repair intervals for power equipment. Also, the benefits routingly are dispersed among end users, utilities,
and the public. For instance, an end user may use the DER to reduce their peak demand and save money
dueto lower demand charges. Reduced end user peak demand, in turn, may lower a distribution system
peak load such that upgrades are deferred or avoided. This could benefit other consumers by providing
them with higher reliability and power quality as wdl as avoiding their cost share of a distribution system
upgrade. Inthis example, the costs of the DER may be born by the end user, but that user reaps only a
share of the benefits.

This report, thefirst product of a study to quantify the value of DER, documents initial project efforts to
develop an assessment methodology. The focus of currently available site-specific DER assessment
techniques are typically limited to two parties, the owner/user and the local utility. Rarely aretheimpacts
on other stakeholders, including interconnected distribution utilities, transmission system operators,
generating system operators, other local utility customers, local and regional industry and business,
various levels of government, and the environment considered. The goal of this assessment is to quantify
benefits and cost savings that accrue broadly across a region, recognizing that DER installations may have
local, regional, or national benefits

Aninitial effort to characterize approximately 160 DER sites nationwide was completed and is described
in Sect. 2 of thisreport. Case studies of several DER installations that typify its diverse types, usage, and
benefits were then prepared and are presented in Sect. 3. Both the characterization and the case studies
were used to help identify the requirements, issues, and data needs for the DER benefit assessment
methodology as summarized in Sect. 4.

The DER model factors and requirements are discussed in Sect. 5. The methodology will address the
factorsidentified in Sects. 1-4. It is proposed that the methodology use modified versions of several
existing macro-economic modeling tools. Other efforts sponsored by the DER Office provide an
important foundation for this model [e.g., the detailed evaluation of ancillary benefits in industrial
applications; DER systems for industrial applications; multiple assessments by the Regulatory Assistance



Project; the Consortium for Electric Reiability Technical Solutions Assessment of DER and Design of
Microgrids; the recent evaluation of power quality, protection and reiability; the cooling, heating, and
electric power (CHP) regional databases; and the in-depth barrier analysis®™].



2. SITE CHARACTERIZATION

A 1999 survey found over 2000 DER sites that use combined heat and power.™* These are only a fraction
of thetotal DER population, because that number doesn’t include the large number of power-only sites.
Indeed, a partial survey of universities currently in progress has already found almost 100 power
generating units, some of which are used to cogenerate steam or hot water.* This survey and other
previous DER surveys have concentrated on the technical description of each installation. As a part of
this current study, however, information describing the perceived benefits of DER was sought. Toward
this end, a limited survey was conducted providing basic information for approximately 160 DER sites.™
The DER installations that were characterized in the survey were gathered from industry trade
publications, Internet newsletters and forums, vendor websites, and other contacts. The survey was not
intended to be an exhaustive list or to be statistically representative of the DER installations nationwide,
but rather is a sampling of DER sites for which some information was readily available. Theintent of the
survey was to address the different applications and sites for DER and to identify the DER types and
characteristics and benefit factors that need to be addressed. For each installation, an attempt was made
to identify the following information.

* DER owner and/or user of DER whereit isinstalled—the business or organization owning the
property or facility wherethe DER is installed.

» Location—the city, state, or region (i.e., southeast) where the DER installation is located.

» Equipment type or class—the electric generating technology utilized, where the following terms
represent:

CCGT—combined-cycle gas turbine
CT—combustion turbine

DE—diesd engine

GE—qas spark engine

FC—fud cdll

MT—microturbine
PV—rphotovaltaic

WT—wind turbine.

» CHP—aYegNofied indicating whether or not the DER is implemented as part of a combined CHP
application. Notethat avalue of Yesor No is used for all applications for which this information was
available; ablank field indicates that the information was not available, but the application may still
be CHP although it could not be readily determined.

» Application Sze—thetotal dectric power output (in kW) of the DER application if there are multiple
DER units included.

»  Unit(s) Sze—the dectric power output (in kW) of theindividual units used for the DER application.
Note that a few of the installations included in the survey consisted of units of multiple size, some of
which were not specifically identified. For these cases, if the units were similar in size, an average
valueisused. Otherwise, a general rangeisincluded.

» Application—general description of the application for the DER, including any additional information
provided related to the perceived benefits achieved or expected

» Reason for Application—the driver or motivation for implementing the DER at thissite. The
information in this field also indicates the perceived benefits of the DER installation.



» Grid-Parallel Operation—a Y es/No field indicating whether or not the DER application is configured
for grid parallel operation. Notethat avalue of Yesor Nois used for all applications for which this
information was available; a blank field indicates that the information was not available, but the
application may still be configured for parallel operation although it could not be readily determined.

* Vendor/Installer—any available information related to the companies facilitating the application
including the manufacturer of the DER hardware, suppliers of the control equipment, the system
integrators, etc.

*  Ownership—the company that owns the DER equipment. Thisfield also indicates whether the utility,
customer, etc., financed the application.

» Contact—the person to contact regarding the DER application information

Figure 1 shows the location of the DER installations included in this survey across the United States.

Note that numerous San Francisco, Los Angeles, Chicago, New Y ork, Boston, and Washington, DC,
installations share “dots’ on the map. Although this survey is not a satistically representative sample, the
concentrations of DER installations in California, the northeast near New Y ork, and the Chicago areaare
logical given the generation capacity deficits in these areas over thelast 3—4 years. In addition to the
concentrations in these “hot spot” areas, Fig. 1 also indicates that DER installations exist all across the
country, including Alaska and Hawaii. Table 1 shows the actual number of DER installations included in
the survey that arelocated in each state.

Fig. 1. Geographic dispersion of DER installationsidentified in survey.



Table1. Number of DER survey ingtallations by state.*

State DER sites State DER sites
CA 25 LA 1
NY 18 AZ 1

IL 17 AR 1
MA 7 1A 1
NJ 7 AL 1
PA 7 GA 1
MN 5 IN 1
Ml 5 MS 1
OR 5 KY 1
FL 4 RI 1
OH 4 VA 1
HI 4 wy 1
MD 4 ND 1
(6(0) 4 NE 1
TX 4 TN 1
Wi 3 NM 1
AK 3 NV 1
ID 2 SD 1

WA 2 OK 1
NC 2 KA 1
CT 2

*The survey datais not statistically representative of nationwide sites. It simply
represents readily available data

Figures 2 and 3 show the DER technology breakdown for the installations included in the survey. Again,
although not statistically representative of DER installations in general, the survey shows that
reciprocating engine generators, either diesel or gas-fired, are the most common DER technology with a
third of those included in the survey classified in this way. Microturbine, fuel cdl, and combustion
turbine installations each comprise approximately 15% of the DER installations. Combined-cycle gas
turbines, wind turbines, and photovoltaic panels each account for less than 5% of theinstallations. The
specific generating technology could not be identified from the available information for approximately
15% of theinstallationsin the survey. Approximately 60% of the installations are CHP applications,
although there are unknowns regarding CHP application.
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Fig. 2. DER technology breakdown by the number of ingallationsincluded
in the survey.
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The 162 installations included in this limited survey vary considerably in total application size, where
application size is the aggregate of the electrical output of all of the generating units in the installation.
Figure 4 shows the number of installations included in the survey per eectrical output ranges.

35
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Count

15
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25000

Total Application Size (kW)

Fig. 4. Number of installations per total DER installation electrical output.

Figure 5 shows the distribution of individual units, as opposed to the total installation size. A high
percentage of the individual units fall in the ranges characterized by the microturbine and fuel cdl size
units, less than 100 kW, and the ranges characterizing the larger reciprocating engine and gas turbine
units, greater than 1000 kW.

It is also interesting to examine the ownership of the DER units included in this survey. Figures 6 and 7
show the ownership according to number of installations and installation capacity, respectively.
Approximately 21% of theinstallations are demonstrations, with installation costs subsidized by the
government, the utility, and or the manufacturer. Many of these demonstrations are fuel cells or
microturbines, and they account for only 2% of the installed capacity for this survey. Three of the
installations are labeled merchant/PURPA. These are large units, accounting for 20% of theinstalled
capacity, and they sdll their electrical generation to a utility and their thermal generation to another
customer. Utilities own one-fifth of the installations, but they account for almost one-half of the installed
capacity. Thislarge population of utility-owned distributed resources shows their recognition of the
significant benefits offered by these technologies. One of the case studies included in this report is a good
example of a utility’s use of distributed resources to delay a large transmission system investment. Such
delays are of economic valuein their own right, and the distributed systems also enhance the utility’s
flexibility to meet the uncertainties of future load growth.
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Fig. 5. Number of installations utilizing individual DER units per electrical output range.
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3. CASE STUDIES

Thesite survey noted that there are DER installations in amost every state in the United States and that
there are numerous reasons for their installation, including power system reiability, reducing energy
costs, improving efficiency through CHP, meeting peak power demands, emergency power, and other
reasons. In order to gain additional insight, several DER sites were studied in more detail in order to
quantify the benefits, economics, and other factors associated with the installations to their owners and to
other affected parties, such as interconnected utilities and society.

Four case studies were performed.”*** Thefirst study describes a narrow coastal island with occasional
high summer peak loads that challenge an aging distribution system. The second case study examines a
cogeneration plant that was built primarily in response to PURPA and provides steam to a potato
processing facility in Idaho. Thethird case study examines a CHP application at the Brookfield Zoo in
Chicago. Thefourth case study describes the Vanderbilt University’s power plant that produces the steam
requirements and a portion of the electric power needs of the medical center and campus in Nashville,
TN. Each case study described below provides a description of the facility, its operation, its economic
picture at a high level, and the issues and risks that were faced by the operators and stakehol ders.

31 CASE STUDY 1—NARROW COASTAL ISLAND DER INSTALLATION
3.1.1 Description

This case study describes an actual DER installation that is being used by an eectric utility in the
northeastern United States. The utility serves a narrow coastal island off the northern Atlantic coast with
permanent and summer populations of 15,000 and 100,000 residents, respectively. Approximately one
summer out of three, theisland receives no ocean breeze and conditions are unusually hot and humid.
These conditions result in an island peak load that exceeds 70 MW but for only a few days. Summer
peaks for the other 2 years only reach approximately 67% of this peak summer load (or ~47 MW), and the
normal (average) daily peak demand is between 30-40% of the annual peak (or ~14-19 MW). Because
of thislow load factor, the revenue return on the utility investment required to meet the peak demand is
quite low. Consequently, asthe areaload grows to the point that it exceeds the maximum capacity of the
existing power supply, distributed generation is a viable alternative to the normal “wires’ solution. The
areaisfed by an aging 23 kV subtransmission system, which s, in turn, supplied by a 69 kV transmission
system. There are three distribution substations on the island supplying a 12.47 kV distribution system.
Figure 8 shows a simplified one-line diagram for the planning area including the distribution system on
theisland. The 23 kV system is near maximum capacity when the summer peak occurs. There arefive
23 kV submarine cables feeding the island from the mainland. For at least two possible contingencies
associated with these cables, the peak load at the south end of theisland out of the Island Sub #3
substation cannot be served. For the summer of 2001, these contingencies were covered with 5 MW of
leased diesdl generators (DG) installed in the Island Sub #3 substation. The DG units are also supporting
the area preceding the construction of new transmission capacity.
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Fig. 8. Narrow Coastal Island one-line diagram.

In addition to the decision to cover the 2001 summer peak with the leased DG units, the utility is
considering the use of DG to maintain margins for the next several years. They estimate that there are
between 5-7 years of capacity remaining in the normal configuration of the 23 kV system provided DG is
available to meet the peak conditions. The 69 kV system will be reinforced by 2004 with an extension of
the 230 kV transmission system. In the meantime, however, an outage on the 69 kV to 23 kV substation
feeding the island can make it difficult to serve the load in the northern part of theisland. Transmission
system studies suggest that an additional 5 MW of generation on the island would help cover this
contingency. Following theinstallation of DER in the critical southern location, the next optimal location
was found to be afew miles north of the Island Sub #1 substation. Thiswould cover the single
contingency loss of a 69 kV line feeding the 23 kV to theisland and would free up capacity on the two
feeders out of 1sland Sub #1 that serve the northern half of theisland.

12



3.1.2 Benefits

This case considers two DER solutions. Thefirst is the use of DER to cover possible contingencies and
to support area transmission voltages. This solution includes the 5 MW of diesel generators that were
installed at the Island Sub #3 substation during the 2001 summer months and an additional 2 MW of DER
that would be needed for the same purposes by about 2003. The second DER solution described in this
case study is the use of smaller, customer-owned DER to provide additional capacity as the demand on
theisland grows over the next several years. This solution has been studied and is being considered for
implementation.

The chief competing alternative to using DER to maintain the power ddivery reliability on thisisland isa
“wires’ solution (or distribution system upgrade). A primary consideration of the wires alternativeis
retiring the old subtransmission system. Advancementsin line and cable technology and increasesin load
have rendered this system obsolete, and maintenance is becoming more costly. To retire the existing 23
kV subtransmission system, the transmission system (two lines for redundancy) would be extended to the
Island Sub #1 substation. The Island Sub #1 substation would be rebuilt with two new 70 MVA
transformers stepping down directly from 69 kV to the 12.47 kV distribution voltage. Two 12.47 kV
express feeders would be run from Island Sub #1 to the southern part of the island to pick up the
distribution load now served from the Island Sub #2 and Island Sub #3 substations. Thetotal cost of the
“wires’ solution, which includes both the wires upgrade and the substation upgrade, is approximatdy
$10M. Just on gross rating alone, this results in a marginal cost of approximately $90/kVA, whichison
the high side for typical wiresinvestment of $20-100/kVA. This high-side value results from the need to
upgrade the substation in addition to new lines. |If the load continues to grow as expected, the wires
solution would have to be implemented in about 6 years to serve the peak |oad in the normal
configuration, even if the DER units were available to handl e the contingency |oads.

DER is attractive to the utility in this case because the additional capacity is needed only in the summer
months to serve the seasonal load. Therefore, leasing diesel generatorsis a very cost-effective option to
cover these contingencies and to allow deferral of the wires solution until it is absolutely necessary. In
addition to the lower cost of |eased units, a major benefit is the ready availability of self-contained DG on
trailers. These can be brought to the site and connected through a step-up transformer in a very short
period of time, especially if compared to thetime required to install the wires solutions. The cost to
purchase such a unit outright is currently about $200/kW. However, several vendors offer leasing
arrangements where the units are leased only for the summer months for applications like the one
described here. Thelease cost is approximately $40/kW-year plus approximatdy $50K initial installation
cost incurred in thefirst year for each pair of trailers.

A comparison of the cash flows associated with the DG leasing option and the wires alternative indicates
that applying DG units as needed over the next 6 years can defer the T& D investment, saving
approximately $1M. These savings can be larger if revenues associated with selling energy into the
power markets are considered.

In summary, the benefits achieved for the summer 2001 DG installation and the benefits expected from
the on-going DG solution being considered are;

1. Deferal of transmission and distribution (T& D) investments by the utility. Because of the annual
load profile of the island, the return on permanent investments in T& D infrastructure are such that
leasing DG units to cover possible contingencies during the summer peak load periodsis an
attractive alternative. Technical and economic analyses show that DG can defer these T& D
investments for as much as 67 years, saving approximately $1M.
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2. Increased rdiability for energy consumers on theisland. The application of the DG at Island Sub
#3 for the 2001 summer provided theisland with an added measure of protection against
sustained interruption of eectrical service. Evenif the utility € ects to pursue the “wires’
solution, DG will have provided a useful bridge between the finalization of the wires plan and the
actual wires implementation.

3. Theshort timeframerequired for the DG installation provides both economic and reliability
benefits when the uncertainty of the load growth is considered. For example, additional units can
be quickly installed to meet unexpected growth. Alternatively, if the growth isless than
expected, the low cost |eased units can extend the deferral time before the wires are replaced.

The second DER plan would involve the implementation of smaller, high-efficiency generation
technologies over several years to offset growth in eectrical load. These would be customer-owned and
much of the potential benefit will beto customersin the form of lower total energy costs. However, if
sufficient generation can beinstalled in appropriate areas on the island, deferral benefit to the utility is
possible by delaying distribution line upgrades.

3.1.3 Costs

The costs associated with the installation of DG at I1sland Sub #3 for the 2001 summer included the
explicit costs of leasing the units and site work at the substation to allow for their installation. All
maintenance for the unitsis included in theleasing costs. There arefud costs that must be considered,
and, given that the units will likely be utilized mostly on summer weekends when the market cost of
power isrdatively low, the fud costs may be more than the cost of purchased power. However, these
costs have all been considered in an economic comparison of the DER solution with the wire solutions
and this analysis indicated that the DER solution was the most economical choice.

3.1.4 Risks

Therisks associated with adopting the DG solution are rdated to uncertainties in the projected load
growth and uncertainties in the ability of the existing wires to provide service for another 6 years (i.e,, if
either the base load grows more quickly, or if the wires fail prematurely, it may be necessary to upgrade
the wires before the planned 6-year period). This would then negate the financial benefits of deferring the
wires upgrade expenses. However, thisrisk is offset by the very qualities that led to the selection of DG
inthefirst place — its short installation time and lower capital costs. Sdecting the wires solution at the
current time would result in much higher sunk costs and less flexibility to meet the uncertain load growth.

The second phase of DG may not provide significant deferral value to the utility if the DG is either not
sited in the proper location or thereis an insufficient amount of DG installed by customers. It may not be
possible to find enough customers with sufficient thermal load to install energy-efficient DG
economically. And of course, oncethe wires areinstalled, this additional capacity would have no
remaining deferral value of the DG to the utility, although they would continue to provide value to their
OWners.

A final risk concerns power quality. Both DG and wires solutions pose their own power quality concerns.
Long transmission and distribution lines are inherently vulnerable to weather as well as equipment
induced disturbances. Being closer to the load DG can increase power quality and provide voltage
support but potential power quality issues can ariseif the units wereto trip offline.
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3.2 CASE STUDY 2—MAGIC VALLEY FOODS COGENERATION PLANT
3.21 Description

This case study describes a 10 MW PURPA qualifying facility (QF) in Rupert, ID. This plant was built
primarily in response to the PURPA law to provide steam and e ectricity to Magic Valley Foods' potato
processing facility in a more energy efficient and environmentally friendly way.

The cogeneration plant is operated by athird party who sells steam to Magic Valley Foods and €l ectrical
energy to ldaho Power. The plant is situated near a natural gas pipeline that runs through the areaand is
~0.5 mile from an el ectrical power system substation. It burns natural gas in a combustion turbine
manufactured by Solar Turbines (Caterpillar Corp.) and uses the high-temperature waste heat to produce
steam needed in the processing of potatoes. Formerly, Magic Valley Foods used coal-fired boilers to
generate steam. The present operator of the plant is Black Hills Power.

This plant is somewhat uniquein that it is physically located in the service territory of arural eectric
cooperative that buys power from the Bonneville Power Administration. The power is wheeled through
Idaho Power lines. Theplant is interconnected to the utility system at the transmission levd rather than
the distribution system and sdlls power to Idaho Power. Being a PURPA QF, Idaho Power isrequired to
buy the power. The Idaho Public Service Commission initially set the price for eectric power at
approximately $80/MWh but has dropped the price that 1daho Power is required to pay to approximately
$50/MWh in recent years. Thisistypical for PURPA QF generation throughout the nation. (Note that
Idaho Power is only required to pay small cogenerators at a rate of 2.456¢/kWh, or $24.56/MWh for all
power generated.’)

Magic Valley Foods also converted their coal boiler to natural gas. Thisis currently used for standby
steam generation in case of an outage of the cogeneration plant.

3.2.2 Benefits

As with many PURPA QF plants, the primary benefits are to the DER plant operator and the recipient of
the plant’s thermal energy. In this specific case, the plant operator has benefited by being able to sl
electricity at ardatively high price compared to the local market and, also, to sell the steam to Magic
Valley Foods. It was not determined if Magic Valley Foods is able to benefit financially from the sale of
the DER plant’s el ectric power.

Although contractual arrangements are not known, the steam supplied from the cogeneration plant is
assumed to be have been provided at a more favorable cost than operating the coal boiler. Besides the air
quality issues, the conversion to natural gas likely reduces maintenance costs for the steam boailer.

The societal benefits are largely related to the emissions from the plant. By converting from coal to
natural gas, the air quality would be expected to improve significantly. Even if the PURPA plant burned
coal, therewould be a net environmental benefit associated with the higher cogeneration efficiency
compared to burning coal separately to generate steam and el ectricity.

According to Idaho Power, the utility did not notice any benefits from this plant until the winter of 2000—
2001 when the California energy crisis resulted in skyrocketing dectricity prices. Theregion served by
Idaho Power is not deregulated and is likely to be one of the last areas in the nation to deregulate. The
area currently enjoys some of the lowest energy prices in the nation, so thereis little incentive to
deregulate.
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Idaho Power is required to buy the power from this cogeneration facility. Most of thetime, this cost is
substantially higher than the cost from Idaho Power’s own generation facilities and the regional prices for
purchased power. The utility’s regulating agency apparently permits the utility to pass through the cost of
this power to the ratepayers so that thereis no net cost to the utility. During the period when power prices
in the western United States were $250/MWh and higher, the power from PURPA QFs was a bargain.

All QFs sdling power to |daho Power were dispatched on as much as possible.

The utility has identified few benefits to the transmission and distribution system that result from the
DER. The utility did not need any additional capacity in the area when the cogeneration plant was built
and still has sufficient system capacity to serveits serviceterritory. Sincethe plant isinterconnected at
the transmission level thereis no impact on thelocal distribution systems. Therefore, thereis no
investment deferral that can be claimed as a benefit to the utility. The dynamic voltage support offered by
the DER has not been valued by the utility. Thefacility istoo small to likely defer transmission
expansion in the future. Thus, the main benefit of the DER to the utility isto serve as a hedge against
power market price spikes. It isnot known if the benefit has been quantified but should have been
substantial during the high-price period.

3.2.3 Costs

If the utility is able to pass through the cost of the purchased power to its other customers, then one might
argue that other utility ratepayers are subsidizing the costs of operating this facility. Thereis some
validity to this, although the net impact to the ratepayer is likely minor since the capacity of QFson the
systemis small. Of course, this was one of the major reasons for the PURPA law: to develop financial
support for more efficient and less polluting dectricity supplies.

The use of short and/or long-term contracts for both fuel purchases and power and steam sales can affect
the profitability of the PURPA plant. Any producer (of almaost any commodity) must balance therelative
risks and benefits when negotiating these contracts. For example, recent short-lived gas price increases
could be avoided with pre-existing long-term fuel costs. On the other hand, long-term power sales
contracts could prevent the owner from harvesting maximum profits from recent high regional power
prices.

3.24 Risks

Theonly risk identified would be associated with the long-term supply of natural gas. Of course, this
cogeneration plant represents one of the more efficient uses of the gas resource.

3.3 CASE STUDY 3—BROOKFIELD ZOO COGENERATION AND STANDBY POWER
PLANT

3.3.1 Description

The basic information on this case comes from published information from the supplier of the
cogeneration system, Nicor Solutions of Naperville, IL.

The DER systemisinstalled at the Brookfield Zoo in Chicago, one of the nation’s preeminent zoos. The
motivation for installing the system initially came from a 24-h power outage in 1996 that nearly
necessitated the moving of the zoo's dolphin population to Florida. In addition to acquiring backup
generation capacity, 2200 kW of generation was installed as cogeneration, supplying thermal load as well
as dectrical load.
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The DER technology consists of two 1100 kW natural gas engines and one 1600 kW diesel generator.
The gas engines operate from 9:00 a.m. to 6:00 p.m. daily while the diesel operates only during an
emergency. At other times, the zoo purchases all its power from Commonwealth Edison (Com Ed).
When outages occur, the entire zoo load can be served by running the diesel generator in addition to the
gas engines.

3.3.2 Benefits

According to the marketing literature from Nicor Solutions, the zoo expects a paositive cash flow of more
than $700,000 over 10 years. Thereis no detail given on how this benefit is computed, but it is assumed
to include the benefits from both offsetting the thermal load from other sources of energy and the
purchase of electrical power. From the basic information supplied, some details can be deduced.

The engine-generator system isto run 9 h per day. Assuming daily operation, the generators will produce
approximately 7300 MWh per year. Over 10 years, thiswill be roughly 73,000 MWh, less downtime for
rebuilds. The generators are operated only during daylight hours, and there are several possible reasons
for this mode of operation. Thistime may coincide with a higher-priced el ectricity rate, or it may be the
time of the zoo's peak |oad (which would likely be associated with the time when they are open to the
public), which could allow them to reduce their demand charge.

Official comment from Com Ed has not been received with respect to this case. However, some
information has been gathered from industry sources with some knowledge of the general situation for
DER in the Chicago area. Com Ed has experienced significant load interruptions over the past few years
associated with high summer loads. They have been forced to intermittently drop load to large numbers
of customers and have even gone so far asto ask local fire departments to help cool off over-loaded and
overheating transformers.’® Other measures taken by Com Ed include offering a Curtailment Program to
their business customers, and paying up to $100 to interrupted customers. To meet some of the load,
Com Ed has employed DER, to the extent that they are one of the leading utilities in applying mobile
generators to help meet capacity during summer peaks. This gave them the ability to provide support for
transmission system contingencies and to operate as a hedge against high-power market practices. Over
the last 2 years, Com Ed has instituted an extensive maintenance and load prediction program to improve
their reliability. (Notethat this program was begun 4 years after the extended outage experienced at the
Brookfield Zoo.) With these improvements, and with the past two summer temperatures being cooler,
Com Ed has reduced its leasing of mobile generators.

It isunknown if there are any distribution deferral benefits to the utility in this cogeneration application.
However, there may be several distribution areas in the Com Ed service area that have constraints.”’
Constraints such as overl oaded substation transformers would benefit from having load offset by DER. |If
these constraints exist, DER would certainly have value to the utility.

If thisis a simple behind-the-meter interconnection, generation means areduction in e ectricity revenue
from serving thisload. Like most utilities in this situation, Com Ed has been known to resist the
implementation of interconnected customer-owned generation. In recent years, the company has been
more receptive given the notable problems with supply constraints of some recent hot summers. While
the value of this kind of cogeneration may not be easily quantified, thereis an implicit benefit to the
utility in offsetting high e ectricity prices.

Because of the unknown utility factors, this evaluation has only been able to quantify the benefits enjoyed

by the user. By being ableto supply the thermal load during the day, the application is able to generate a
net positive savings.
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3.3.3 Costs

The utility would not be expected to incur many incremental costs for serving this site. Despite Com Ed's
extensive outages, sufficient backup capacity should have been in place prior to the 1996 outage that
initiated the installation of this generation. Depending on the rate tariff, the zoo may incur demand
penalties or backup power charges if the cogeneration wereto be out of service during the day when the
demand charges (or time-of-day charges) are higher.

3.34 Risks

With $0.01/kWh net savings (or about 10 to 20% savings on electricity costs), the savings at this site
would be sensitive to any volatility in natural gas prices and electricity rates. However, the availability of
multiple energy sources can also provide a buffer from such volatility. Engine failures over the 10-year
period could significantly erode the projected savings.

34 CASE STUDY 4—VANDERBILT UNIVERSITY POWER SYSTEM
3.4.1 Description

The Vanderbilt University central energy plant provides thermal and e ectrical loads for the Vanderbilt
University and the University Medical Center. Vanderbilt’s thermal loads (including five absorption
chillers) are met using three 70,000 Ib/h coal-fired boilers and, beginning early in 2002, with two heat
recovery steam generators attached to two gas turbine generators. Vanderbilt’s dectrical |oads are met by
a combination of power purchased from the Nashville Electric Service (NES) and its own generation
facilities, including a 7 MW backpressure turbine generator, a 4.5 MW fully condensing turbine
generator, two 5 MW gas turbine generators (effective in early 2002), and two 2.75 MW emergency
diesel generators. Additional 100,000 Ib/h and 70,000 Ib/h boilers are used as standby units. Figure 9
shows the boilers and generations that make up the Vanderbilt cogeneration facility.

Vanderhilt base-loads its steam load requirements with its coal-fired boilers and steam recovered from the
exhaust of the gas turbines. Additional steam needs are met with supplemental, high-efficiency natural
gas firing to the turbine exhaust.

3.4.2 Ben€fits

There are several key benefits for Vanderbilt owning and operating a distributed power generating source
onsite. In addition to generating steam for use on campus, the primary benefit is the utility cost savings
that can be realized with the use of limited interruptible power (LI1P) and economy surplus power (ESP)
contracts. Vanderbilt presently has a LIP contract with NES. This contract allows Vanderbilt to buy
power at cheaper rates when its demand exceeds the contract’ s firm demand, providing that Vanderbilt is
capable of reducing its demand below the firm demand within 24 hours. The LIP rates are significantly
lower than other rate schedules.

A second benefit to the use of distributed power isthat it provides alevel of protection from catastrophic
failures on the utility side. Inthe summer of 1998, NES experienced a short period where several
distribution lines experienced low voltage due to being near capacity and were closeto failure. In order
to circumvent a power outage to the entire system, Vanderbilt and other DER customers were asked by
NES to begin to generate power to reduce the load to the utility. With the ability to generate
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Fig. 9. Vanderbilt cogener ation facility.

approximately 50% of its total load, the Vanderbilt system and the NES distribution network continued to
operate without any interruptions.

A third benefit Vanderbilt experiences with the use of onsite generation is the multifuel capability of the
systems. With the ability to utilize natural gas, coal, or fud ail to produce steam and power, Vanderbilt
has the ultimate flexibility to enter arbitrage with local vendors. These negotiations inherently lower the
operating cost of the facility.

343 Costs

Vanderbilt University presently has a contract demand of 39 MW and a firm demand of 19.5 MW, or
50% of the contract demand. This means that Vanderbilt will buy power at the normal utility rates for
energy and demand below 19.5 MW. However, when the demand exceeds 19.5 MW, they will pay
reduced LIP rates. In addition, Vanderhilt is required to curtail its demand below 19.5 MW within 24 h
notice by the utility. The LIP analysis assumes that atotal of 17 MW of on-site generation can be
generated during a curtailment period. This arrangement has provided Vanderbilt with significant cost
savings, ~$1.2 million over the past 12-month period.

Because of their location in the Tennessee Valley, where alarge part of the dectricity is generated in

relatively older coal-fired power plants, the Vanderbilt installation likely has a net beneficial
environmental impact. However, they were still required to meet a host of environmental regulations.
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Hereis an abbreviated summary of the tasks that were required to meet that burden; the list would vary
depending upon system size and local regulations. Under New Source Review, the facility met the
definition of a Major Modification and was subject to a Prevention of Significant Deterioration (PSD)
review. The computer modeling of atmospheric pollutant concentrations conducted for the Vanderbilt
facility demonstrated compliance with both the National Ambient Air Quality Standards and allowable
ambient air increments. The gas turbines at Vanderbilt were also subject to the New Source Performance
Standards, which included an emission standard for NOx emissions and required a performance test after
theinitial start-up to demonstrate compliance with the standard. The Vanderbilt facility is not located in a
designated nonattainment area, and, therefore, lowest Achievable Emissions Rate and offsets were not
applicable.

3.44 Risks

Vanderhbilt runs its own utility system and assumes the costs and risks of running the system. They buy,
operate, and maintain their generating and distribution equipment. They negotiate their own agreements
with equipment suppliers, fud suppliers of various types, eectrical power with NES and TVA, and
interact with capital markets. With increased energy efficiency gained through cogeneration, this well-
managed system offers considerable savings.

NES is attentive to Vanderhilt's system, as well as other customers with on-site generation. The
consensus at NES concerning the system challenge in 1998 is that distributed power generators like
Vanderbilt provided some benefit at the time and could have provided more if their capacity were greater.
Additionally, the Vanderbilt substation was only able to provide limited voltage support to NES' power
lines experiencing the most operational problems because of their rdative locations, see Fig. 10.
(Vanderhilt has since added an additional 10 MW in electric generating capacity that is expected to
become operational in early 2002.) Reflecting a common utility preference, NES stated that the benefits
to their system would be maximized if they were more directly involved in the selection, location, and
maintenance of DER resources. Clearly improved methods for customer/utility mutual support are
required that do not involve one entity having to own the facilities of the other.

20



/7 ?INN' S'l'/

ﬁ\/ ET”

C134))

y \
/ (135)'6

1

(136))

?
B

8

137>

Fig. 10. NESédectrical distribution map (Vanderbilt area).

21




22



4. SUMMARY OF SURVEY AND CASE STUDY DER BENEFITS

A review of the surveyed DER installations and the more detailed case studies reveals the variety of
benefits that accrue to the owners, energy users, and the utilities. Benefits to other parties are not
typically revealed by such survey instruments. Also, notethat in today’s economic environment, there are
no price signals to reveal the value of ancillary services that are available from DER, so that those
benefits are also not revealed by the survey.

The broad survey noted each installation owner’s reasons for installing DER, and these reasons are a good
summary of the owners’ perceived benefits. Some owners responded with a single reason, others with
four or five. Figure 11 summarizes thesereasons. The most common response was to take advantage of
cogeneration, which increases the overall energy-use efficiency. Cost reduction was often cited by these
same customers. Rdiability improvements were nearly as frequent; these included both outage avoidance
and power quality considerations. Meeting peak demands was frequently cited as a reason by utility-
owned DER installations and was sometimes directly identified as addressing a grid (transmission or
distribution) constraint. A significant fraction of the DER were installed in response to regulatory

signals; that is, they were designed to avoid peak demand charges or to enable the customer to participate
in an interruptiblerate structure. Both end-users and utilities cited the avoidance of price spikes as their
reason for installing DER.
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Fig. 11. Reasonscited for installing DER.

A review of the more detailed case studies reveals similar benefits; again cogeneration, reducing costs,
increasing reliability, and price protection were leading incentives. One case study was also aclear
example of alocalized transmission constraint, while two other case studies mentioned such constraints as
possible factors.
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According to this limited review, a mgjority of the DER tended to fall into three major categories. Many
wereinstalled to meet base load growth or replacement; these typically employ cogeneration and were
recognized as reducing overall energy costs. Others were installed to meet peak loads, sometimes by a
customer avoiding peak demand charges and sometimes by a utility with a need to serve these less
frequently encountered load levels. The sdection of DER technology for such peaking applications
tended toward those with alower capital/operating cost ratio in recognition of their relatively low hours of
use. Thethird major category of installations was associated with technology demonstrations. The large
proportion of DER demonstrations is closely associated with the rapid pace of change and development in
thisfield as well as with the recognition of DER benefits by both public and private funding
organizations.

After the well-understood economic benefits come the more complex issue of rdiability benefits. Some
of the cases discussed the ability of DER to serve as a back-up power source during an utility power
outage. Several discussed the ability of DER to enhance the local power quality, providing a measure of
insurance against not only outages but also against voltage sags. This broader area of power quality and
ancillary benefits has been more fully explained in Ref. 2, but arigorous exploration of DER benefits
must address them aswedl. These ancillary benefits include voltage support or stability, VARS,
contingency reserves, and black start capability.

Many customers need a higher level of power quality than is presently supplied by their local utility or
distribution company. These customers include healthcare, communications, semiconductor
manufacturing, some food processing, etc. Voltage sags and interruptions for these customers cause
outages which result in a significant economic impact from spoiled products, lost raw materials, lost
production time, etc. These customers are aware that they are suffering from a problem with power
quality, but the cause of the problem, the extent of the problem, and the solution are not always well
known. A few industries have explicitly defined their power quality requirements. Their work offers
insight into the impacts of poor power quality on other customers as well and, therefore, may be useful in
determining the value of DER power quality improvements.

Semiconductor manufacturers face an extreme cost penalty from voltage sags that interrupt their
manufacturing process. The Semiconductors Manufacturer’s Institute (SEMI) has devel oped a power
quality requirements curve (see Fig. 12) that gives the minimum voltage vs time that their equipment is
expected to ride through. With this curve, they can specify tools such as adjustable speed drives or
controllers that are designed to function during the anticipated power quality events. Voltage sag
susceptibility information is now available on a range of equipment from computers and microprocessors
to rdays and solenoid valves. By defining their power quality susceptibility level, the customer could
design their DER level to exactly match their power quality needs. Interestingly, in areas with the worst
problems with voltage sags, such as at the ends of distribution feeders, ancillary services such as voltage
regulation and supplementary reserve are most needed. Further, inverter-based DER (such as
microturbines and storage devices) can be designed such that the full dynamic voltage support capability
of their active power dectronics system is available even when real power is not being produced, i.e.,
when the DER is turned off and no fuel is being consumed. Appropriatey compensating the DER owner
is critical for the utility to be able to exploit this capability.

The survey and case studies have identified benefits enjoyed by the customers, and sometimes by the
utilities. However, other members of society also gain from the use of DER. When cogeneration
increases the overall energy conversion from less than 40% to more than 80%, economic and
environmental benefits almost always follow. The economic benefits can include an increasein price
stability for other customers, areduction in the demand for fuel supplies with a corresponding reduction
intheir cost, adelay in energy price increases associated with a delay in transmission/distribution system
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infrastructures. There can be other, more indirect, economic benefits to society aswell. For example, if
production waste and other costs decrease, product prices may fall as well.

The environmental benefits are more complex and may not occur in the same geographical |ocation as the
DER. For example, if the DER is placed in an urban area, combustion emissions may be reduced in some
more remote, less densely populated region but may increase in that local urban environment. In addition
to the geographic complexity, the net impact on emissions depends on the DER technol ogies and on the
alternative central station technology. Thereis also an efficiency gain associated with the production of
electricity closeto the point of use because that reduces transmission line losses. Some DER
technologies, such as cogeneration, are more efficient than central station power generation. The net
impact of DER on emissions also depends on the fuel mix used to generate theregion’s central station
power. Figure 13 is aprototypical fuel supply curve. If the DER is gas-fueled and displaces gas, the
emissions reduction will depend on the specific technologies and efficiencies involved. If gas-fueled
DER displaces coal-fired combustion, there will almost always be a net improvement in the environment,
although as described above, that improvement may not be enjoyed in the same location as the DER
installation.
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5. ANALYSISMETHODOLOGY

The survey and case studies helped to identify benefits associated with installing and operating DER at
various sites. In particular, benefits associated with electric system rdiability, power quality, and reduced
costs for providing eectric power to the site were noted. However, expanding from these anecdotal
examples to an overall understanding of the scope and magnitude of DER benefitsis not straightforward.
Indeed, the efforts described in this report are seen as but the first step in a more comprehensive study of
DER benefits.

Asin the preceding case studies, the focus of site-specific assessmentsis typically limited to two parties,
the owner/user and the local utility. Rardly aretheimpacts on other stakeholders, including
interconnected distribution utilities, transmission system operators, generating system operators, the local
and regional population, local and regional industry and businesses, various levels of government, and the
environment considered. The goal of this study is to quantify benefits that accrue broadly across aregion,
recognizing that DER installations may have local, regional, and national benefits. This complexity will
require the development of an assessment methodology that builds upon existing technology and
econometric assessment tools.

A literature review (Appendix A) of current, pertinent industry periodicals and articles was conducted to
build upon the observations from the site survey and case studies. This review helped identify data
sources that will be especially helpful in constructing the assessment methodology.

Despite their advantages, DER installations face a plethora of deployment obstacles. Such barriers have
been previously described and documented.® The barriers may be technical, business practice, economic,
regulatory, or environmental and may add considerable uncertainty to a DER project’s viability. Many of
theseissues arein a state of flux and will, therefore, be examined by defining multiple scenarios. For
example, considerable effort has been directed at the DER interconnection standard issue, notably the
|IEEE P1547, IEEE Std 929, UL 1741, the Public Utility Commission of Texas' Distributed Generation
Interconnection Manual, and several other interconnection guides and manuals.®?' Because the outcome
of these effortsis anything but certain, this benefits methodology will examine several possible
interconnection arrangements. Likewise, the Regulatory Assistance Project has closely examined
regulatory issues associated with DER. Their work will serve as the foundation for multiple regulatory
scenarios within this current study.*>8°

Just asthisinitial evaluation began with specific case studies, the aggregate study will also start with
prototypical DER installations. These will be constructed using results from the recently published
technical evaluation of the feeder-level performance of DER.™ Progressing from this prototypical DER
installation model to a more global assessment will be accomplished by taking advantage of a number of
existing tools.** These tools have been used in the past to analyze the impact of policies and
technologies on air emissions, to study the impact of hydropower facility relicensing, to study the
potential reductions from biomass cofiring on alocal, regional, and national level, and to study the cost
impact of multi-emission regulations vs. emission by emission regulation.?*? This set of economic
modeling tools were recently expanded to include an assessment of combined heat and power in federal
buildings. Although further tool development will be necessary, these modifications provide a solid
foundation for this broader assessment of regional distributed energy benefits.

Theresulting integrated set of tools will form one macrascopic economic model and will be used to
evaluate the effect of distributed energy resources on aregional basis. A detailed recent historical record
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reflecting the actual prices and generating equipment for a sdected region will be used aswell. Two
cases will be examined initially; first, a base case without access to distributed resources; and second, a
case that implements sufficient DER to examine the impact of market structures on the DER’s economics.
Using these base cases, parametric studies will examine the impact of factors that affect the penetration of
distributed resources such as ancillary services markets, need for reiability, or real-time electricity
pricing. An early report will be presented describing the analysis methodology and the proposed
parametric values.
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6. CONCLUSIONS

A brief survey of ~160 existing DER installations and four case studies of specific installations show that
DER is now being used in every U.S. state and is providing increasing numbers of owners with high
quality and reliable e ectric power and, with cogeneration, highly efficient energy utilization. Customers
are reaping cost savings and gaining improved power quality and reliability. They arealsoincreasing
their energy security; a benefit gaining increased attention since the events of September 11.

Interconnected utilities are also benefiting as customer-owned DER helps to mitigate distribution system
capacity constraints, provide voltage support, improve the stability of the system, reduce line losses and
line congestion, and defer expansion of distribution and transmission facilities. Society benefits from a
more secure and stable electric power system and reduced environmental rel eases.

Most DER assessments are limited to two parties—the owner/user and the local utility. Rarely arethe
collective benefits (or impacts) on other stakeholders, including interconnected distribution utilities,
transmission system operators, generating system operators, other local utility customers, local and
regional industry and businesses, various levels of government, and the environment considered, let alone
guantified. The objective of the current study is to develop a methodology capable of systematically
assessing the combined effects of numerous factors associated with increasing penetrations of DER.

An analysis approach has been outlined in this report to achieve these goals. The analysis will begin with
atime-series evaluation of avariety of DER technologies and utility grid situations to provide
prototypical values for regional econometric models. Multiple scenarios will be evaluated to consider the
wide range of possible regulatory and technical environments. Since costs and benefits are not always
evenly distributed, one sector may have relatively higher costs and lower benefits than ancther. This
introduces important issues of cross subsidy, which need to be fully understood when devel oping market
rules. The markets, if properly designed to reflect these externalities, can be powerful tools for prompting
desirable investment and operating responses. However, recent experiencein California shows that an
incomplete understanding of the distributed benefits and costs can lead to an inappropriate market design
and disastrous economic consequences. Ultimatdy, therefore, a more complete picture of the benefits
associated with distributed resources will provide invaluable guidance for future policy decisions that
impact a host of market rules.
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March 27, 2002

To: Distribution
From: Therese K. Stovall
Subject: Additional DER Survey Data Analysis

Per a request from David Bassett, an additional analysis of the survey data reported by
Electrotek as a part of the Phase | DER Benefits Study was completed and is reported
here. If you have any questions, please let me know.

A survey was previously described in which the owners’ reasons for installing
Distributed Energy Resources were reported for 162 installations in the U.S.(see
ORNL/TM-2001/290) However, among these 162 installations, 49 were demonstration
units, usually fuel cells or microturbines. Another 33 installations contained incomplete
information about either the type or size of the DG installation. This update shows the
distribution of the survey results for the data set without these demonstration units, and
the data set with both the demonstration and incomplete cases removed.

Two fuel cell cases remain in this data set. They are both situations with extreme
environmental sensitivities, one in New York’s Central Park and the other on an Indian
Reservation. In both cases, remote (relative to the local grid) power needs with minimal
environmental impact drove the technology selection. The five microturbine cases that
remain in this data set are split almost evenly between utilities burning waste gas, and
customers taking advantage of cogeneration economics and rate structure incentives.
The remaining PV and wind sites represent situations remote from power lines (a cattle
ranch) and utilities generating “green” power to meet market demands.

For the most restrictive data set, that with both the demonstration and incomplete cases
removed, economic reasons were cited by 45%, environmental reasons by 16%, and
meeting peak demands by 39%. Half the installations were owned by ‘power’
companies, either utilities, or third party energy supply companies. These power
company installations represent about 2/3 of the installed capacity reported in this
survey. A total of 32 installations cited reliability concerns as a reason for installation,
and for 11 of these 32 installations, reliability was the only reason given. More than half
of the customers are installing DER to reduce their “uncertainty” factor, defined here by
a combination of reasons including reliability, price protection, and fuel flexibility; these
add up to 43 out of 80 cases. Figures 1-7 summarize the results for this data set.

Cogeneration was the dominant reason given for installing DER in this survey. An
examination of which DER technologies are used with cogeneration is shown in Fig. 7.
It is interesting to note that the gas-fired reciprocating engines are just as likely to



provide cogeneration as the combustion turbines. These gas-fired reciprocating
engines tended to be larger in capacity and to be owned by customers, compared to the
diesel-fired reciprocating engines, which tended to be smaller in capacity and to be
leased by utilities. The diesel-fired reciprocating engines, as well as the PV and wind
installations, were least likely to employ cogeneration.

For the data set without demonstration cases, but which still contains those cases for
which only partial information is available, please see Figures 8-13.

There are also several situations reported in the survey which don’t translate well to
graphs and charts. One utility is using DG to serve a short-term mining load. A
communications company is placing DG at multiple sites to both provide back-up power
and to serve as their main power source until the utility grid reaches their more remote
sites. A chain of car washes and gas stations has installed small DG units and taken
their loads off the grid completely. Another utility is contracting with existing back-up
DER owners for control of their units to meet peak demands. Eleven universities are
included in the data, all but one of which use cogeneration to meet their campus heating
and/or cooling loads.
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Figure 1 Number of cases citing each reason for their DG installation, demonstration and
incompl ete cases deleted.
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Figure 3 Type of ownership by installed capacity, demonstration and incomplete
cases deleted.



Steam
PV and Wind 3%
5%

CCGT
9%

Diesel Recip

32%

Combustion Turbine
17%

Fuel Cell
3%

Microturbine
6%

Multi-fuel Recip
12%

Gas Recip
13%
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Figure 7 Portion of installations employing cogeneration for each technology
type, demonstration and incompl ete cases del eted.
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Figure 12 DER Installation size distribution, demonstration cases deleted.
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