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Summary and Key Findings (witness B. Kirby)

7.A.1 Summary
Before Cadiforniafully opens the door to distributed power resources, some fundamenta

questions regarding technical feasihility of functiond unbundling at the distribution level
need to be carefully evauated. If unbundling at the digtribution leve istechnicadly and
economically feasible, then distributed generation (DG) can be owned and operated
independently of the regulated transmission and distribution (T& D) system. The objective
for the restructured el ectric industry isto provide energy services tha are safe, reiable, of
high qudity, with minimal environmental impact, and at reasonable prices.

Unbundling of digtributed generation from distribution may ultimatdy lead to amuch less
centrdized and sgnificantly different power system. It is not obvious exactly how al policy
objectives for the dectric services industry will be affected. Models for the unbundled
system need to be described and compared to the traditiond verticaly integrated power
system with regard to design and performance in meeting the established policy objectives.

In this report, an assessment is made on how unbundling of distributed generation in
Cdiforniaislikely to affect policy objectives set in Cdiforniafor the restructured eectric
sarvices industry. Starting with fundamenta concepts of the eectric power system and
defining specific functions will help to facilitate a comparison of centraized and
decentralized gpproaches. This chapter identifies the specific functions and the minimum set
of technica attributes for the generation, transmission, ditribution, and end-use load
components of the power system. Also identified are the gppropriate attributes that
effectively classfy T&D into two or more sub-functions, distinguish them from other
functions, and distinguish centrd from ditributed generation. Ancillary energy services a
the digtribution level are described (there may be “ancillary” services within T&D that are
not “energy” activities).

7.A.2 Key Findings
The dectric power system (EPS) is composed of three digtinct parts.

m Load: The beneficid use of dectric energy.
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= Generation: The production of eectric energy to serve loads.

= Transmisson and Didribution: The transport of electric energy between loads and

generdtion.

Thereis no clear bresk separating transmission from distribution. Both systems work
together as part of the same larger system that interconnects |oads and generators. There are
practica characteristics that are useful for distinguishing the two (distribution systems tend

to be a lower voltage levels, be radid rather than networked, and move power in only one
direction), but these characteristics are not absolute.

Similarly, thereis no clear bresk separating distributed generation from central generation.
There are practicd characterigtics that are useful for distinguishing the two (distributed
generators tend to be distributed among the loads, are smadler in Size, and are more

amenable to co-generation), but again, these characteristics are not absolute.

Providing distributed generators (and loads) access to real-time energy and ancillary service
markets helps them by giving them another source of income, helps the overal power
system by increasing the supply of reliability services, and hdpsdl customers by reducing
the cost of rdiability through increased market participation on the supply side.

Congestion can often be rdlieved ether through modifying the existing generation dispatch,
enhancing the transmission or distribution system, or causing indalation and operation of

new locd generation.

Adeguacy of atransmisson and distribution system hastwo criteria 1) The system must
have enough capacity to support the balancing of load and generation, even during known
and expected outages. 2) It must have enough capacity so that competitive generation
markets can function. When there is a desire or need to move more power through a portion
of the transmisson and distribution system than the system can support, congestion results.
Congestion can be addressed through transmission or distribution investment, generation
investment (either market- or regulation-based), market-based modifications to generation
and/or load operations, or, in the absence of a better solution, compelled modifications to
generation and/or |oad operations. The interactions between regulated transmisson and
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digtribution investment, operations and market- based generation investment, and operations
require careful attention.

Fundamentally, congestion is the same on the tranamission system asiit is on the digtribution
system. In both cases, congestion results when there is a desire to move more power through
an eement of the system than that eement can accommodate. To the extent that distribution
systems are often radid while transmission systems are often networked, there can be

differences in how congestion is managed.

Technicdly, there is no reason why decentraized generation cannot be seamlesdy

integrated with the distribution system without affecting religbility. Thereisalimit to the
amount of DG that can be ingtalled and operated on a distribution feeder. The limit depends
on the limits of the existing protection scheme, dlowed power flows, and the capacity of the
basi ¢ distribution equipment. Congestion, which causes denia of access', results when that
limit is reeched.

Based on these key findings, unbundling at the digtribution leve istechnicdly and
economically feasible and can meet the established policy objectives set for the restructured
electric servicesindustry in Cdiforniato provide energy servicesthat are safe, relidble, of
high qudity, with minima environmenta impact, and & reasonable prices. Distributed
generation can be owned and operated independently of the regulated transmission and
digtribution system. T& D facilities can be owned and maintained by parties other than the
system operator. However, the system operator must not have commercia interest in the
energy markets. If the system operator had a commercid interest in energy markets, then the
controlling authority in favor of that interest might be exercised.

Background (witness T. Key)

7.A.3 Brief History of Electric Power System
A century ago, electricity was a competitive industry, Smilar to many other indudtries.

Economies of scale and scope rapidly lead the way for vertical integration and franchised
monopolies to become the successful industry mode, smilar to the evolution of other utility
industries such as telephone communications. After decades of ever-increasing efficiency

! Accessincludes physical connection and unconstrained freedom to operate.
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coming from ever-larger centra generators that were owned and operated by regulated
monopoalies, the industry began to experience change during the later part of the 20th
century. Large central power plants became increasingly difficult to Site and to build. In the
future, power plants are expected to be smaller, more dispersed through the eectric power
system, and may be owned by anyone.

Legidation leading to deregulation has dso changed the Structure of the eectric industry.
Didtributed generation was consdered early in the history of deregulation. The Public
Utilities Regulatory Policy Act (PURPA) of 1978 enabled independent generators to sl
electricity to regulated utilities. The Energy Policy Act of 1992, and Federd Energy
Regulator Commission (FERC) Order 888 issued in 1996, opened the wholesale ectricity
markets to competition. FERC's Order 2000 dedling with Regiona Transmission
Organization (RTO) and issued in December of 1999 reaffirms FERC's commitment to
restructuring the eectric utility industry throughout the U.S. In Cdifornia, the key

legidative action was AB1890, enacted in 1996. The legidation was pursuant to a series of
sudies, reports, investigations, and findings of the Cdifornia PUC, combined with the input

of numerous stakeholders.

Today, with the introduction of commercidly avallable and more cost-compstitive smal
generators, three independent forces are driving increased interest:

1. Thedectric power indugtry is restructuring and will become one in which competitive
generation markets and suppliers compete for customers—not one based on vertically

integrated regulated monopolies with franchise service territories and captive customers.

2. Naurd gasisthe fud of choice when consdering new generation. Twenty years ago, it
wasillegd to burn gasto produce eectricity. Now gasis plentiful and competitively

priced, and it is encumbered with far fewer pollution concerns than most other fuels.

3. New technologies are potentidly going to make smal-scale generation cost-competitive
with large centrd stations. Combustion turbinesin the 10- to 100-megawatt range have
been transformed from expensive peaking units to base-1oad- capable generators with
efficiencies above 55 percent when operated as combined cycle plants. More recently,
microturbinesin the tens- of - kilowatts range are coming to market. Their manufacturers
claim that production costs will soon be very competitive with delivered retail power
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prices. Internal combustion engines are aso benefiting from evolving technology. In the
longer term, fud cdlls, photovoltaics, wind, and Sterling engines are expected to be
commercid viable. Generation co-located with heat-consuming processes also makes
cogeneration—or combined cooling, heat, and power (CCHP)—possible on amuch
wider scae. Higher fud efficiencies in these systlems improve the economics of smaler

generators and may accel erate deployment of distributed generators.

Combined, these three forces accelerate the drive for acceptance of new generation
technologies and a new industry structure. Competitive markets favor technologies that are
low in capital cost, quick to deploy, and modular, so that they can respond rapidly to
changing market conditions. Major new generation projects that take 15 years or more to
plan, site, design, and build (those based on cod or uranium, for example) are essentidly
impossible under today’ s market conditions. Forward-thinking utilitiesin Cdifornia have
recognized these trends and are beginning to look a smaller generators dispersed in their
sub-transmission and didtribution systems. It islikely that from these efforts the new term
“digtributed generation” was coined to describe utility-owned generation at the distribution
level in the power system.

Since the restructuring of the utility industry, the term has come to mean small generators
dispersed in the dectric power system at any level and owned by anyone. This concept is
further promoted by abundant supplies of natura gas, aready fud for smdler and eeser-to-
deploy generation technologies. Development of smdler and more efficient gas-burning
technologies is encouraged by gas suppliers eager to find new markets for their product. End
users are responding to deregulation and want to look at their options to meet their growing
electricity needs, including onsite generation. The outcome of al of thisis expected to be a
more decentralized power system and the growing use of distributed generation (DG).

7.A.4 Distributed Generation in California
Restructuring of the utility industry in California has opened a new energy market, alowing

many end users to choose an energy provider, method of ddlivery, and attendant services.
This market is expected to expand the use of smal, modular power technologies that can be
ingdled quickly and have the potentid for efficient energy conversion and reduced
environmenta concerns. At the same time, many technology advancements favor smdler
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generators. Also, renewable sources of energy and natura gas provide environment
advantages. Given these factors, it is clear that distributed €ectric generation and storage

will be serioudy considered in Cdifornia

Cdiforniais one of 12 states that have enacted restructuring legidation. The state has
undertaken the role of ensuring fair competitive access to the transmission and distribution
grid for independent power producers. At the transmission level, Cdiforniadready has an
independent system operator (1SO). The state regulates loca dectrical distribution systems
and ensures their reliable operation. However, no forma action has been taken to encourage
third-party-owned generation at the distribution leve. Incentives for new distributed
generation at the digtribution leve are not planned, and the Cdlifornia Public Utilities
Commisson (CPUC or Commission) intends to let the free market determine the vaue of

these systems.

At the same time, operators of electric systems have expressed concerns about economic
dispatch, coordination of protection, power system control, and availability of energy. These
operational issues and related dectric system design practices need to be evaduated. Adding
sgnificant amounts of third-party or customer-owned generation &t the distribution level

may not fit traditiona notions of how power systems work. Existing sysem configurations
and operding practices are likely to present penetration limits. Even so, areview of thefirst
principles of power system operation and control functions are not likely to rule out high
penetrations of generation at the distribution level.

At the consumer level, Cdifornia continues to promote new generation from renewable
energy resources. The 1998 Assembly Bill No 1755 updated the State Public Utility Code,
which alowed “net metering” for wind and solar dectric sysemsrated at 10 kW or less.
The Cdifornia Energy Commission (CEC) is currently developing a screening process to
identify didtributed generators that require minima review and studies by utility distribution
companies (UDCs) and minima additiond interconnection requirements.

Smadll increments of generation near load centers provide different challenges and
advantages when compared to large increments of generation at a distance. Practices
edtablished for the traditiona verticaly integrated power system will likely need to be
modified for future unbundled power systems containing distributed generation. For
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example, new digpatch, voltage-control, protection, and relaying practices may be able to
exploit the benefits of DG rather than be abarrier to it. In asmilar way, the establishment of
standard interconnection practices can reduce the cost of bringing smdl generators on line.
Panning methods for new distribution have dready been proposed. These methods give
appropriate consideration to options for distributed generation. The expansion of the
andllary-services market to include distribution and DG will encourage free-market

innovation toward supplying them.

7.A.5 Emerging Interconnection Practices
In the past, energy providers have negotiated interconnections for non-utility generation

(NUG) according to the requirements of the power company and the specific ingtdlation,
including technicdl interface and commercid arrangements. Typicaly, the machines used in
distributed or co-generation have been rdatively large compared to microturbine, diesdl, and
fud-cdll technologies that are currently being consdered. Therefore, the relaive cost of a
negotiated interconnection agreement per kW or KW-H for the large systems was
reasonable. And the cost per kW for avery smdl machine can be cost- prohibitive,

Today, manufacturers and third-party owners of distributed generators and storage devices
are asking for uniform interconnection criteria across technologies (functiona rather than
device-specific requirements) and testing with certification procedures to determine
compliance. Political pressure is building for the principa stakeholders—power companies,
equipment manufacturers, DG owners, and government organizations—to come up with the
needed standards. Nevertheless, reaching consensus through the voluntary standards process
is expected to take time.

Already, sandards devel opment has been going on for more than 15 years. In the mid-
1980s, the Indtitute of Electrical and Electronics Engineers (IEEE) sponsored the first
interconnection standards for dispersed storage and generation, caled DG at that time. The
electric power and renewable energy industries gave significant support to this voluntary-
sandards effort. Fuding the endeavor were the Department of Energy’ s renewable energy
programs. Igniting it was the Public Utilities Regulatory Policy Act of 1978, which made
possible the “independent power producer.” Severa interconnection documents were
created and published during the period.
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The only stlandard currently in effect islimited to photovoltaic power sysems with
requirements specified for systems up to 10 kW: |EEE Standard 929, “Recommended
Practice for Utility Interface of Photovaltaic (PV) Sysems” PV sysems are typicaly small,
high-tech, and suited for abuilt-in, “smart” grid interface. IEEE Standard 929 addresses
only inverter-connected PV systems. The standard has made a good case for avoiding
reldively high-cog, utility-grade relay packagesin smal, dispersed DC generatorsthat use a
smart inverter for connection to the public power supply.

Even so, power producers need an interconnection standard for DG technologies—such as
diesdl- or gas-driven interna combustion engines, wind-driven induction generators, or the
growing family of microturbine power plants. Currently, another universal interconnection
standard is being devel oped, and has been in process since early 1999. Fortunately, records
of the earlier efforts and the people involved are providing the catays for the new standard.
|EEE Project 1547, “ Standard for Distributed Resources Interconnected with the Electric
Power Systemn,” is now in its third draft. The process is expected to result in afind draft
standard by the spring of 2001.

And through these standardization efforts, the terminology continues to evolve. IEEE darted
with “dispersed storage and generation” (DG), published in the standards in the late 1980s.
Then, particularly in Cdifornia, the term “distributed generation” (DG) began to be used.
Today, the evolution of these terms has lead to “digtributed resources’ (DG), whichisin the
title of the current draft of IEEE Standard P-1547. Definitions proposed by various interests
are provided in the latest draft standard as follows:

Distributed Gener ation — the generation of dectricity by facilities sufficiently smadler than
central generating plants as to alow interconnection at nearly any point in an eectric power
system. A subset of distributed resources.

Distributed Resour ces

Definition #1: A generic term for smal sources of eectric power that are not a part of a
large centra power source. Individua sources may be associated with an eectric utility
grid or with an eectric power consumer. These sources may be connected to the system
for rdiability, voltage control, base-1oad operation, peak-load reduction, energy

recovery, disturbance reduction, or stand- by service.
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Potentid types of distributed resources are:

Hydro

Wind
Photovoltaic
Solar thermal
Geo-thermd
Foss| thermd
Fossi| chemica
Stored energy
Stored energy

Stored energy

(water whed, generator)

(wind mill, generator, inverter)

(solar cdls, inverter)

(steam turbine, generator)

(steam turbine, generator)

(gas turbine/reciprocating engine, generator)
(fud cdls inverter)

(flywhed, generator)

(bettery, inverter)

(magnetic, inverter)

Definition #2: Integrated or stand-aone use of dectricity generation, storage,

digtribution, and end-use or demand- sde management (DSM) technologies and/or DSM
methods by utilities, utility customers, and third partiesin locations that benefit the
eectric system, specific customers, or both. As applied specificdly in this report, the

term DG refers only to the generation aspect of this definition and is synonymous with

the term distributed generation.

Definition #3: Sources of eectric power that are connected to the distribution system.
They may be connected to the system for reliability, voltage control, base-load
operation, peak-load reduction, energy recovery, disturbance reduction, or stand-by

savice.

Standards activities concerning the interconnection of distributed generation tend to be dow

because this is a consensus- building activity among parties with very different motivations.
While everyone wants safety and reliability, manufacturers and owners of distributed

generation have a strong economic motivation to keep costs down, to standardize the

process, to reduce uncertainty, and to speed the interconnection process. The utilities tend to

focus more on assuring continuity of service to other customers and reducing the cost of the
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overdl utility system. Utilities tend to favor studying each ingdlation and are less likely to
agree that a generic solution is adequate in al cases. Finding common ground will take more

time

Electrical Power System Fundamentals (witness T. Key)

7.A.6 Electric Power System Overview
The electric power system (EPS) is composed of three distinct parts. From afunctiona

viewpoint these begin with end-use consumption or load, which derive beneficid use from
electric energy. Generation fulfills the critica function of producing dectric energy that can
serve those loads. In this eraof deregulation, an end user might look a generation as an own
or lease decisgon. Thethird part is to transport the eectric energy between generation and
loads, which is the main function of eectrical transmisson and didtribution. Whatever
sructures of operations and ownership evolve for the eectric power system of the future,
these three parts are expected to remain as critica and distinct functions of the EPS.

Looking at the history, dectricity has proven to be a convenient, flexible, safe, reliable,
economic, and useful form of energy. Widespread eectrification in the U.S. was completed
early in the 20th century, bardly 50 years after the first commercia generating Sation was
built in Manhattan in 1882. The firg plants generated direct current (DC) primarily used for
electric-arc lampsin cities. By the turn of the century, most plants were aternating current
(AC) because transformers provided a convenient method to obtain the higher voltages
needed to move electric power greater distances and transformers only work with AC. Also,
the AC induction maotor was beginning to revolutionize American indudtry.

One important characteristic of AC power systemsiis the need for red-time balancing of
generation and consumption of both rea and reactive power. To accomplish this, some
degree of centra control is needed. Another characteridtic is the specid sine wave shape of
voltage and current. Mathematicaly, the sne wave isalinear picture of rotary motion, and
inthe T&D itisin fact the only waveform besides DC that can ddliver energy without
changing shape. A third characteristic of AC power systemsisits ability to operate with all

generators running in synchronism at one chosen frequency. In North America, 60 Hz was
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eventually adopted as the standard frequency based on light flicker considerations for
electric-arc lamps being used at the time.

Asthe demand for dectricity and the size of the typica power plants increased, the plants
moved closer to natural energy resources like cod fields and rivers. Location and economy
of large scale reduced the costs of producing eectricity. This trend continued with
widespread eectrification, including al urban areas, and nearly al rura areas by World War
I1. The main components of the electric power supply evolved to become geographicaly
digtributed centrd power plants interconnected by transmission lines that handle bi-
directiona power flow and accommodated a networking of generation. From the
transmission grid to sub-transmission to digtribution, power primarily flowed in one
direction from centrd plants to load centers.

The primary mission of the traditiond power system isto produce power in centra-
generating stations and ddliver that power to dectrical consumers at their pace of
consumption and in reedy-to-use form. To effectively carry power to end users, plants are
dispersed throughout the utility service territory roughly proportionate to consumption
locations and demand. Thisis the primary requirement of aT&D system: The system must
cover ground, reaching every end user with an eectricd path of sufficient capecity to satisy
that end user’ s requirements. Most power delivery systems can be thought of—very
conveniently—as composed of severd didtinct levels of equipment, asillustrated in Figure
7-1.
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Figure 7-1. Components of traditional vertically-integrated electric power system.

Each level congds of many units of fundamentally smilar equipment, doing roughly the
same job, but located in different parts of the system. For example, dl of the distribution
substations are planned and laid out in gpproximately the same manner, and do roughly the
same job. Likewise, dl feeders are smilar in equipment type, layout, and mission, and all
sarvice transformers have the same basic mission and are designed with Smilar planning
gods and to smilar engineering Sandards.

Many of the same characteristics can be found in other large infrastructure systems, such as
municipa water sysems, natura-gas distribution, and telephone networks. Despite this
commondity of characterigtics, the operation of eectric power sysemsis fundamentaly
different from other utilities. Electric syslems have two unique physica characteritics:
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m Electric energy is not commercialy stored? like natural gas and water. Production and
consumption (generation and load) must be balanced in near red-time. Thisrequires
metering, computing, telecommunications, and control equipment to monitor loads,
generation, and the voltages and flows throughout the power system, and to adjust

generation output to match consumption.

m  Thetransmisson and didribution network is primarily passive, with few “control vaves’
or “boogter pumps’ to regulate dectrica flows on individud lines. How-control actions
are limited primarily to adjusting generation output and to opening and dlosing switchesto

add, remove, or reroute transmission and distribution lines and equipment from service.

These two operating congtraints lead to four reliability consequences with practical
implications that dominate power system design and operations.

m Every action can potentidly affect dl other activities on the power system. Therefore, the
operations of dl bulk-power participants must be coordinated.

m Cascading problemsthat quickly escalate in severity are ared threat. Falure of asingle
element can, if not managed properly, cause the subsequent rapid failure of many
additiona eements, potentidly disrupting the entire power system.

m  Theneed to be ready for the next contingency, more than the current conditions, is
factored into operations, and the likely flow that would occur if another eement fails, not
the present flow through aline or transformer, limits dlowable power transfers.

m Because dectricity flows a nearly the speed of light, maintaining system stability and
reliability often requires that actions be taken ingantaneoudy (within fractions of a

second), which reguires automatic computations, communications, and controls.

When generation congsts of large centra pants power can be thought of as flowing “down”
through these levels, on its way from product manufacturer to consumers. As it moves from
the generation plants (system level) to the customer, the power travels through the

transmission leve, to the sub-transmission levd, to the subgtation leve, through the primary

feeder leve, and onto the secondary service leve, where it findly reaches the customer.

2 Electricity is not "stored" directly. When electricity is"stored" it is converted to another form of energy and re-
converted later. Pumped storage hydro converts el ectricity to mechanical potential energy by lifting water. Batteries
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Each level takes power from the next higher leve in the system and deliversit to the next

lower leve in the system.

a) Transmission Level
The transmission system is a network of three-phase lines operating at voltages

generally between 115 kV and 765 kV. Capacity of each lineis between 50 MVA and
2,000 MVA. Theterm “network” means that there is more than one electrica path
between any two pointsin the system, as shown in Figure 7-2. Networks are laid out
like this for reasons of rdiability -if any one eement of the network fails, thereisan
dternative path, and power is not interrupted. This enables the sharing of generation
contingency reserves, greetly reducing the amount of “spare’ generating capacity that
must be maintained to assure religbility.

In addition to their function in moving power, portions of the transmisson sysem—the
maor power delivery lines—are designed, at least in part, for stability. The
transmission grid provides a strong eectrica tie between generators to assure that they
remain synchronized. This arrangement alows the system to operate smoothly even
with large load fluctuations or generator failures.

Interestingly, DC has returned to the transmission system level. DC transmission lines,
with the conversion equipment at each end that couples them to the AC power system,
provide one of the few controllable links on the transmisson system. Unlike AC
transmission lines where the amount of power flowing through the specific line depends
on the specific pattern generation injections, load withdrawal's, and the configuration of
the rest of the transmission and digtribution system, the flow onaDC lineis
controllable. DC lines are expensive, however, so they are ingtaled infrequently.

b) Bulk-Substation Level
Substations and transformers are required to interface lines or levels that operate at

different voltages. The bulk substation level interfaces the transmission and sub-
tranamission systems. These systems usudly form networks, as discussed above, with

more than one power flow path between any two parts.

convert electric energy to chemical potential energy. The re-conversion to electricity uses conventional generators.
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Typicaly, abulk transmission substation occupies an acre or more of land, on which the
necessary substation equipment is located. Individud substation transformersvary in
capacity, from less than 20 MVA to 1200 MV A or more. They are often equipped with
tap- changing mechanisms and control equipment to vary their windings ratio and move
reactive power between these networks so that they maintain the voltage on the sub-
transmission and transmission networks within an acceptable range (typicaly +5% to -
10%).

Very often, a substation will have more than one transformer (two is a common number,
and four is not uncommon). Additional transformers usualy increase rdiability when a
transformer can handle much more than its rated load for a brief period (for example, up
to 140 percent of rating for up to four hours). Equipped with from oneto six
transformers, subgtations range in capacity from lessthan 20 MVA for asmal, sngle-
transformer substation to more than 2000 MV A for amgor tie point.
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c) Sub-Transmission Level
The sub-transmission lines in a system take power from the transmission switching

gations or generation plants and ddliver it to substations along their routes. A typica
sub-transmission line may feed power to three or more substations. Often, portions of
the trangmisson system, with a primary function of bulk power ddivery and
maintaining stability, will aso feed a subgtation aong its route. Here the distinction

between transmission and sub-transmission lines becomes rather blurred.

Normaly, the capacity of a sub-transmisson lineisin the range of 40 MVA up to
perhaps 250 MV A, operating at voltages from 69 kV to as high as 230 kV. With
occasional exceptions, sub-transmission lines are part of anetwork grid—they belong to
a system in which there is more than one route between any two points. Usudly, at least
two sub-transmission routes reach any one substation, so power is maintained if either

onefals.

d) Distribution-Substation Level
Subgtations, the meeting point between the transmission grid and the distribution feeder

system, are where afundamenta change takes place within most T&D systems. The
transmission and sub-transmisson systems above the substation leve usudly form a
network, as discussed above, with more than one power flow path between any two
parts. But from the substation on to the customer, the network configuration is no longer
maintained due to the high cogt. Thus mogt digtribution systems are radia and only one
path reaches most end users (networked distribution systems are used in urban areas
where load density and rdiability concerns warrant it).

Individua subgtation transformers typicaly vary in capacity, from lessthan 5 MVA to
over 50 MVA though some are as large as 165 MV A. They are often equipped with tap-
changing mechanisms and control equipment to vary their windings ratio so that they
maintain the distribution voltage within a narrow range, regardiess of larger fluctuations

on the sub-transmission sde. The distribution voltage, provided on the low side of the

transformer, needs to stay within anarrow band of perhaps only +5 percent.

Very often, a substation will have more than one transformer (two is a common number,

and four is not uncommon). Additiond transformers usudly increase reliability when a
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transformer can handle much more than its rated load for a brief period (for example, up
to 140 percent of rating for up to four hours). Equipped with from oneto six
transformers, substations range in capacity from aslittle asfive MVA for asmal,
sngle-transformer subgtation, serving a sparsely populated rural area, to 150 MVA or

greater with multiple transformers serving avery dense area within alarge city.

e) Feeder Level
Feeders—whether overhead digtribution lines mounted on poles or underground—route

the power from the substation throughout its service area. Feeders operate at the
primary didtribution voltage. The most common primary distribution voltage in use
throughout North Americaisa15-kV class, dthough voltages anywhere from 4160 V
t0 34.5kV are used. Some digtribution systems use several primary voltages, for
example, 23.9kV, 13.8kV, and 4.16 kV.

A feeder distributes between 2 MV A to more than 30 MV A, depending on the
conductor size and the distribution voltage level. From two to 12 feeders may emanate
from any one substation, with three to four probably the most common. The feeder
configuration is characterized by repeated branches as the feeder moves out from the

subgtation toward the customers, as shown in Figure 7-3.

By definition, the feeder conssts of dl primary voltage level segments between the
substations and an open point (switch). Any part of the digtribution-leve voltage lines—
three-phase, two-phase, or sngle-phase--theat is switch-capable is considered part of the
primary feeder. The primary trunks and switch-cgpable ssgments are usudly built using
three phases. The largest Size of distribution conductor — typicaly about 500-600 MCM
(MCM is cross-section of the conductor in thousand circular mils) but as large as 2,000
MCM —isused for reasons other than just maximum capecity (for example,

contingency switching needs). Often a feeder has excess capacity because it needsto
provide backup for other feeders during emergencies.
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Figure 7-3. Power flow via feeder system from central station to end users.

The vast mgority of distribution feeders are overhead- constructed on wooden poles (or
concrete) with wooden cross-arms or post insulators. Only in dense urban areas, or in
Stuations where esthetics are particularly important, can the higher cost of underground
congtruction be judtified. In this case, the primary feeder is built from insulated cable,
which isdirectly buried or pulled through concrete ducts that are first buried in the
ground. An underground feeder is from three to ten times the cost of an overhead
feeder.

Many times, the first several hundred yards of an overhead primary feeder are built
underground, even if the rest of the system is overhead. This reduces congestion and
Improves aesthetics around the subgtation. The underground feeder getaway usudly
conssts of buried, ducted cable that takes the feeder out to ariser pole, whereit is
routed above ground and connected to overhead wires. Very often, thisinitid
underground link sets the capacity limit for the entire feeder—the underground cable
ampacity isthe limiting factor for the feeder’ s power transmission.
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f) Lateral Feeds
Laterals may be short line segments that branch off the primary feeder to make the find

primary voltage connection from the feeder subgtation to the customer service
transformer. The design of most radid feeder sysemsin North American use Sngle-
and two-phase laterals to ddliver power over short distances. Tapping off only one or
two phases of the primary feeder minimizes the amount of wire that is needed for small

numbers of end users not requiring dl three phases.

Typicdly, laterds ddiver from aslittle as 10-kVA for Sngle-phase resdencesto as
much as 2 MVA. In generd, even the largest laterals use rdatively smdl conductors
(compared to the primary sze). When alateral must ddliver agreat ded of power, the
planner will normaly use dl three phases, with ardatively smal conductor for each,
rather than employ a single phase and use alarge conductor. This gpproach avoids
creating asgnificant imbaance in loading at the point where the laterd tapsinto the
primary feeder. Power flow, loadings, and voltage are maintained in a more balanced
date if the power demands are distributed over al three phases.

7.A.7 Attributes of Traditional Vertically Integrated Utility System
Each leve in an dectric system isfed by the one above it, which assumes that the next

higher levd isdectricdly closer to the generation. Both the nomind voltage level and the
average cagpacity of equipment drops from leve to level moving from generation to
customer. Transmission lines operate at voltages between 115 kV and 765 kV and have
capacities between 50 and 2,000 MW. Sub-transmission lines operate between 69 kV and
230 kV with capacities from 40 MV A to 250 MVA.

By contrast, distribution feeders operate between 5 kV and 35 kV, and have capacities
somewhere between 1 and 40 MW. Of course voltage level and the level of power delivery
aswdl asthe practicd distance are related. The most common digtribution voltage in the US
is12-14 kV. At this voltage level in densely populated areas one substation may cover only
afew square miles. A typica distribution substation in the suburbs might cover 10-50 square
miles, while arura area gation in likely to serve more than 100 square miles.

It isinteresting to note that each level has more pieces of equipment in it than the one above.
A system with 300,000 customers might have 50 transmission lines, 100 substations, 600
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feeders, 40,000 service transformers, and 300,000 metered service entrances. As aresult, the
net cgpacity (number of units times average size) is highest near the customer. A power

system might have 4,500 MV A of substation capacity but 6,200 MV A of feeder capacity

and 9,000 MV A of service transformer capacity ingtalled. With more components and more
exposure rdiability usudly drops as one moves closer to the customer. Typicaly, 60% of

sarvice interruptions are aresult of distribution equipment upset or fallure within %2 mile of

H
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Figure 7-4. Traditional vertically-integrated electric power system.
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7.A.8 Electric Power System Future Structure
Restructuring is changing the eectric power system. The same physica laws ill gpply and

the same functions must be performed to maintain performance and reliability. But changes
are occurring in the commercid activity that the system is being asked to support and in the
commercia nature of the entities that supply, operate and utilize the electric power system.
Thetraditiond view of averticaly integrated EPS needs to be updated to include the
possibility for more distributed generation and more business possibilities at various levels
in the system.

Figure 7-5 shows the expected five-layer sructure of the EPSin Cdifornia. Functions are
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Figure 7-5. Restructured EPS with Distributed Generation in Califor nia.
less verticaly integrated that in the traditiond EPS. Commercid activity between generators

and loads occurs a more levels, and may or may not rely on services from multiple levels.
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With greater diversity in the location of generation, more options exist for supporting
reliability. And the role of the T& D variesin different areas of the syssem depending on the
relative Sze and location of load and generation in that area. A restructured electric power
system supports more diversity in generation and load commercid activity at dl levels.

7.A.9 End-Use Consumption Component
Activities near the point where dectricity is ultimately utilized congtitute the End Use

Consumption component. Higtoricdly, this would include only load, and that load would
have minima interaction with the power system other than to consume needed energy.
Some end users would control loads to limit demand, others would schedule operations
around time-of-use tariffs. In both cases, load control was based upon fixed schedules, not
current eectricity market conditions or transmisson and digtribution system loading
conditions. Restructuring, advances in communications and controls, and the emergence of
competitive distributed- generation technologies now make it possible for the end user to
interact dynamicaly with the power markets and power system.

Didtributed generation can supply part of the local load, reducing the loading on the
transmission and distribution system. This can reduce congestion or diminate the need for
T&D enhancements®. Distributed generation can aso supply energy and/or ancillary

services back to the power system.

a) Key Elements that Compose End-Use Consumption
The key dements that make up end-use consumption are devices that transform

eectricity into other, directly useable products including heet, cooling, mechanica
motion, light, sound, information technologies etc. Based on International Electro-
technica Commission (IEC) Standards these devices may be grouped into nine
categories.

m  household, commercia equipment
= industrid equipment

= information technology equipment
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= telecommunications equipment

= radio, TV and smilar equipment

m traffic and trangportation equipment
»  Uutilities equipment (gas, water, ...)

= medicd equipment

= measurement and test equipment.

b) Functions of End-use Consumption
The basic and critical function of the end-use consumption component in the eectricd

power system isto transform dectric energy into other forms that provide useful work
or services that are consdered by the end user to have a higher vaue than the cost of the
electric energy.

Incorporating both the technical and practicad commercid aspects, this definition is
consgtent with IEEE’s and Webster’ s dictionary. For example the |IEEE defines end-use
load, with respect to eectricd utilization, as the “as eectric power used by devices
connected to an electric generating system,” load is also defined as demand or energy.
Webster’ s dictionary defines consumption as “the utilization of economic goodsin the
satisfaction of wants or in the process of production, and resulting in their destruction,
deterioration, or transformation.”

c) Types of End-use Consumption
The interconnection of end-use load equipment with the eectric power systemiis

important to the reliability and quality of the power. Wherever end use equipment is
operating it becomes part of the electric power system. Its steady- state performance and
trangent behavior affect the supply and other nearby equipment. Specific end-use load
characterigtics such as harmonic current distortion, inrush current, high-frequency
emissons, and immunity define the competibility between the power supply and end-

use consumption.

3 Transmission and distribution enhancements include any modification to the transmission and distribution system
that increases its capacity. Examplesinclude adding new lines, upgrading existing lines, replacing transformers,
installing flexible AC transmission (FACTS) devices, etc.
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The main generic load types based on technology are eectromechanica (induction and
synchronous motors), eectromagnetic (induction coils and balasts), resstive (hesting
eements and lights), and non-linear (micro and power eectronics). Of these, motors are
the largest Sngle user of dectricity. The fastest growing load typein al sectors,
residentia, commercid and indudtrid, is non-linear. These loads encompass the
proliferation of eectronic gppliances, and they include PCs, dectronic lighting,
adjustable-speed drives, entertainment equipment, and inverters as may be used in some
digtributed generation systems. Figure 7-6 show how energy useis divided among the

main end-use sectors.

Industrial
34%

Residential
35%

Commercial
31%

Figure 7-6. U.S. Electrical consumption by end-use sector (1997 DOE).

7.A.10The Generation Component
Electricity does not occur naturaly in aform that can be readily collected for commercid

use. Instead, dectric energy is obtained from some other available primary energy. Thisis
accomplished in power plants using energy-conversion apparatus. The most common form
of primary energy used in eectric power plantsisfossl fud, such asoil and cod. Energy
from nudear fisson and from moving water is aso frequently harnessed. L ess common, but

environmentally popular resources are wind, solar, geothermal, and waste- hegt energy.

“Power generetion, in the dectric utility industry, means the conversion of energy from a
primary form to the eectric form. Nearly dl the eectric energy distributed by utilities comes
from: the converson of chemicd energy from fossl fuels, nudear fisson energy, and

kinetic energy of moving water asit fals through a difference of devation.
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Heat energy, obtained from the combustion of fossil fuds or the fisson of nudear fuesis
converted to mechanica energy through the rotating shafts of steam turbines, combustion

turbines, or internal combustion engines. These shafts in turn drive electric generators.”*

a) Key Elements that Compose Generation
The three key eements that make up an dectric generating plant are:

1. Energy resources or fuels such as ail, naturd gas, wind, and sunlight.

2. Generating plant gpparatus to convert the primary energy into a more useful form.
Boilers, cooling towers, and turbines convert heat to mechanica energy. Dams,
turbines, and water wheels convert the potentia energy of water into the mechanica
movement of the hydro-dectric generator. On asmadler scae, the slicon junction of
aphotovaltaic cdl and its related structure and cooling systems are the plant
equipment needed to convert solar energy into DC dectricity.

3. The dectromechanical machine (or generator) that converts mechanica energy, and
the dectronic converter (or inverter) that converts DC dectric energy to a
continuous AC power output.

Because dl the different forms of primary energy are ultimately converted to 60-Hz
electric power, the conversion steps have important consequences for the electric power
system. For most generating plants, the first step is conversion to mechanica energy. In
the U.S,, about 80 percent of the primary energy is converted to mechanicd energy via
the steam cycle, where fossil and nuclear fuels are expended to boil water and drive a
turbine. Mogt of the remaining 20 percent of energy resources are converted to
mechanical energy from moving water over awater whedl, and combustion of fudsin
the internal combustion engine or in combustion turbines. Electrica generation is then
achieved by converting the mechanica energy into dternaing-current electric power

via a synchronous generator.

The mix of fud use and of utility and non-utility ownership of generation provide an
interesting contrast with the rest of the country. Table 7- 1 shows the nameplate capacity
of mgor generdion by primary fuel type in the United States and in Cdifornia as of

* From: Homer M. Rustebakke et.al. 1983, Electric Utility Systems and Practices, Fourth Edition, Chapter 3, pg 27,
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January 1, 1999. Overdl in the US 88 percent of the nameplate generation is owned by

utilities. In Cdifornia, approximately 57 percent is utility owned (31,000 MW) and 43
percent (23,000 MW) is non-utility owned.

Table 7-1. Utility-owned nameplate gener ation by fuel type (January 1, 1999).

Fuel/Plant Type Capacity % Capacity % % CA
us (MW) CA (MW) to US
Coal 320593 44.0% 0 0.0% 0.0%
Petroleum 69812 9.6% 891 2.9% 1.3%
Natural Gas 135426 18.6% 10729 34.6% 7.9%
Hydroelectric Pumped Stg | 18071 2.5% 3352 10.8% 18.5%
Hydroelectric 73085 10.0% 9530 30.8% 13.0%
Nuclear 104757 14.4% 4555 14.7% 4.3%
Waste Heat 4035 0.6% 287 0.9% 7.1%
Multi-Fuel 221 0.0% 0 0.0% 0.0%
Other Renewable 2246 0.3% 1639 5.3% 73.0%
Total industry 728246 100.0% 30983 100.0% | 4.3%

In Table 7-2 the nameplate capacity of maor generation by primary fud typein the

United States and in Cdiforniais shown as of December 31, 1998. From the two tables
combined it can be seen that Cdlifornia has 6.6 percent of the generation resourcesin
the country. The stateis very high in generator cagpacity from renewable sources and

very low in generation from cod. Cdiforniais a the nationa averagein its nuclear

plant capacity.

John Wiley & Sons
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Table 7-2. Non-utility owned nameplate generation by fuel type (December 31,1998).

Fuel/Plant Type Capacity % Capacity % % CA
us (MW) CA (MW) to US
Coal 13712 1.9% 206 0.7% 1.5%
Natural Gas 37325 5.1% 13254 42.8% 35.5%
Petroleum 2629 0.4% 296 1.0% 11.3%
Petroleum/Gas (combined) | 23310 3.2% 4959 16.0% 21.3%
Hydroelectric 4136 0.6% 501 1.6% 12.1%
Geothermal 1449 0.2% 1188 3.8% 82.0%
Nuclear 0 0.0% 0 0.0% 0.0%
Solar 385 0.1% 354 1.1% 91.9%
Wind 1689 0.2% 1480 4.8% 87.6%
Wood 6887 0.9% 616 2.0% 8.9%
Waste 3488 0.5% 351 1.1% 10.1%
Other Renewable 3075 0.4% 308 1.0% 10.0%
Total industry 98085 13.5% 23513 75.9% 24.0%

Source, Inventory of Electric Utility Power Plantsin the United States 1999, DOE/EIA-0095(99), November 1999.

b) Functions of Generation
The main function of generation is to produce eectric energy to serve those loads. This

function includes regeneration from stored energy. Severd other critica sub-functions
of the generation component in an eectric power system are;

B To produce dectric energy from other forms of energy.

B To provide controllable power injections that the system operator can use to balance
generaion and load in red-time.

B To provide controllable reactive power injections and withdrawals that the system
operator can use to control voltages within the power system and meet the red-time

reactive power demands of |oads and the power system itsdlf.

These functions and sub functions are consstent with the |EEE dictionary, which
defines generation as the production or storage of dectric energy with the intent of
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enabling practical use or commercid sae of the available energy. The |EEE dictionary
a0 defines a generating station as “aplant wherein eectric energy is produced from
some other form of energy (for example, chemica, mechanica or hydraulic) by means

of suitable gpparatus.”

c) Types of Electric Generators
The reason to ook a bit closer at the ectric generator technology is that the generator

makes the connection with the public power supply. The operating and performance
characterigtics of the generator will determine many of the capabilities and limitations
for the eectric power system. New energy sources and applications are requiring many
different power plant technologies. Still we can classfy nearly dl AC dectric power
generatorsinto four main technologies. synchronous generators, induction generators,

HAf-commutated inverters, and line-commutated inverters.

Far and away, the synchronous generator is the primary power producer in éectric
power systems. Only areatively smal quantity of dectric energy is currently converted
through other types of generators. All large plants utilize synchronous machines. Fues
include cod, ail, naturd gas, biomass, and nuclear. Also, direct sources of heat such as
geothermal, solar, or waste heat from another process typicaly produce steam. The
steam is used to turn aturbine that drives a synchronous generator. Alternatively,

natural gas or oil can fue a combustion turbine where hot gas turns the turbine that
drives the synchronous generator. Large hydro generators use flowing water to rotate a
synchronous generator. Generators driven by interna combustion engines (large or

amadl) aretypicaly synchronous machines.

Despite the dominance of the synchronous generator in production of eectric power,
new energy resources demand additiona conversion methods. For example, fud cells
and photovaltaic energy sources are fundamentdly different in that they do not require
amechanica energy step. Electricity is generated directly in the form of direct current
(DC), and there is no need for electromechanical converson. An eectronic inverter is

required to convert the DC to AC power and feed the energy into the grid.

Smadl combustion turbines provide a variable-gpeed mechanica output. The most

common converter to eectricity is a permanent-magnet verdon of the synchronous
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generator. However, the eectric output is variable frequency and typically at amuch
higher frequency than the 60-Hz used for commercid power inthe U.S. Thisvariable-
frequency AC isthen rectified to DC. Electronic inverters are needed to convert the DC
eectricity into AC power of the desired frequency and voltage.

Another way to convert variable-speed mechanica energy that comes from awind
turbine or asmdl water turbineisthe induction generator. This machine will generate
AC current into the eectric system as long as the mechanica speed of the turbine
exceeds the synchronous frequency of the induction machine and dectric system. Thus

the synchronous generator, rectifier, and inverter are not needed.

Synchronous Generators. An eectromagnet or a permanent magnet on the rotor
produces the magnetic field in a synchronous generator (see Figure 7-7). Asa
consequence, the frequency of the AC eectric power produced (60-Hz, for example) is
exactly related to the rotationa speed and number of poles of the generator rotor (1800
RPM and 4 poles, for example). Smilarly, the magnitude of the voltage produced (and
the reactive power ddivered to the power system or consumed by the generator) is
directly related to the strength of the magnetic field in the rotor. A wound-rotor
synchronous generator with rotor field current control can regulate its own output
voltage aswell astheratio of real to reactive power.

& of

Stator

Roalor
Winding

Figure 7-7. The conventional synchronous AC generator produces more than 99% of all
electricity generated in the United States.
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Induction Generators. An induction generator differs from a synchronous generator in
thet it relies on the power system to induce the required magnetic field in therotor. This
fied isinduced based on the rlative difference in speed between the machine rotor and
the power system frequency. This differenceisdso cdled dip. The dip increases with
machine loading. As a generator, the induction machine rotor is driven fagter, and asa
motor, the rotor is dower than the synchronous speed for the machine and power
system (900 if 6-pole, 1800 if 4-pole, and 3600 if 2-pole at 60 Hz).

As a consequence, the generator mechanica speed cannot operate in synchronism with
the power system frequency because there is no field induced when the rotor speed is
the same as the synchronous speed. In order to generate e ectricity, the machine must
run fagter than synchronous speed. For example, a 4-pole machinein a60-Hz power
system generates at speeds between 1820 and 1860 RPM, where 1800 RPM is
synchronous speed. Wind and micro-hydro facilities typicaly use induction generators
because the uncoupling of the dectrica and mechanica speeds enhances power
trandfer.

An induction generator consumes rather than generates reactive power and cannot
control its output voltage. Consequently, induction generators are not good at supplying
isolated loads. Even so, there is no guarantee that an induction generator will not
support an isolated or “idanded” system. If thereisjust the right amount of capacitance
and red load in theidand, the induction machine can generate dectricity. Induction
generators have lower surge-current cgpacity than synchronous generators, so their
ability to support amomentary overload is reduced. The output drops rapidly as voltage
collapses, 0 they have relatively low fault contribution.

Self-Commutating Inverters. Inverters convert DC dectricity to AC power by
switching DC power through a bridge circuit arrangement at the desired frequency and
with dternating polarity. Fundamentdly, dl inverters must do three things: invert,
regulate, and shape the output. A self-commutated inverter is able to invert by
commutating switches on and off in order to reverse current in both directions. With
on/off switching control, a salf-commutating inverter can control frequency. Many -
commutated designs are also able to regulate and shape the output current using
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switching techniques such as pulse-width-modulation. In this regard, the sdif-
commutated inverters act like a synchronous generator and are able to supply rea and
reactive power, suitable for powering isolated or interconnected loads.

Most inverters have ardatively low overload cgpability, typicdly limited to 2 to 3
times normd rated output. Switching to produce AC from DC will cregte digtortionsin
the output voltage and current waveforms. The waveforms and the frequency of the
harmonics that comprise the distortions depend on the switching frequency, output
filtering, and inverter technology. Typicaly these inverters are designed to maintain
unity power factor and harmonic distortions of 5 to 10 percent.

Line-Commutated Inverters. A line-commutated inverter also uses abridge
configuration to invert DC power. Devices are typicaly turned on by asignd from the
inverter control. However, these devices rely on the power system voltage to force the
output current through zero and to turn off the switch, hence the term “line-
commutated.” As a consequence, the inverter frequency follows the line frequency, and
itisusudly not practicd to provide voltage regulation. The inverter consumes resctive
power, and is not suitable to power isolated loads. Even so, like the induction generator,
the line-commutated characteristics cannot be relied upon to guarantee a shutdown
when in an idanded load Stuation. Tests have shown that with the right amount of
capacitance and real load, the line-commutated inverter can continue to energize an
idanded system.

Like other inverters, overload capability islimited. Line commutation does not alow
for direct wave-shgping by modulating switching frequency. Therefore, harmonic
digtortions will be higher than in the sdf-commutated inverter, in the range of 10 to 50
percent unlessfilters or transformers are added to trap and cancel harmonics. Also, the
line-commutated inverter may operate in amode where current is discontinuous,

creating both high- and low-frequency harmonics.

d) Auxiliary Losses within the Generation
The portion of the generated energy that is used in the generation processis caled

auxiliary energy losses or plant losses. These losses can be calculated by subtracting the

net plant output from the gross energy generaion. Thisincludes energy used to run
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motors driving various pieces of equipment such as pumps and fans, lighting, controls,
gpace conditioning, and any other functions required to keep the plant running.

7.A.11Transmission and Distribution Component
The function of transmission and didtribution is very smple: to transport eectric energy

from the generaor to the load. A system with asingle generator and a single load would
have avery smple transmisson and distribution system, possibly congdting of little more
than a single cable with some sort of fault protection. At aminimum, transmisson and
digtribution alow generation to be physicaly remote from the load. Through the
interconnection of load and generators, T& D provides many religbility and economic
benefits. The working definitions of transmission and distribution vary greetly among

different areas and companies. Usudly three main diginctions are made:

1. By voltage class: Transmission operates a higher voltages while digtribution

operates at lower voltages.

2. By function: Tranamission facilitates bulk power movement from the place of
generation to wide areas of end-use consumption, while distribution ddlivers power

to usars within that area.

3. By configuration: Trangmission is generdly networked while disribution is
primarily radid.

a) T&D Reliability Benefit
Because dectricity cannot be stored and because generators are not perfectly reliable, it

is beneficia to have additiond generating capacity available, ready to respond
immediately if a generator fails unexpectedly. Smultaneous failure of multiple
generatorsis unlikely, so asingle extragenerator can provide reliability reserves for
multiple generators if atranamisson and digtribution system is available to move power
from the reserve generator to the placeit is needed.” In practice, “extra’ generators are
not typicaly used to provide the primary reliability reserve. Instead, reserve capacity is
meade available on many generators. Still, the role of transmission and digtribution in
fadlitating religbility isthe same.

® Different types of reliability reserves are discussed more fully as Ancillary Services later.
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Higtoricdly, utilities interconnected multiple generators with load centers through
transmission and digtribution networks to increase reliability. Later, they interconnected
multiple utility sysemsto share rdliability support over larger geographic areas. Today,
there are three mgjor interconnections that cover the entire Continental United States,
most of Canada, and parts of Mexico. Cdiforniais part of the Western Systems
Coordinating Council (WSCC), one of ten North American Electric Rdiability Council

(NERC) councils, and one of the three interconnections.

“WSCC isthe largest geographicdly of the ten Regiona Councils. The Council’s 1.8
million square mile service territory is equivalent to more than haf the contiguous area
of the United States. WSCC was formed in 1967 and at the close of 1998 had a
membership of 108 organizations that includes transmisson dependent utilities, mgor
transmission utilities, independent power producers, marketers, and a regulatory
agency. Members provide reliable service to over 65 million peoplein dl or part of
Arizona, Cdifornia, Colorado, Idaho, Montana, Nebraska, Nevada, New Mexico,
Oregon, South Dakota, Texas, Utah, Washington, and Wyoming, aswell asthe
Canadian provinces of Alberta and British Columbia, and the northern portion of Bgja

Cdlifornia, Norte, Mexico.”®

b) T&D Load Diversity Benefit
Aggregating loads through the transmission and distribution system aso has bendfits.

Individualy, loads tend to fluctuate dramaticaly. Short-term fluctuations (faster than 10
minutes), for example, tend to be random among loads. By interconnecting many loads
together, the transmission and distribution system presents a net load to the generators
that is much less erratic and therefore easier (and cheaper) to follow. For example, 100
homes aggregated together present only 10 times the regulation burden that one home

presents.

c) T&D Economic Benefit
Transmission and digtribution systems contribute to reducing operating costs aswell as

increasing reliability. With large numbers of generators and loads connected together, it

is possible to operate the most economic mix of generation needed to serve the

8 From the NERC web site, http://www.nerc.com/regional/wscc.html, accessed on 3/21/2000.
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changing load a any given time. Thisis made possible by networking and providing for
dynamic power transfer from generation sources to end- use consumption points as

required to maintain system energy baance.

The most economic mix of generation can be selected through traditional centralized
least-cost economic dispatch (as was done higtoricaly) or through market- based
competition (asis donein Cdiforniatoday). In either case, the ahility to adjust the mix
of generation to economically accommodate different load patternsis facilitated by the

transmisson network.

d) Key Elements that Comprise T&D
The key elements that comprise atranamission and digtribution system ares

m  Transmisson and distribution lines are used to eectrically connect separated
generators, transforming stations, and load centers.

Substations (where transformations occur) link transmission lines with sub-

transmission lines and sub-transmission lines with digtribution lines.

m  Trandformers are used to change system voltages. They step up the central-tation
generaor voltage for transmission and they step down the voltage for distribution

lines and end- use consumption.

m  Cgpacitors are used at strategic locations throughout the transmission and
distribution system to raise unacceptably low voltages in discrete steps.

= Inductorsare used in asmilar fashion to hold excessive voltages down.

m  Switches are used to put pieces of equipment (lines, transformers, generators,

capacitors, and so on) in and out of service.

= Circuit breakers are switches that can perform switching functions in the presence of
very high currents resulting from short circuits and are therefore used for fault

clearing.

m  Fuses are designed to interrupt an overload or fault current. Like circuit breakers,
fuses are used for dearing faults by isolaing the faulted portion of the system from
the unfaulted portions.
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m Reaysare the devices that sense short circuits or other abnorma conditions defined
in the system protection scheme. They direct circuit breskers or circuit reclosersto
open and diminate the short circuit. Relays may aso dlow reclosing or transfer to

restore power.

In the restructured dectric service industry, transmission and didtribution facilitate
commerce between generators and end-use consumption. To facilitate this commerce
reliably, the power system operators must have sufficient transmisson and distribution
resources available to transport generated energy to meet end-use consumption
requirements The power system operator must o have the ability to exercise control
over generation (and load) when commercid activity threatens power system reliability.

e) T&D Jurisdiction
The U.S. Federd Energy Regulatory Commisson (FERC) hasidentified seven

digtinctions that test whether a part of the power system is under itsjurisdiction, and
thus available to open access and wholesale markets under FERC rules, or whether it is
“local digtribution,” and thus under the jurisdiction of states (Order 888). These seven
characterigtics of locd digtribution as shown below are afairly good test of whether
equipment and facilities are transmission or digtribution in any power system.

m Locd digribution sysem is normdly in close proximity to retall customers.

Locd digribution sysem is primarily radid in character.

m  Power flowsinto loca digribution; it rardly, if ever, flows out.

Power on the locd distribution system is not trangported to another market.

Power on the locd digtribution system is consumed in a comparatively redtricted

geographica area.

Meters at the interface from transmission to distribution measure the flow into the

digtribution system.

= Locd digribution is of reduced voltage compared to the transmission grids.

f) Functions of Transmission and Distribution
The criticad function of T&D in the dectric power sysemiis
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B Thetrangport of eectric energy between loads and generation. Through the T&D
facilities that interconnects the generators and consumers in the EPS significant
additional benefits are derived from T&D. These may be considered as criticd sub-
functions of T&D:

B Enabling the most economic mix of generation at different locations in the system to
meet the ingtantaneous system load requirements.

B Providing for the aggregation alarge number of independent end-use loads leading
to alessfluctuating net load that is eeser and more economic to serve.

B Providing for the aggregation of alarge number of independent generators leading
to increased EPS reiability and reduced operating cost.

Again these this functiona designation is congstent with the |EEE, which defines
transmission system as “an interconnected group of eectric transmission lines and
associated equipment for the movement or transfer of dectric energy in bulk between
points of supply and pointsfor deivery.” Digtribution system is defined as “that portion
of the eectric sysem which ddivers dectric energy from transformation points on the
transmission or bulk power system to the consumers.” The distribution subgtation in
power operationsisidentified as a“transforming station where the tranamission is
linked to the digtribution system.”

Also provided within the T& D component is the system operation and control activity.
This activity involves planning and control of the minute-by-minute balance of systlem
generation to meet end- use consumption requirements, which aso includes the control
of severd “ancillary services’ that facilitate the red-time baancing of generation and
load.

g) Types of Transmission and Distribution
There are three fundamentdly different waysto layout T& D to provide the required

functions. These are radia, loop, and network design configurations. In this discussion a
closed loop system is considered to be a smple network. The transmission is networked
for reasons described above. Didtribution is normaly operated in aradia configuration.
However, ditribution has some interesting variations, including loop and network, that
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may impact the deployment of digtributed generation. The variations are primarily
related to protection, options for contingency reconfiguration, and interconnection with
the rest of the power system. Figure 7-8 shows the basic layouts of ditribution radid,
loop, and network systems.

il
.

Metwork Loop Radial
Figure 7-8. Network, loop, and radial layoutsfor T&D.

Radial Digribution. Most power distribution systems are designed as radia
digtribution systems. This layout has only one path between each customer and a
subgtation. The electrical power flows from the substation to the customer along a
sngle path, which, if interrupted, resultsin complete loss of power to the customer.
Radid design isby far the most widdy used form of distribution design, accounting for
over ningty-nine percent of dl digtribution congtruction in North America. Its
predominance is due to lower cost than the other two dternatives and smpler planning,
design, and operation.

The radid system configuration provides smplicity in trouble shooting and design
andyss, and predictability of performance. Because thereis only one path between
each customer and the substation, the direction of power flow is absolutely certain.
Equaly important, the load on any eement of the system can be determined in the most
graightforward manner — by smply adding up al customer loads “downstream” from
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that e ement. Regulators and capacitors can be sized, located, and set using relaively
smple procedures because the direction of power flow is known.

Radia feeder systems are less rdliable than loop or network systems because there is
only one path between the subgtation and the customer. Thus, if any eement along this
path fails, aloss of power delivery results. When afailure occurs, arepair crew may be
dispatched to temporarily re-switch the radid pattern network, transferring the
interrupted customers onto another feeder, if this option is available, until the damaged
element can be repaired. Thisis possible because many radid feeder systems are built
as networks, but operated as aradia by opening switches at certain points throughout
the physica network. The planner determines the layout of the network and the size of
each feeder segment in that network and decides where the open points should be for
best operation as a et of radid feeders. This practice minimizes the period of outage.

Figure 7-9 illugtrates two different ways to gpproach the layout of aradid digtribution
system. One uses multiple parald branches and the other alarge main trunk. Each has
advantages and disadvantages with respect to the other in certain Stuations, but neither
is superior in terms of reliability, cogt, protection, and service quality. Most planning
engineers have a preference for one or the other, and thereisalot of variety and
ggnificantly different ways to layout a digtribution system. It should be noted that mgor
differences in desgn standards exist among dectric utilities. Therefore, comparison of
datistics or practice from one to the other may not be valid.
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Figure 7-9. Paralld branchesand main trunk layouts of distribution.

L oop Distribution. A distribution loop system provides two paths between the power
sources (substation and service transformers) and every customer. Equipment is sized
and each loop is designed so that service can be maintained regardless of where an open
point might be on the loop. Because of this requirement, whether operated radidly (with
one open point in each loop) or with closed loops, the basic requirements for equipment
capacity of the loop feeder design do not change.

In terms of complexity, aloop feeder system is only dightly more complicated than a
radid sysem—power usudly flows out from both sdes toward the middle, and in dl
cases can take only one of two routes. Voltage drop, Sizing, and protection engineering
are only dightly more complicated than for radid systems. The loop system with relay-
operated breskers and sectionalizersis more reliable than radia systems. When part of
the line is down, service will not be interrupted to the mgority of customers because

thereis no “downsiream” portion.

In this example, distribution feeders carry power away from the urban substation to
customersin the vicinity, 2 to 4 miles. In adensdy populated area, the sysem may
physicdly be built like an overhead network. However, open switches make the system
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operate dectricaly radialy. Loops are generdly not closed unless there is an overload

or voltage regulation problem. The distribution is designed to operate radia and loop
operation is normally monitored.

[ distribution substation
= primary trunk

— |ateral, branches

m closed switch

O open switch

Figure 7-10. Radial-oper ated distribution feeders often look like a network.

The mgjor disadvantage of loop systemsiis capacity and cost. A loop must be able to
meet al power and voltage drop requirements when fed from ether end, not both. It
needs extra cgpacity on each end, and the conductor must be large enough to handle the
power and voltage drop needs of the entire feeder if fed from either end. So the loop
system isinherently more religble but more costly than aradid system.



Networked Distribution. Didtribution networks are the most complicated but most
reliable of the distribution options. A network involves multiple paths between dl

points in the network. Power flow between any two pointsis usualy split anong
severd paths, and if afalure occurs, the network instantly and automaticaly finds
another path. So a ditribution network dmost always involves interlaced radia feeders
and anetwork secondary system—a grid of eectricaly strong connectors (thet is,
connectors larger than needed to feed customersin the immediate area) that connect all
the customers together at utilization voltage. The interlaced configuration means that
dternate service transformers dong any street or circuit path are fed from dternate
feeders, as shown in Figure 7-11.
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Figure 7-11. Interlaced configuration of typical networked distribution.
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Most digtribution networks are underground because they are employed only in high-
density areas, where overhead space is not available. In the densely populated regions,
such asthe center of alarge metropolitan area, networks are not inherently more
expendve than radia systems designed to serve the same loads. Such concentrated load

denstiesrequire avery large number of circuits and underground congtruction anyway.

Networks do have one mgor disadvantage: They are much more complicated than other
forms of digtribution, and thus much more difficult to andyze. Thereisno smple
“downstream” side, S0 the load seen by any unit of equipment cannot be obtained by
merdly adding up customers on one sde of it. Also, the direction of power flow through
the network cannot be assumed. Load and power flow, fault caculations, and protection
must be determined by network techniques such as those used by transmisson planners.

7.A.12Established Policy Objectives and DG
The Cdifornia Legidature set policy objectives to help guide deregulation decisions. These

established policy objectives set for the restructured eectric services industry in Cdifornia
am to provide eectric sarvices that are safe, religble, high qudity, with minimal
environmenta impact, and a reasonable prices. This section addresses each one of these
objectives with and without DG and intends to describe how objective may be met in the

future. Table 7-3 provides a summary of other support documents.
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Table 7-3. Codes, standards, and other agencies supporting policy objectives.

Objectives — | Safety Reliability | High Environment| Reasonable
How to Assess Quality Impact Cost
T&D NESC NERC ANSI EPA ORA, FERC
T&D interface | NESC, NERC, ANSI, IEC, | EPA ORA, FERC
with IEEE Stds | IEEE 1366, | IEEE PES
Generation Interface
T&D interface | NESC, NERC, IEC, IEEE EPA ORA, FERC
with End-use | IEEE IEEE 1366, | IAS
Consumption | Stds,

NEC

Key

NESC — National Electric Safety Code

NEC — National Electric Code

NERC — North American Electric Reliability Council

ORA - Office of Rate Payer Advocates of California Public Utility’'s Commission

FERC - Federal Energy Regulatory Commission
IEEE IAS — IEEE Industrial Applications Society

IEEE PES — IEEE Power Engineering Society

EPA - Environmental Protection Agency

a) Adequate Safety with Deregulation
In the trangtion from the traditiond verticaly integrated utility industry to a

deregulated T& D, no changes have occurred in safety expectation or requirements.
These requirements are detailed in the Nationa Electric Safety Code (NESC), whichiis
an gpproved ANSI/IEEE standard. The most recent edition is dated 1997. This standard

covers basic provisons for safeguarding of persons from hazards arisng from the

ingalation, operation, or maintenance of:

B conductors and equipment in eectric supply stations, and

B overhead and underground dectric supply and communicetion lines.

It dso includes work rules for the construction, maintenance, and operation of electric

supply and communication lines and equipment. The standard is applicable to the

systems and equipment operated by utilities, or smilar systlems and equipment, of an

indudtria establishment or complex under the control of quaified persons.

Most utilities have their own established safety procedures for de-energized eectric
transmission and distribution work. While the specific rules used by other utilities may
differ, each set of rules contain eight basic steps: (1) request for work, (2) identification
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of work area and development of switching sequence, (3) de-energize work area -
opening of switches, tagging, and testing for potentid in work area, (5) grounding and
ingdlation of protective barriers, (6) performance of maintenance or repair work, (7)
removal of grounds and barriers, and (8) restoration of service. Individua wires
companies working with the IEEE NESC? will evaluate and define safety requirements
in aderegulated dectric indudiry.

Background on NESC. Work on the NESC? started in 1913 at the National Bureau of
Standards (NBS). The Ingtitute of Electrica and Electronics Engineers, Inc., was
designated as the adminigrative secretariat for ANSI C2 in January 1973, assuming the
functions formerly performed by the National Bureau of Standards. These rules contain
the basic provisons that are considered necessary for the safety of employees and the
public under the specified conditions. They are updated as required to address safety
concern or evolving industry practices. For example, in the current edition the definition
of generating station was updated, work rules were amended for tagging equipment
when SCADA is used, and a requirement for overcurrent protection of power
transformers was added. Even <0, this code is not intended as a design specification or
as an indruction manud.

Currently these rules cover supply and communication lines, equipment, and associated
work practices employed by apublic or private eectric supply, communications,
raillway, or smilar utility in the exercise of its function as a utility. They cover amilar
systems under the control of qualified persons, such as those associated with an
industrial complex or utility interactive system. NESC? rules do not cover ingtallations
in mines, ships, railway rolling equipment, aircraft, or automotive equipment, or
utilization wiring except as covered in Parts 1 and 3. For building utilization wiring
requirements, see the Nationa Electrical Code (NEC?), NFPA 70-1999. When DG
beginsto play alarger rolein the operation of the power system, no doubt that the
NESC? will respond as necessary to maintain safety.

Safety and T& D with DG. The interconnection of DG facilities on distribution feeders
introduces additiona safety concerns for utility personnd responsible for the
maintenance of these feeders. These concerns are likely to dictate that additional steps
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be added to the work procedures for feeders known to or suspected of supplying DG

fecilities Table 7-4 shows atypical set of work procedures for de-energizing and re-

energizing.

Table 7-4. Typical work proceduresfor de-energizing and reenergizing transmission,
distribution, and DG systems (from |EEE Std 1001-1989).

Steps

Description

1. Prepare work request

2. |dentify work areaand
write switching
instructions

3. Notify DG owners

4, Deenergize work area

5. Confirm
deenergization

6. Notify line crew of
work clearance

7. Install protective
grounds

8. Erect protective
barriers

9. Perform maintenance
work

10. Remove barriers and
grounds

11. Notify operator of

clearance to energize

12. Removetagsand

restore utility service

13. Restore DG service

14. Written record by
system operator

A work request is submitted by utility's line crew to the system operator in charge

of the part of the system in which work isto be performed.

The line crew identifies the electric lines and/or equipment that needsto be

deenergized. The system operator prepares awritten description of the required

switching and tagging operations that will be used to direct the line crews.

The system operator or a service representative will inform the owner/operator of

any DG connected in the work area, of date and time work is to be performed, and

the approximate duration of the outage.

Theline crew(s), under the direction of the system operator:

(@) opens, locks, and tags all disconnect switches associated with DG installations
to prevent inadvertent energization of the work area.

(b) Performsthe required switching and tagging identified in step 2, which will
deenergize the electric lines and/or equipment in the work area.

No switch, jumper or fused cutout can be closed unless authorized by the permit

holder.

Theline crew checksall electrical conductors and equipment in the work areafor

potential. If the checksindicate the circuit is still energized, then the system

operator and the line crew must determine the source and disconnect it before

proceeding.

After confirming deenergization, the line crew permit holder(s) notifies each line

crew or lineman that the electric linesin the work areas are deenergized.

All grounding connections must be installed first at the grounding point, then they

are connected to the electrical equipment or electric lines that are to be grounded.

The DG installations shall be treated as sources and a ground connection

established. This ground shall preferably be located directly on the output

conductors between the utility and generator where the proper location is visually

identifiable without reference to drawings.

Barriers or guards must be erected on any energized facilities within a prescribed

distance to provide for the safety of the line crew(s).

Once the electric lines and equipment are deenergized, tagged, tested for potential,

grounded, and barriers erected, work by the line crews can be performed.

After work is completed, the barriers and grounds are removed in reverse order of

their installation.

Each permit holder gives written or verbal clearance to the system operator to

reenergize the section of the electric system in which work was performed.

The line crew removes the tags and closes each switch, fuse or jumper and

reenergizes the section of the electric system in which work was performed.

Utility line crews unlock all DG disconnect switches and inform each DG operator

that it is safe to resume parallel operation with the utility system.

The system operator maintains awritten record of all switching operations,

including the time each operation was performed.

Steps 1-2, 4(b)-12 and 14 are the minimum procedures for el ectric system maintenance; steps 3, 4(a) and 13 are the
additional steps required for maintenance on electrical systemswith DG devices present.
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Should such work procedures be adopted, severa specific actions would be required.
Fird, the precise identification of al DG facilities would have to be determined. Thisis
especidly important for emergency conditions, such as periods of severe storm damage,
where emergency crews from other utilities are used to help restore service. A manua
disconnect switch would likely be required by the utility for l power sources
connected to the electric system near the work area. It would have to be visble and
lockable in the open position. This requirement is currently in the IEEE 1547 draft

interconnection standard.

Prior to the interconnection of the DG to the eectric system, the utility personnel would
ingpect the relays, switchgear, arresters, and other interconnection hardware at the
utility/DG interface to ensure that this equipment provides adequate protection and
safety. Identifying, isolating, and tagging the DG can be time-consuming, especidly
where there are anumber of facilitiesin the work area. 1t may be more economical to
use live-line maintenance procedures on these feeders, even though live-line work
typicdly requires more time than de-energized work and is performed by specidly
trained personndl. 1t dso may be safer in the long run.

Modifications may have to be made to the automatic reclosing devices to assure that
out- of - phase reclosures cannot occur. This gpplies not only to the DG generators but

a s to rotating equipment of other feeder customers that may be kept energized and
rotating until the DG generators are disconnected. A problem can exist if the DG isa
synchronous generator or if the feeder capacitance values are such that self-excitation of
an induction generator DG can occur. While the DG owner is responsible to evaluate
the effect on his own generation and provide suitable protection, the utility will be
required to provide protection for other users on the feeder if such acondition can

OcCcur.

Utilities sometimes use circuit breskers and sometimes reclosers for primary feeder
protection and switching at the substation. Reclosers are usudly used out on the feeders
where (0 - 15 sec - 30 sec) and (0 - 5 sec - 15 se¢) reclosing time intervals are typica
settings used on both. The*0” is actudly 20 cyclesfor the circuit breskers and 1v2
seconds for the reclosers. Based on the relay settings mentioned above, it seems
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reasonable that al the DG will be disconnected, and the other feeder |oads de- energized
before the 1%2 second reclosure of the recloser. For the very fast 26cycle circuit bresker
reclosing time, it is doubtful whether al the feeder loads would be de-energized. A

danger of out-of-phase reclosng therefore exists.

There are two possible solutions. One solution is to use voltage supervision of al
reclosing; that is, don’t dlow the device to recloseif voltage exists on the downstream
sde of the device. While thisis possible for circuit breakers and relay- controllable
shunt-trip reclosers, it is not possible for most of the series-trip reclosers. But these
reclosers dready have the 1%2 second reclosing time (which is acceptable), so they do
not need the voltage supervision.

Because the series trip reclosers are satisfactory, it gppears that a smpler solution to the
circuit bresker problem isto increaseitsinitia reclosing interva from 20 cyclesto the
1Y seconds of the recloser. If this were done, they would not have to use the voltage
upervison.

b) High Reliability

Rdiahility asit reates to the ddlivery of power from generation to load is a measure of
the availability of power to the consumers. The principle determinants of reliability of a
power system are factors that relate to frequency and duration of service interruptions.
Many system and customer or load indices have been used to quantify religbility. The
|EEE working group on system design, |EEE P1366, is currently working on
gandardized definition of these reliability indices. The following indices have been
published in the IEEE 1366, “Trid Use Guide for Electric Power Didtribution
Reliability Indices”

c) Reliability Indices

|EEE 1366 has defined rdiadbility indices. These indices will be used to measure the
religbility of the delivery of power from generation to load. With the deregulation of
generation and transfer of many operationa and reliability functions to the 1SO, such
indices are bound to receive more interest and use. In particular the likelihood of new
distributed generation has caused alot of debate on how indices will be impacted. The
following are the technica definitions currently adopted:
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SAIFI: System average interruption frequency index (sustained interruptions).
The system average interruption frequency index is designed to give information about
the average frequency of sustained interruptions per customer over a predefined area. In

words, the definition is

Total Mumi ber of Custom er Internapti ons
Total Humber of Customers Served

SAIFI=

SAIDI: System average interruption duration index. Thisindex iscommonly
referred to as Customer Minutes of Interruption or Customer Hours, and is designed to
provide information about the average time the customers are interrupted. In words, the
Oefinition is

2 Customer Interruption Durations

SAIDI = Total M ber of Custom ers Served

CAIDI: Customer averageinterruption duration index. CAIDI represents the
average time required to restore service to the average customer per sustained
interruption. In words, the definition is:

> Customer Interruption Duraticns
Toatal Mun ber of Custorers [rdernapti ons

CAIDI =

ASAL: Average service availability index. The average service availability index
represents the fraction of time (often in percentage) that a customer has power provided
during one year or the defined reporting period. In words, the definition is.

Custother Howrs 3 ervice Availabdlity

Customer Howrs Service Demand

ARAI =

d) Reliablity Index Survey
The Working Group on System Design has conducted two surveys on distribution

reliability index usage. The first one was completed in 1990, and the second was
completed in 1995. The purpose of the surveys was to determine index usage. In 1990,
100 U.S. utilities were surveyed, 49 of which responded. In 1995, 209 utilities were
surveyed, 64 of which responded.



Both surveys showed that the most commonly used indices are SAIFI, SAIDI, CAIDI,
and ASAI. The results of the survey dong with values of these indices as reported by
utilities are presented in aworking group paper “A Nationwide Survey of Digtribution
Rdliability Measurement Practices’ by |EEE/PES Working Group on System Design,
Paper N0.98 WM 218.

Loss of generation and inability to transport power from generation to load are the two
principa factors that would affect the reliability of power as ddivered to the consumer.
Loss of generation accounts for asmall portion of outages. A survey conducted by City
of Augtin Utilitiesin 1995 shows that gpproximately 85 to 90% of the outages are due
to problems on the traditiond digtribution systemn, which is mainly the portion of the
circuit that extends from the utility substation to the customer’s service equipmen.
While this percent may vary from utility to utility, records of any Cdifornia utility

should show the same approximate breakdown of outages assigned to elther |oss of

generation, transmission, or distribution.

The reason for this breakdown can be easily understood by reviewing the main causes
for outages. weether-related events such as lightning, deet, and ice sorms; animd and

tree contact; car-pole accidents; and equipment failure.

e) Reliability Events
Definitions of severa categories of interruptions as defined by IEEE Trid Use Standard

1366 are provided in the glossary. These include “interruption” and six subcategories of

interruptions.

f) Reliability and T&D with DG
Theissue a hand is to determine how exigting rdigbility of the power sysem may be

impacted because of the interaction of the new decentralized generation with the T& D
infragtructure and how thisis any different from the interaction of centrd-sation
generators with the T& D system or with end-use loads with the T& D system. The
answer to the question depends on the framework in which decentrdized generation is
connected to the grid. Also, the rdiability at a particular end user with DG may be
different from the neighbor. Therefore, rdiability with DG and system religbility both
need to be evaluated.
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g) Reliability Enhanced at End-User with DG
A smple reliability caculation shows that adding generation at the end user improves

religbility. The chdlenge hereis how to measure “cusomer” rdiability instead of
“sysem” reliability, because what matters to the customer is how continuity of service

to his premises ultimately equates to process interruptions, lost revenue, or some kind of

other measurable loss. To illudrate this, the availability of power as measured at the
customer is shown in Figure 7-12, with and without on-site DG. Notice that even with
switchable generators, the percent availability of power to the customer increases by the

presence of DG.

A. Paralld Supply: Cusomer Supplied by Generator and Utility Feeder
Distribution Feeder | Generator
Feeder Failures per year 3 8
Generator Q Restoration/Repair S0hours
time per falure 4 repar time
b per failure
Avallability: 99.86% 97.26%
Total Availability: 99.9962%
Customer
B. Parallel Supply: Customer Supplied by either Utility Feeder or Generator with A transfer Switch
Feeder | Generator
Distribution Failures per year 3 8
Generator Feeder 30 hours
Restoration/Repair L
: . 4 repar time
time per falure :
per failure
Avalldaility: 99.86% 97.26%
Trander Time %2 Hour
| ! Total Availability: 99.978%
Customer
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C. Paralld Supply: Two Generators

Failures per year for 8
Each
Generators
Restoration/Repair 30 hoursrepair
time per fallure time per fallure
Avalahility: 97.26%

Totd Availahility: 99.883%
(Unavailability hoursfor the two pardld
unitsis 6.7, compared to 30 for one unit.
As the number of unitsin pardld
increase, this number goes down. For 3
Customer unitsin paraldl it is less than 20 minutes)

Figure 7-12. Rdiability of end-use consumer with DG.

h) Reliability Concerns for Distribution Feeder with DG
Technically, thereis no reason why decentralized generation cannot be seamlessly

integrated with the distribution system without affecting reliability. Under the existing
environment in which distribution protection and rdliability schemes are mogtly

designed with aradid distribution feed and cascaded power flow in onedirection in

mind, the interaction of the new generation with the digtribution system is going to

negatively impact the rdiability of the system unless each Stuation is carefully

evauated before ingtaling the distributed generation. It does not have to be this way

because of any fundamenta technical reason—the only reason is that distribution

systems are not designed for handling two-way power flow from the beginning, which
isentirely different from the transmisson network, which has been designed with the

premise that power flow can be bi-directiond.

For example, many utilities use automatic sectiondizers to isolate faulted sections of
digribution circuits. By dong so, reliability of the system is increased because the
duration and the number of customers losing power is significantly reduced by

reconfiguration of the system and serving the customer from an aternate circuit.

Both three-phase and single-phase units are available and are used for three-phase

feeder gpplications and single-phase |aterd gpplications respectively. Automatic
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sectiondizers do not have sufficient interrupting capecity to clear fault currents (they

can interrupt load currents) and are used in conjunction with a suitable upstream
interrupting device such as a circuit bresker. Automatic sectionaizers work by detecting
the presence of afault current downstream of their location. When such current is
detected, they wait for a circuit breaker upstream of their location to de-energize the
line. Once this occurs, the sectiondizer contacts open. When the upstream breaker
recloses, the faulted section of line will have been removed from the circuit.

Sectiondizers can be programmed to alow the upstream bresker to attempt repeated
reclosures prior to the opening of the sectiondizer contacts. DG units placed
downgtream of the sectiondizer may interfere with its operation by keeping the line
energized longer than would ordinarily be the case with the utility source alone. Large
DG units located downgtream of the sectiondizer but feeding faults upstream of its
location may aso confuse the sectiondizer logic so that it thinks the faulted section of

the line is downstream of its location.

While ownership of the DG has no bearing on how it will impact the religbility of the
system, seamless integration of the unit will require close cooperation between the
integrator of the DG unit and the distribution system operator who has designed the
coordination and protection schemes without considering the existence of decentrdized
generdtion. It isvery possible that protection schemes and in some cases protective
equipment on the digtribution grid will have to be modified in order to accommodate the
ingdlation of a generating unit in the system.

Technicaly, thereis no reason why decentraized generation cannot be seamlesdy
integrated with the distribution system without affecting reliability. However,

somebody has to decide who pays for the cost of the system study that may be required
and aso digtribution protection- scheme changes that may have to be implemented for a

seamlessintegration.

Studies such as these are routine for connecting central generators to the transmisson
grid. However, due to the economies of scae, the cost of such a study as compared to
the generator cost is minima. Unfortunately, in the case of decentraized generation,
while the complexity of the analyssis reduced because of the unique radid design of
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digtribution system and its protection scheme, the cost of the analysis and distribution
system reconfiguration (if required) becomes an increasing portion of the total generator
cost.

When didribution automation is avalable, it may play akey rolein minimizing the risk
of DG negatively impacting the distribution system. Many potential problems arising
from digpersed resources on dectric distribution feeders stem from the common
practice of operating distribution feeders “ open loop”; that is, operating with little
centra communication between the utility and the load. Many problems, such as
idanding, are diminished when the communication loop between the utility sysem and
the dispersed resourceis closed. Digtribution autometion is atool for closing that loop.
The higher the speed of the communications system, the tighter the loop becomes.

i) Reliability and T&D with End-Use Consumption
Concern over misoperation of distribution system protection schemes is by no means

unique to decentrdized generation. Large synchronous motors used in many process
industries could cause the same response on the sectionlizer by feeding upstream faults.
However, when digtribution systems are designed for new loads, fault contribution from
end-use loads, if they are sgnificant, are taken into account during the design stage.
Thereis no technica fundamenta reason why it cannot be done for distributed
generation as well. But the main issueis: once the system has been designed in acertain
way taking into account the interaction of the end-use load, the addition of decentralized
generation on a new large synchronous motor load to that syslem will require a
reevaludtion of the origina design scheme in order to ensure that proper coordination is
possible with the DG unit.

End-use consumption can have abeneficid impact on system reiability aswell. When
the load is able and alowed to participate as aresource in rdiability, the pool of
reserves isincreased. This provides the system operator with additiond rdliability
resources. This can be epecidly important during times when there is a capacity
shortage in the energy and ancillary service markets.
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j)  High Quality Power

Power quality has emerged as an important issue for end-use customers. Higtoricaly,
power quaity issues had been the domain of dectric utilities, which focused on
reducing or diminating power outages. However, the recent proliferation in use of

electronic equipment and microprocessor-based controls has caused dectric utilities to
redefine power qudity in terms of the qudity of voltage supply rather than avallability

of power. Inthisregard, IEEE Std. 1159-1995, “Recommended Practice for Monitoring
Electric Power Qudlity,” has defined a set of terminologies and ther characteridtics to
describe the eectrica environment in terms of voltage quaity. Table 7-5 showsthe
categories of power qudity disturbances with spectra content, typica duration, and

typical magnitude.

Table 7-5. Categories of power quality variation — | EEE 1159-1995.

Spectral Typical Typical
Categories Content Duration Magnitudes
1.0 Trangents
1.1 Impulsve
1.1.1 Vodltage >5kHz <200 ps
1.1.2 Current >5kHz <200 ps
1.2 Osillatory
1.2.1 Low Frequency < 500 kHz < 30cycles
1.2.2 Medium Frequency 300-2 kHz <3cycles
1.2.3 High Frequency > 2 kHz <0.5cycle
2.0 Short-Duration Variations
21 Sags
2.1.1 Ingtantaneous 0.5-30cycles | 0.1-1.0pu
2.1.2 Momentary 30-120 cycles | 0.1-1.0 pu
2.1.3 Temporary 2sec—2min 0.1-1.0 pu
2.2 Swdls
2.1.1 Ingantaneous 0.5-30cycles | 0.1-1.8 pu
2.1.2 Momentary 30-120 cycles | 0.1-1.8 pu
2.1.3 Temporary 2ec—2min 0.1-1.8 pu
3.0 Long-Duration Variations
3.1 Overvoltages >2min 0.1-1.2 pu
3.2 Undervoltages >2min 0.8-1.0 pu
4.0 Interruptions
4.1 Momentary <2sec 0
4.2 Temporary 2c-2min 0
4.3 Long-Term >2min 0
5.0 Waveform Distortion
5.2 Voltage 0-100th Harmonic | steady-state 0-20%
5.3 Current 0-100th Harmonic | steady-state 0-100%
6.0 Waveform Notching 0-200 kHz Steady-state
7.0 Flicker <30Hz intermittent 0.1-7%
8.0 Noise 0-200 kHz intermittent
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While these definitions describe the technica characterigtics of the quality of voltage
and current, the ultimate definition of power qudity liesin the ability of the end-use
equipment to work in the norma dectrica environment. Power qudity has more to do
with compeatibility of load and eectrical system rather than a set of technical
descriptions that defines the boundary of what is acceptable and what is not.

k) Quality Power and T&D with DG
Of the power quality disturbances listed in the table, the two main categoriesthat are

commonly referred to as alimiting factor for DG penetration are waveform distortion,
aso known as harmonics, and flicker. Both of these dements are mainly due to the
interruptions of end-use loads with the T& D system. Distributed resources depending
on the technology applied may aso affect these dements. However, thisimpact isno
different than that of the interaction between end- use |oads and the T& D system and

can be treated the same way as end-use loads.

One of the principa issuesin power qudity-related constraint that is often talked about
isthe harmonic current injected by DG equipment using static converters and itsimpact
on waveform digtortion. However, implementation of guidelines and standards for
harmonic current emission for DG devices (Smilar to what has been done for end-use
loads through gpplication of |EEE 519-1992 “|EEE Recommended Practices and
Requirements for Harmonic Control in Electrical Power Systems’) will ensure that
generation and loads have the possibility of negatively impacting the grid voltage

waveform disortion.

Another power qudity category that is often cited as alimiting factor for some types of
new generation, epecialy wind and PV, isflicker. Hicker results directly from the
interaction of T& D with time-varying generators and loads. Arc furnaces, welders, and
motor starting have been primary the cause of flicker inthe T&D system. Traditiondly,
the GE flicker curve, which defines the objectionable range of irritation based on the
frequency and magnitude of voltage variation, has been used in order to ensure that
flicker-producing loads are not connected to the T& D system without using mitigation
methods (see Figure 7-13). However, the difficulty in quantifying flicker usng the
curve has led to the development of a new method, which quantifies the severity of
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flicker and provides recommended guidelines for connection of possible flicker-

producing loads.
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Figure 7-13. Original flicker curve by Willard Brown, GE, 1921.

More recently, efforts of the Internationa Union of Electro-Hesat (UIE) in Europe led
the combining of flicker Standards from France, England, Germany, and Japan to anew
international standard on flicker measurement, IEC 1000-4-15 (formerly IEC 868). The
UIE flicker measuring method is based on a comprehensve sophigticated smulation of
the lamp-eye-brain performance, taking into account al technica details of lamp
behavior and al physiologica aspects of the human visua sensation system.

Monitoring with a UIE flicker meter provides a single number describing the severity of
voltage fluctuations, in units of Pst (“s” referring to a short term of 10 minutes). Pst=1

isthe threshold for complaints for dl frequencies. A longer-term severity measurement

usesthe Pt scde (“It” refersto alonger term of two hours). Psty is the maximum over
the measurement period. The severity level can be obtained a different probability

levelsto filter out rare events. For example, the measurement of Ptggo, is the value
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having a probability of 1% to be exceeded during a Sgnificant measurement period, and
Pstoso, has a 5% probability.

Current activitiesin IEEE P1547 are geared towards defining the standard of
interconnection for new generation using the same methodol ogy that is used to connect
loads to the T& D system. Implementation of this standard will ensure that interaction of
new generation with aT& D system in producing objectionable flicker will be treasted
the same way as is done for loads without affecting the quality of the supply to other

customers.

The current debate on both harmonics and flicker isrelated to whether generation
should be treated differently from loads in order to minimize their interaction with the
T&D system. From afundamentd point of view, generation and load should not be
treated differently when it comes to either harmonic emisson limits or flicker.

However, because of exigting limits that were designed based on equa apportion of
emisson criteriato offending loads, there is no room to accommodate the generation
portion of these emissions because traditiond central- station generators were not a
contributor to either harmonics or flicker. If generation and loads have to be treated the
same way, then the limits previoudy designed for end-use loads need to be tightened in
order to accommodate the generation portion of the emisson limit, or dricter limits

have to be imposed on generation.

Table 7-6. Characteristics of three-phase transformer connectionsuse for DG applications.

Type of Transformer _

o _ Advantages Disadvantages
Distribution  Connection

System Used

grounded-wye -

high-side/delte
low-side

Prevents high-side
overvoltages during faults
(acts as a ground source)

Good for power converters
that can’t be grounded

Provides isolation for

power converters from
utility system voltage
swells
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Zero sequence circulating
currents in delta winding
(grounding impedance
required on wye side to
limit this)

This winding arrangement
would not usually be
available as the existing

transformer at most
customer sites



Type of Transformer _
S _ Advantages Disadvantages
Distribution  Connection
System Used
Desensitizes feeder
ground fault protection by
acting as a ground source
grounded-wye Prevents high-side The generator itself must
high- overvoltages during faults be effectively grounded if
side/grounded (only if generator is this type of transformer
_ -wye low-side effectively grounded) bank is to act as an
Four_-wwe Prevents zero sequence ggefgge%g?:ggﬁje“mes
multi- circulating current on low . ltJ ('bl
grounded side ot possible) .
neutral Commonly available as
the existing transformer
configuration at customer
sites
delta high-side - Sometimes available as Larger units above 100
/grounded-wye the existing transformer kVA pose the very real
low-side configuration at customer threat of causing
sites damaging overvoltages
during utility ground faults
Could cause
ferroresonance during
single phase operation
delta high- Provides best isolation of Larger units above 100
side/delta low- voltage swells and sags kVA pose the very real
side reaching the power threat of causing
converter damaging overvoltages
Good for power converters d“f“l‘g lét"gy grou?d faults
that can’t be grounded or 1slanded operation
Three-wire | delta high- Should provide good No ground reference
un- side/delta low- performance makes ground fault
side detection more difficult
grounded
system

delta high-side -

/grounded-wye
low-side

Should provide good
performance

Provides a ground
reference on the generator
side

Unbalanced output on
generator could create
zero sequence circulation
on delta high-side
winding.
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[) Quality Power and T&D with End-Use Consumption
Mogt of the power quality categories as described in IEEE 1159-1995 are characterized

by typica duration, which ranges from microseconds to seconds. These short-duration
disturbances, resulting from ether faults in the eectrica system or a consequence of
normal switching operations, are expected in any dectrica environment. The degree to
which end-use equipment can withstand these disturbances depends to a large extent on
the built-in immunity of the end-use loads to these disturbances.

Specifying the qudity of voltage required is meaningless if a corresponding

specification of what end-use equipment can tolerate is not specified. Unfortunately,
there is no governing sandard that defines the immunity of equipment. Worldwide
standards regarding equipment immunity are dow to emerge due to the wide range of
equipment used in the end- use sector. What has emerged in the interim is a plethora of
power conditioning equipment, which the end-use customer can pick from if needed for
providing the qudity of power that is required by his particular load.

m) Minimal Environmental Impact
Electric power generation can be amgor contributor to environmental problems. The

impact of the existing industry, and of any change in indudiry structure, must be
congdered in light of overdl societd interests. Environmenta concerns associated with

electric power generation and consumption include:
= arqudity
= water qudity
m  noiseimpacts
m |and use and visud impects
m hazardous wastes
= impacts on endangered species

Air qudity management digricts have established limits for certain air emissons that
affect human hedlth and the environment. Regulations are based on performance
standards established by the U.S. Environmental Protection Agency (EPA); however,

individud jurisdictions can impase more redtrictive limits. Regulations for emission
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limits can vary based on the type of fud, the prime mover technology, and the size of

the generating source. Among the regulated emissons are oxides of nitrogen (NOx),
carbon monoxide (CO), volatile organic compounds (VOC), sulfur oxides (SOx) and
particulate matter (PM 10 and PM2.5). Most of these pollutants have been categorized as
“criterid’ pollutants by the EPA and are regulated as part of the National Ambient Air
Quality Standards.

Carbon dioxide (COy) is not currently regulated; however, itsidentification asa
greenhouse gas possibly involved in globd dimate change has caused considerable
debate concerning its abatement.

n) Emission Control Technologies
Emission control can be categorized as elther a combustion modification or a post-

combustion treatment. In the former category, the rate of combustion is controlled to
prevent formation of a particular pollutant. These technol ogies often alow combustion
to occur in stages, controlling the amount of air to each stage of combustion with or
without a catalyst.

In the latter category, the task is to remove the pollutant that has aready been created
during the combustion process. In the case of boilers using residud oil and cod, the
high sulfur content requires remova of SO, from the flue gas, unlike natura gas, which
has avery low sulfur content. Heavy and residud oils, cod, and diesdl fud generate
sgnificant amounts of particulates that must be removed from the exhaust gas with
filters or eectrogtatic precipitators.

Emisson-control technologies were developed primarily during the 1980s in response
to environmentd legidation. Two post-combustion treatment technologies, sdective
cataytic reduction and non-sdlective cataytic combustion, have been successfully
applied.

The most likely environmental issues for central generating plants are listed in table 7-7.
Being centrd and large can result in high concentrations of these environmentd insults.
More resources can be dedicated to monitoring each emissions source, however.
Smokestacks, for example, can be monitored continuoudy. Failures of pollution-control
equipment can be detected and fixed quickly. Similarly, more money can be spent on
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advanced pollution-control equipment. The plants can more easily accommodate

interactive control technologies that react to current environmenta conditions, such as

fuel switching,

Table 7-7. Environmental issuesfor central power generation.

Environmental Issue

Description / Review Objectives

Air Quality

Stack emissions comply with standards; controls are
appropriate.

Biological Resources

No adverse impacts to surrounding ecosystem.

Hazardous Waste

Wastes are properly handled, stored, transported, and
disposed.

Visual Impacts

Aesthetic evaluation of project’s impact on existing landscape.

Land Use Compatibility of project with existing/future land uses.
Solid Waste Management and minimization of solid wastes.
Public Health No adverse exposure of pollutants to workers and

communities.

Hazardous Materials

Materials are handled and stored properly.

Water Quality/Discharge

No adverse impacts to water supply by water discharge.

Noise Impacts

Evaluation of noise audibility to workers and communities.

Soil Resources

Affects of wind- or water-induced erosion.

Accidental Releases

Release of hazardous materials to the atmosphere and local
impacts.

Smilarly, the large size, high cogt, and long planning process associated with central

generating stations accommodate environmental impact sudies for each facility. The

permitting process can be tailored to the specific conditions of each site.

Large facilities can more easily participate in market-based environmental solutions,

such as the SO, dlowance market. This can help minimize the cost of achieving desired

environmentd gods.
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The transmission and digtribution system does not itsdlf contribute to air or water
emissions. Power lines are consdered by many to be ungghtly. Substation sound from
transformers is sometimes a concern in quite resdentiad neighborhoods. Those
concerns, coupled with concerns over EMF effects, often make siting transmisson and
digribution fadilities difficullt.

Transmission and distribution can impact on power plant dispatch and cost. Insufficient
transmission or digtribution capacity can result in dirtier generators running more often
than they might otherwise run if there were sufficient transmisson and distribution to
bring cleaner power to market. The opposite can be true as well, however. Transmission
can help dirty, remote power get to market and offset cleaner, locd power if the dirty
power is cheaper than the clean power.

Transmisson and digtribution facilitate market choice among generators. This enables
green power markets, alowing market forces to reduce the environmenta impact of
eectricity production if that iswhat consumers want.

0) Environment and T&D with DG
Digributed generators are often fueled with natural gas and may inherently have lower

emissons than the average emissons from the central generators they are displacing.
They are closer to the load, which reduces |osses and can make them more responsive to
individua customers needs—both of which can reduce emissons by increasing

efficiency. The grestest efficiency improvement can come from the ability of distributed
generation to provide cogeneration of hegat, cooling, process steam, and other energy

products.

The most likely environmenta concerns for distributed generators are listed in Table 7-
8. Being closer to the load that the generation is serving may mean that the distributed
generator is closer to other residences or locations that are sensitive to noise or the
visud impact. This presents a disadvantage to distributed generation.

The amdler sze and lower cogt of individud units can make it more difficult to monitor
emissions as closaly as would be done for acentral generator. It may aso take longer to
detect faulty emission-control equipment. The adminidirative cost of dedling with
environmenta regulations must be spread over fewer MWH of energy, making it
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relatively more expensive. The need for “pre-qualifying” equipment is gregter for
distributed generation than for centrd plants.

Not al distributed generators are inherently low-emission units. It can be hard for
reci procating-engine-driven generators designed for emergency use to obtain air quality

permits to alow continuous operation.

Digtributed generators may be small enough, individualy, to receive more lenient
treestment for environmental emissions. This may become a concern asthe tota
digtributed generation ingtalled capacity rises.

The transmission and digtribution system lill increases options for reducing generator
emissons. Emissons limits can be imposed without curtailing load; other cleaner
(typically more expensive) generation can replace the offending generation. Emissions
alowance trading can be conducted to economicaly reduce emissons, dthough thisis
more difficult with smal generators.

Table 7-8. Likely environmental issuesfor distributed generation.

m  Air Qudity m Hazardous Materid s'Waste Management
m Emisson Reduction Credits/Trading = Noise Impacts

m  Accidenta Releases »  Water Qudity Discharge

m Public Hedth

p) Environment and T&D with End-Use Consumption
When transmission and digtribution is used to enable end-use participation in red-time

energy and ancillary service markets, peask emissions can be reduced. Alternatively,
loads could respond to adverse environmenta conditions ether through direct apped or

by monitoring the emissions.

g) Reasonable Cost
Transmisson and digtribution facilitate moving generation from a regulated industry to

amarket-based industry. Hopefully thiswill provide better economic efficiency for
energy and ancillary (rdliability) services.
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Transmission cogts only about one tenth as much as generation, distribution about
another tenth. Direct costs can be controlled, asthey historicaly have been, through
careful regulation of the monopoly service. Cost control has to be balanced with
reductions in rdiability (and the resulting cost to consumers) or the reduction in
commercia freedom for generators and loads (with economic consequences to both).

Transmisson and distribution aso reduce generation costs by enabling reserve sharing.

Transmission and digtribution congraints are detrimenta to generation markets. It is
gppeding to recommend building enough transmission so that it never condrains
generation markets. Unfortunatdly, the congtruction of new tranamission linesis often
opposed by loca residents and landowners and is therefore paliticdly difficult to
achieve. Regulaory rules may not permit utilities to recover fully the costs of such
“overbuilt” sysems. Mogt importantly, transmission systems that appear to be robust
and flexible are designed to service a pecific set of expected generation and load
patterns. Attempting to facilitate al possible combinations of generation and load would
ovewhdm any redidic transmisson system.

r) Economy and T&D with DG
Distributed generation can aso be market based, providing customer choice.

Transmission and ditribution facilitate customer choice and enable distributed
generation to operate in the most economic manner. Cogeneration can be deployed with

distributed generation, greetly increasing efficiency.

Economic efficiency is best served if distributed generators are free to enter and leave
the energy and ancillary service markets when red-time prices rise above the distributed
generator’ s operating cost. Thiswill dictate how many hours each distributed generator
operates.

Digtributed generation aso provides an economic aternative to enhancing the
transmission and ditribution system. The Size of digtributed generation additions also
better matches the increments of load growth, avoiding the problem of unused capacity
when centra generation additions are made.
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s) Economy and T&D with End-use Consumption
When transmission and distribution are used to enable end-use participation in red-time

energy and ancillary service markets, customers can respond to conditions on the power
system. Demand dadticity is enabled. A market without demand dadticity isonly haf a
market. Transmisson and distribution reduces cogts by enabling physica load
aggregation, which reduces total peak demand and required generating capecity. It also
greatly reduces the regulation requirement.

t) Clarification of Loop Flows
Loop flows (dso known as unscheduled power flows, circulating power flows, and

pardld path flows) are unintentiond flows of dectrical power on transmission lines
between interconnected systems. The magnitude of the loop flow isrelated to the
eectricd system topology, and is afunction of the different impedances of the different
paths, as wdll as the different node voltages and phase angles.

Loop flows explain the difference between the scheduled and actud power flow,
assuming zero inadvertent interchange, on a given transmission path. For example,
referring to 7-14, if area X and Y agree on a certain exchange of power on acertan
transmission corridor, this may not be possible due to ether exchanges between X and

Y or even loop flow between areas A and B over some partsof X or Y.

Figure 7-14. L oop flows

Loop flows are one of the reasons for congestion certain transmission lines and
corridors. They dso effect and hinder trades between different systems (pools) in a
large interconnected network. Currently there is no consensus on a common

transmission pricing methodology and, usudly, each independent system operator (1SO)
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usesits own. This makesit difficult to calculate the cost of atransaction between two
different systems epecidly if they are not physical neighbors—awell known problem

of loop flows.

Analysis of Distributed Generation Impacts On Distribution (witness
B. Kirby)

7.A.130verview
The operation of dectric power sysemsis fundamentaly different from other utilities.

Electric systems have two unique physica characterigtics:

B Electric energy is not commercialy stored” like natural gas and water. Production and
consumption (generation and load) must be balanced in near red-time. This requires
metering, computing, telecommunications, and control equipment to monitor loads,
generation, and the voltages and flows throughout the power system, and to adjust

generation output to match consumption.

B Thetransmisson and ditribution network is primarily passive, with few “control
vaves’ or “boogter pumps’ to regulate dectrica flows on individud lines. Flow-control
actions are limited primarily to adjusting generation output and to opening and closing
switches to add, remove, or reroute transmission and distribution lines and equipment

from service.
These two operating congtraints led to four reliability consequences with practical
implications that dominate power system design and operations.
1. Every action can potentidly affect al other activities on the power system. Therefore, the
operations of al bulk-power participants must be coordinated.

2. Cascading problemsthat quickly escaate in severity are ared threat. Fallure of asingle
element can, if not managed properly, cause the subsequent rapid failure of many
additiond dements, potentidly disrupting the entire power system.

" Electricity is not “ stored” directly. When electricity is“stored,” it is converted to another form of energy and re-
converted later. Pumped storage hydro converts el ectricity to mechanical potential energy by lifting water. Batteries
convert electric energy to chemical potential energy. The re-conversion to electricity uses conventional generators or
inverters.
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3. Theneed to be ready for the next contingency, more than the current conditions, is
factored into operations, and the likely flow that would occur if another ement fails
limits alowable power transfers.

4. Because dectricity flows a nearly the speed of light, maintaining system stability and
religbility often requires that actions be taken instantaneoudy (within fractions of a

second), which requires automatic computations, communications, and controls.

These concepts have important consegquences for what contitutes congestion and how DG

interacts with the power system.

a) T&D Reliability Benefit
Because dectricity cannot be stored and because generators are not perfectly reliable, it

is beneficia to have additiond generating capacity available, ready to respond
immediately if agenerator fails unexpectedly. Smultaneous fallure of multiple
generatorsis unlikely, so asingle extragenerator can provide reliability reserves for
multiple generators if aT& D system is available to move power from the reserve
generator to the place it is needed.® In practice, “extra’ generators are not typically used
to provide the primary reliability reserve. Instead, reserve capacity is made available on
many generators. Still, therole of T&D in fadilitating reliability isthe same,

b) T&D Economic Benefit
Transmisson and didiribution systems contribute to reducing operating costs aswell as

increasing reliability. With large numbers of generators and |oads connected together, it
Is possible to operate the most economic mix of generation needed to serve the
changing load & any given time. Thisis made possible by networking and providing for
dynamic power transfer from generation sources to end-use consumption points as
required to maintain system energy baance.

The most economic mix of generation can be sdected through traditional centraized
least-cost economic dispatch (as was done historically) or through market- based
competition (asis done in Cdiforniatoday). In either case, the ability to adjust the mix

8 Different types of reliability reserves are discussed more fully as Ancillary Services later.
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of generation to economically accommodate different load patternsis facilitated by the

transmisson network.

c) T&D Load Diversity Benefit
Aggregating loads through the T&D system aso has bendfits. Individudly, loads tend

to fluctuate dramaticaly. Short-term fluctuations (faster than 10 minutes), for example,
tend to be random among loads. By interconnecting many loads together, the T& D
system presents a net load to the generators that is much less erratic and therefore easier
(and cheaper) to follow. For example, 100 homes aggregated together present only 10

times the regulation burden that one home presents.

d) T&D and Generation
While T&D and generation, especidly distributed generation (DG), can often be

interchanged to provide reliability or adequacy of supply, this raises a multitude of
complicated regulatory and market issues. Adding rdiability-must-run generation does
not facilitate energy markets and does not provide afully adequate T& D system. On a
small scale, astheload on a substation transformer grows and nears the transformer
capacity, ether the T& D system can be enhanced (replace the trandformer with alarger
unit, for example), or DG can be deployed. Smilarly, on alarger scae, when the load
within a region exceeds the cgpacity of the transmission system to access remote
generdion, either the transmisson system can be enhanced or local generation can be
ingalled. The need for additiond capacity can be for reliability reasons (aradid lineis
samply inadequate to carry the required load) or for economic reasons (the load would
like to access chegper remote generation sources). Usudly it isfor acombination of the
two, and differentiating between them is difficult.

7.A.14Technical Attributes of End-use Consumption
The following technicdl attributes are typicaly used to distinguish or classfy end-use

consumption. They describe the ectrica characteristics of consumer equipment that may

impeact the functions of end-use consumption in a power system. Not listed as atributes are

generic types or named technologies of load equipment such as induction motor, nonlinear
electronic device, dectromagnet ballast, and linear heeting element. These named

technologies are often used to classify end-use load equipment but they are not measures of
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performance or specific technicd attributes. Traditional load characterigtics of end-use

consumption include:

a) Voltage Level
Voltage & the dectric service entrance or a the point of common coupling with the

EPS. For a consumer, thisis usualy the low-side voltage of the service transformer. For
gpecific loads or gppliances, it is normally the termina voltage where the gppliance
(cord-connected or hard-wired) interfaces with the building wiring sysem. Standard
voltage levels are given in ANSI C 84.1 and are measured in volts per phase or asthe

average of three phases.

b) Peak Demand
Typicdly the maximum of a 15- or 30-minute average energy consumption. Often

measured when the power system setsits peak demand (coincident peek). Thisis
measured in MW or kW.

c¢) Energy Consumption
Amount of energy consumed over the hilling period. Thisis measured in MWH or

KWH. The ratio of the energy consumed (over ayear, for example) to power capacity is
the load factor.

d) Regulation Requirement
The burden the load places on the power system due to the minute-to-minute

fluctuationsin red-power regquirements. Regulation requirements can be measured as
the standard deviation of the two-minute energy consumption requirements measured
over an hour. Regulation requirements vary among customers. Aggregation gregtly
reduces the regulation requirement for the entire system.

e) Impedance
Electricd nature of the load device may be primarily resstive, capacitive, or inductive.

These characterigtics can be directly measured and are given in ohms at 60 Hz, or in
frequency-independent Ohms, Farads, and Henries. Electronic equipment has the
specid characterigtic of anonlinear or varying impedance. Practices for measuring the
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impedance of nonlinear €ectronic equipment have not been established except with

respect to harmonic distortion measures.

f) Energizing and Inrush Current
Peak current usudly measured as amultiplier or percent of full-rated RM S current. Also

cdled garting current, inrush current can be as high as three to eight times the normal
garting current for such loads as induction motors starting from the locked-rotor
position. It is measured in amps based on a short-term RM S reading (not instantaneous,
but %2 to one cycle RM S measurement).

g) Diversity and Duty Cycle
Indicates the degree that many independent end- use loads are operating at the same

time, induding variations in the levels for the same appliance. The aggregate load is
expected to have alevd of diversty defined as the difference between the sum of the
maxima of two or more individua loads and the coincident of combined maximum
load, usudly measured over a specified period. This measurement can bein kVA, kKW,

or amps.

h) Power Factor
The ratio of the real power consumed to the gpparent power. Thisis ameasure of the

reactive power requirement of the load. Additiond definitions of distortion power factor
and true power factor may be gpplicable when measuring power quality problems.

i) Dynamic Response
The load response when changes occur in the voltage or frequency of the power system.

Mogt load equipment have a predicable response, which is measured as constant
impedance (resistive lighting), constant power (motors, computers), or constant V x |.

j) Current Distortion
The degree to which equipment generates a nonlinear relationship between the applied

voltage and the current drawn. This digtortion is measured in percent total harmonic
digortion (THD), individual harmonic (HD) or totd distortion (TD). During
measurement, the test voltage source must be regulated, have a standard known

impedance, and have a Snusoidd voltage waveform.
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7.A.15End-use Consumption and DG
Individua loads present different challenges to the power system. Often these chalenges are

at least partidly under the control of the load, either through changesin the red-time
operation or in the design of the load. These differences are accentuated when DG is present
because the number of possible operating modesis increased. In arestructured environment,
additional characterigtics should be of concern:

a) Real-Time Energy Consumption or Production
The vaue of energy changesin red time, as can be seen from wholesale market

behavior. Loads and distributed generators should see redl-time energy prices so that
end users and DG owners have the option to modify the behavior of their equipment to

help the power system and reduce their costs.

b) Individual Ancillary Service Consumption or Production
Loads vary dramaticdly in their ancillary service consumption. Loads that use less of an

ancdillary sarvice (for example the relatively low regulation burden of an duminum
smeter) should not be charged average rates that subsidize the heavy ancillary service
users (for example, the rdlatively high regulation burden of an arc furnace mill). Figure
7-15 shows two loads with similar energy requirements that have dramaticdly different
ancillary service requirements. Loads and distributed generators that can provide
ancillary services to the power system should be alowed to do so. Aswith energy, the

vaue vaiesin red-time. Prices should vary in red-time aswell.
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Figure 7-15. Individual loadsimpose different ancillary service requirements.
c) Location.
The vaue of energy changes with location on the power system if there is congestion
present. Loads and digtributed generators should see the locationa price signalsto
enable them to participate in rdieving congestion.

7.A.16Technical Attributes of Generation
The following technicd attributes are typicaly used to distinguish and classify generation.

They describe generator eectrical characteristics that may impact the functions of
generation in a power system. None of these attributes depend on ownership of generation,
including the ownership of DG. They may affect operationa aspects of the generation
functions, but they do not depend on them. Not listed are the different generic types or
named generator technologies such asinduction, synchronous, and inverter. These generic
names are often used to classfy generators but are not measures of performance or specific
technical attributes.

a) Voltage Level
Voltage at the dectric service entrance or at the point of common coupling with the

EPS. Generation voltage level is measured in volts per phase or given asthe average of

three phases. Standard voltage levels are given in ANSI C 84.1. Note that the variation
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of the three phases may aso be of interest. This variation is measured as a percent of
unbalance, which isthe largest voltage of two phases divided by the average of the

three.

b) Power Capacity
Ability to deliver redl power to the power system. Thisis measured in MW or KW.

c) Energy Capacity
Ability to ddiver power over alength of time (energy isthetime integra of power).

This characteristic is measured in MWH or KWH. The rétio of the energy capability
(over ayear, for example) to power capacity is the capacity factor.

d) Efficiency

Theratio of the eectric energy generated to the primary energy supplied. The primary
losses usudly occur in the therma cycle for conversion from heet to mechanica energy.
Here it isimportant to consder whether the waste hest is (or can be) used. Additiona

losses occur in the dectric generator for conversion from mechanica to eectric energy.

e) Short-Circuit (SC) kVA
Interna characteristics of the generator or the combination of generator and step-up

transformer determine the short-circuit KVA. The SC power givenin MVA or kVA is
usuadly caculated based on these factors, rather than measured. Generation hasa
transent and a sub-trangent response characteristic. Therefore, two different values
may be given. Also, SC kVA may be measured as a*” contribution” ratio, defined in the
|EEE draft standard 1547 as the aggregated DG SC kV A divided by the system SCt
kVA.

f) Ramp Rate
Ability to change power output, measured in MW/min. Thisisdso often teken asa

measure of controllability because there currently is no good controllgbility metric.

g) Dispatchability
Ability to switch between the non-operating and the operating states (and visa-versa)

and to deliver a pecified red- power output upon commeand. Metrics include minimum
on-time, minimum off-time, and minimum gartup time.
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h) Reliability
The total amount of time the generator is forced out of service and the number of times
per year are important metrics for rdiability.

i) Reactive Power and Voltage Support
The ability to produce reactive power and control the loca power system voltageisa

vauable characterigtic. Thisis measured in terms of the totd reactive capability
(MVAR) or in terms of the power factor that the generator can support at full output.

j) Voltage Quality

Voltage needs to be suitable for interconnection with the public power supply or for
sarving local |oad equipment. Voltage qudlity is the dominant quaity issue when the
generator is operated as a voltage source (impedance of the generator isrelatively low
and | sc rdaively high compared to the power system at the point of common coupling).
It is measured by the output voltage regulation (percent of rated), waveform (percent

V1hp), and frequency (percent of rated).

k) Current Quality
Current needs to be suitable for interconnection with the public power supply or for

serving loca load equipment. Current qudlity is the dominant qudity issue when the
generator is operated as a current source (impedance of the generator isreatively high
and Iscrelatively low compared to the power system at the point of common coupling).
It is measured by the output current regulation (fluctuations per unit time or flicker rate)
and waveform (percent Ithp).

) Comparison of Central Plant and Distributed Generation Attributes
DG and central- gation generation share many of the same attributes, they are both

generation components. Both convert energy from some other form to eectricity and
inject it into the power systlem. There are arange of technologies in both distributed and
central generation that exhibit arange of capabilities and limitations. Some of each are
dispatchable, for example, and some are not. Distributed photovoltaic systems can be
switched on or off but they are not dispatchable in the sense that a centrd fossil plant
can be run up and down to follow load. Central nuclear plants do not follow load either
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and are essentialy not dispatchable. Digtributed diesel generators can be run up and

down to follow load.

The cost comparison is afirgt order issue. Generation plant production cost depend on
many factorsincluding: capital cos, fuel cost, operating cog., efficiency and
cogeneration opportunities. Which cost dominates varies depending primarily on the
technology employed but dominant costs tend to be fuel, capitd and environmenta
mitigation. Marketing cogts are dominated by T& D costs including system operations,
customer service and capital costs. A mgor difference between centra and distributed
generation plants may be production costs compared to marketing costs. Before
deregulation the cost to market centra station power was imbedded in the other rates.
Production costs were generdly low because of large scale and proximity to low-cost
fud sources. Since DG islocated at or near the market with smaller scae and further
from low-cost fuels, marketing costs are expected to be rlatively lower than production
costsfor DG. These cost comparisons should be made now that generation is unbundled
and al cogts should be tracked separately.

The fundamenta difference between digtributed generation and central generetion is

that DG isrdatively digpersed among the loads while centrd generation is relatively
concentrated at specific locations remote from loads. Distributed generators rangein

sze from afew hundred watts for asmal photovoltaic generator to 10 MW for a
combustion turbine. Typicaly distributed generators are afew tens of KW to afew
hundred KW. Centra-tation generators range in size from about 10 MW to 1300 MW.
The size demarcation is only gpproximate. Though most central station generators are
larger than 10 MW some units, especidly some older hydro units, are smaller.

Size isimportant, however. The ISO may not be willing to deal with resourcesthat are
smdler than some minimum sze (10 MW). Using a collection of smadler distributed
generators to provide aresource that is large enough to be useful will require
aggregation. This function could be provided by the owner of multiple distributed
generators, by athird party, by adistribution provider, or by a branch of the ISO itsdf if

it choseto do so.
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Centrd gations are typicaly manned while distributed generators are typicaly
unmanned but thisis not universdly true. Many hydro and combustion turbine

generators are unmanned. DG facilities are often manned.

There are anumber of secondary characteristics that often, though not always,
distinguish digtributed generators from centra stations:

B Obsarvahility and controllability require metering and communications to dlow the
system operator to monitor each generator. Large central stations can afford the
equipment required to facilitate monitoring every few seconds. Thisisagreater

economic burden for distributed generators.

B Thesudden loss of alarge centrd Station is a serious rdiability concern for the
power system. Sinceit is unlikely that numerous ditributed generators will fail
smultaneoudy they do not pose the same rdligbility concern.

B An aggregation of distributed generators will often have a higher ramp rate than an
equivaently Szed central generating station Since response is spread over numerous
units. This can be an advantage in supplying ancillary services.

7.A.17Disaggregate California Generation
Cdifornials 53 GW of generating capacity comes from a diverse mix of nearly 1000 plants.

Asshown in Table 7-9, the basic energy comes from fossil fudls, renewable resources
(including converson of waste to energy), and nuclear power. Plant size, measured by
electric power capacity, spans five orders of magnitude, with the largest being 127,000 times
the size of the smallest. The greatest Sze diversity occurs within the hydrod ectric plants,

with the smallest having only 0.02 MW of capacity and the largest having 1495 MW. The
FPants fired by oil and naturd gas span asmilar range.
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Table 7-9. California has a diver se mix of generating plants.

Fuel Type # Plants Maximum Minimum  Average Total
MW MW MW MW
Coal 16 97 17.0 35 562
Geothermal 45 124 0.70 55 2466
Hydroelectric 388 1495 0.02 36 13892
Nuclear 2 2160 2150 2155 4310
Oil / Natural Gas 341 2083 0.10 87 29529
Solar 14 80 0.13 29 413
Wind 99 110 0.20 17 1724
Waste to Energy 92 55 0.10 10 951
Total 997 2160 0.02 54 53847

Severd of the fud types can be further subdivided. Solar plants, for example, subdivide into
photovoltaic systems that utilize solar cells to generate dectricity directly from the sun and
solar thermal plants that use sunlight to generate steam that turns a turbine to produce
electricity. The photovoltaic plants are smdler than the solar thermd plants, with the former
ranging in size from 0.1 to 2 MW and the latter ranging from 30 to 80 MW.

The sze of the nearly 30 GW of plants fueled by oil and gas (55% of the generating capacity
in Cdiforniaand over 1/3 of the plants) tends to be tied to the generating technology. The
largest plants are steam turbines, combustion turbines, and combined cycle plants. Mid-szed
plants are combustion turbines, combined cycle, and cogeneration facilities, including some
combined-cyde internd - combustion-engine plants. Reciprocating engines dominaein the
amdler sze plants

Hydrod ectric plants can be separated into a number of categories including conventiona
plants, run-of-river plants, and pressure reducing stations. The former tend to be larger while
the latter tend to be smdll.
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The waste-to-energy plants can be subdivided as well into biomass, municipd solid waste
(MSW) digester gas, MSW industrid waste, MSW landfill gas, and other MSW plants. The
sze range within the waste- to-energy plantsis not specificdly tied to the type of plant.
Smilarly, cod plants al use steam to turn turbines but boiler technologies differ. Also, some
are cogeneration facilities while some are not. Size and technology are not tightly linked for
cod plants. Wind plants span arange of sizes, primarily because the number of units within

each plant varies. The two nuclear plants are nearly identical in Sze.

Overdl, aquarter of the plants are smdler than 1 MW, and hdf of the plants are smaller
than 10 MW. However, less than 0.2% of the total system capacity currently comes from
plants smdler than 1 MW, and less than 3% comes from plants smdler than 10 MW, as
shown in Figure 7-16.
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Figure 7-16. Plantslarger than 10 MW dominate Califor nia's gener ating capacity.

7.A.18Ancillary Services within the T&D
FERC defined ancillary services as those * necessary to support the transmission of eectric

power from sdller to purchaser given the obligations of control areas and transmitting
utilities within those control areas to maintain reliable operations of the interconnected
tranamission system.” This statement recognizes the importance of ancillary services for

bulk- power reiability and to support commercia transactions. Though the resources
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necessary to create these services are generators, and may in the future be end-use
consumption, the services themsalves must be deployed and controlled by the same system
operator that controls the transmission system.

Ancillary services are conceptudly well defined. They have existed throughout the history
of the power system. However, the details of obtaining them from markets are till evolving.
Thefollowing is abreakdown of ancillary services asthey are currently defined in
Cdifornia

a) System Control
The requirement to maintain the red-time bal ance between generation and load,

coupled with the inability to independently control flows on individud transmisson

lines, results in the need for a system control function. The system operator deploys and
controls the remaining ancillary services to facilitate the god of mantaning rdigbility
and facilitating commerce.

The operator of the tranamisson system facilitates the real - time baance between
generation and load through the control of various ancillary services. One of these
services (regulation) facilitates this balancing under norma operating conditions. Three
other services (spinning reserve, non-spinning reserve, and replacement reserve)
fadilitate this balancing in the aftermath of system disturbances that lead to abnormd

operating conditions.

The Cdifornial SO has had difficulty settling on a precise specification for the ancillary
sarvices, especidly regulation. Market rules and reporting changed twicein 1999. The
year Sarted with regulation defined as a single commodity with asingle price. All
ancillary services were purchased in the day-ahead market in four zones. Hour-ahead
markets were added to the day-ahead markets in June. “ Upward” regulation was dso
separated from “downward” regulation in June. The price for both regulation services
was the same, but a generator could restrict its offer to movement above or below its
operating point.

Sdf-provison of ancillary servicesis an option that is sometimes exercised by power
producers. Beginning in June of 1999, a scheduling coordinator could provide the 1ISO
with ancillary service resources ingtead of paying the ISO for ancillary services.

7-79



In August, separate prices were established for upward and downward regulation and
the number of zones was increased from four to 23. The “rationa buyer” was aso
indtituted in Augus, alowing the |SO to subgtitute a higher-qudity ancillary service
(like regulation) for alower-qudity ancillary service (like non-spinning resarve) if the

former was available a alower price than the latter.

b) Regulation
The power system operator needs rapid, automatic control over some generation

resources to compensate for norma short-term fluctuationsin the aggregated load and
generation:

“The SO needs sufficient Generating Units immediately responsive to Autometic
Generation Control (AGC) in order to alow the 1SO Control Areato meet the WSCC
and NERC control performance criteria by continuoudy baancing Generation to meet
deviations between actual and scheduled Demand and to maintain interchange
schedules.”®

The power system operator could iminate the need for regulation by inggting thet al
end- use consumption conform precisely (minute-by-minute) to its power purchase
schedule. Alternatively, each end-use consumer could be required to contract with a
generator to precisdy match itsindividud minute-to- minute fluctuations. Thisis both
impractical and wasteful.

It isimpractical because many end-use consumers are incgpable of controlling their
loads so precisdy. The communications and control requirements for compensating
each load' s fluctuations would aso be impractical to implement. Not aggregating is
wadteful because it Sgnificantly increases the total regulation requirement and the cost
to serve the load. The random nature of the end user’ sloads resultsin an aggregated
fluctuation that is typicaly much lower than the sum of the individud fluctuations. For
example, the relative fluctuations of 100 homesindividudly is 10 times higher than 100
homes collectively.

® Californialndependent System Operator Corporation, FERC Electric Tariff, Origina Volume 1, Ancillary
Services Requirements Protocol, Sheet No. 611, Effective September 1, 1998.
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Much less generating capacity needs to be dedicated to compensate for load fluctuations
when |loads are aggregated. Consequently, it is appropriate for the power system
operator to provide this service to the collection of generators and loads. That is not to
say that individuas should not be assessed for their specific individud contributions to
the system’ s regulation requirement, only that the assessment would be less when the
sarvice is provided to an aggregation than when the serviceis provided to loads
individualy.

c) Operating Reserve
The power systern must away's be prepared to survive the unexpected loss of a

generator or atransmission line. To accomplish this, the power system operator is
required to maintain contingency reserves.

“The SO needs, as aminimum, Operating Reserves, conssting of Spinning Reserve
and Non-Spinning Reserve, sufficient to meet WSCC MORC. The Operating Reserve
requirement shdl be equal to (a) 5% of Demand (except the Demand covered by firm
purchases from outside the 1SO Control Area) to be met by Generation from

hydroel ectric resources, plus 7% of the Demand (except the Demand covered by firm
purchases from outside the 1SO Control Ared) to be met by Generation from other
resources, or (b) the single largest Contingency, if thisis greater or (c) by reference to

such more stringent criteria as the 1SO may determine from time to time.”1°

d) Spinning Operating Reserve

At least half the operating reserve must be spinning reserve:

“Each Generating Unit or externd import of a System Resource scheduled to provide
Spinning Resarve must be capable of converting the full capacity reserved to Energy
production within ten minutes after the issue of the Dispatch ingruction by the ISO, and
of maintaining that output or scheduled interchange for at least two hours. . . "

Spinning reserve units are also required to be “responsive to frequency deviations”

10 california Independent System Operator Corporation, FERC Electric Tariff, Original Volumelll, Ancillary
Services Requirements Protocol, Sheet No. 613-614, Effective February 9, 1999.

1 california Independent System Operator Corporation, FERC Electric Tariff, Origina Volume 11, Ancillary
Services Requirements Protocol, Sheet No. 613-614, Effective July 27, 1998.
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e) Non-Spinning Operating Reserve

The definition of non-spinning reserve is Smilar to that of spinning reserve except that

the reserveis not required to be frequency responsive. In addition, non-spinning reserve
does not have to be provided by generation; it can be provided by dispatchable demand,
interruptible exports, certified off-line generation, or externa imports.

f) Replacement Reserve
Operating reserves must be restored so that the system is prepared for a subsequent

unexpected outage. The SO accomplishes this by procuring replacement reserves.
Replacement reserves must be capable of responding within one hour and sustaining
that response for an additiona two hours. They can be generators, loads, or resources

from outsde the | SO’ s control area.

Together, spinning reserve, non-spinning reserve, and replacement reserve provide
resources that begin responding immediately to an unexpected event, are fully deployed
within ten minutes, are capable of responding to a second event within one hour, and
can sugtain the total response for three hours. This coordinated set of resourcesis
designed to provide sufficient time for markets to begin functioning again and return the
system to norma operations. All of these services and regulations are procured through
day-ahead and hour-ahead markets run by the 1SO.

Figure 7-17 provides a summary of deployment times for various ancillary services.
Reserves are deployed only during contingency operations, whereas regulation and

voltage control are required during both norma and contingency operations.
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Figure 7-17. Ancillary services are digtinguished by their deployment times and durations.

g) Voltage Control and Black Start
The 1SO obtains two additiona ancillary services from generators. voltage control and

black start. Because of relatively strict geographic requirements for these two services,
the ISO does not run markets for them. Instead, al generators are required to provide
limited reactive support and voltage control without compensation. Reactive support,
the generation or absorption of reective power (MVAR), is the resource that is used to
control the voltage in the vicinity of the generator. All generators are required to be
capable of following an 1SO-supplied voltage schedule under autometic voltage control
within a power factor of 0.90 lag and 0.95 lead. The 1SO will compensate generators if
it requires them to provide additiond reactive support and voltage control.

The 1SO determines the system’ s black start requirements needed to ensure that the
system can be restored to service expeditioudy if it should ever fail completdly. The
SO entersinto long-term contracts with sdlected black start units. Each black start unit
must be capable of sarting, without externd assstance, within ten minutes. It must be
capable of supplying the reactive power requirements and controlling the voltage of the



energized transmission system. It must be cgpable of operating for aminimum of 12

hours.

7.A.19Technical Attributes of T&D
The following technicd attributes are typicaly used to distinguish or dassfy T&D. They

describe T& D eectricd characterigtics that may impact the functions of T&D in a power
system. None of these attributes depend on ownership. They may affect operationa aspects
of the T& D functions but they do not depend on them. Not included in these attributes are
generic types or named technologies of T&D such as transmission level, sub-trangmisson
level, and sub-gation level. These named technologies are often used to classfy T&D but
are not measures of performance or specific technica attributes.

a) Voltage Level
T&D lines are characterized by the voltage level a which they normally operate.

Standard voltage levels for the U.S. are provided in ANSI C84-1. Valtageisan
important characteristic of T&D. It is possble to move more power through a smdler
right-of-way with lower losses and a lower capitd cost if the voltageis raised.
Unfortunately, higher voltage requires better insulation, which often requires more
gpace. It may not be practica to put sufficient insulation in equipment to accommodate
the highest voltage desired. Large central-ation generators, for example, are rardy
designed to operate above 33 kV, even though they are often coupled to 230-kV or 500-
kV transmission systems. Similarly, residentia |oads operate at 120 or 220 valts,
commercia loads use up to 440 volts, and industria loads use up to 4160 volts.
Transformers are used to interconnect portions of the power system that operate at
different voltage levels.

b) Power Transfer Limits
The amount of power that can be transferred is measured in KW or MW at a certain

power factor, or in KVA and MVA. Thislimit can be the direct limit of the component
or can be a contingency limit based on what loading will be under specific contingency
conditions. Also measured as ampacity, the current limit or therma rating of the line or

other series component, like atransformer, under normal temperature conditions.
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Ampedity limits can vary significantly depending on the outdoor temperature and
clearances that may limit dlowable line sag.

c) Lineloss
The difference between the energy that entersthe T& D system and the energy that is

deivered for end-use consumption. These losses are measured in KWH or MWH. While
the relationship between voltage, current, capitd cost, and lossesis complex, it is
increased current that necessitates larger, heavier conductors. Line losses typicdly rise
with the square of the current. Current depends on network configuration and

generation and load patterns. Extra energy, beyond that which is being consumed by
loads, is heeded from generators to compensate for the red-power lossesincurred by the
T&D system asit moves power from generators to loads.

d) Short-Circuit (SC) kVA at PCC
The SC power givenin MVA or kVA isusudly caculated rather than measured. In

some cases, ardio is useful to evauate the relative size of aload on the T&D. A short-
circuit ratio (SCR) is defined as the short-circuit power divided by the average or
maximum demand power of the load (or distributed generator) being evaduated. This
parameter is aso referred to as “ diffnessratio.” Higher Stiffnessratios are usudly
desirable. For example, adtiffnessratio of greater than 100 may alow a DG to be
connected with fewer interconnection requirements than a system with aratio of 20.
The caculation parameters depend on line length, size, and impedance, particularly of
the last upstream transformer. This caculation will determine the available short-circuit
KVA. Also, any nearby spinning motors or generators can aso contribute to the
caculation.

e) Reactive Power Requirements
Wire type, spacing, and ingtalation configuration determine the basic dectrica

characterigtics of thelines. All pieces of power system equipment exhibit al three
electrica characteristics (resistance, capacitance, and inductance). However, oneis
usudly dominant. For example, long high-voltage transmission lines tend to be
eectricdly capacitive, whereas lower-voltage distribution lines and trandformers are
eectricaly inductive. The dominant characteristic aso changeswith loading. Lines are
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capacitive when they are lightly loaded but inductive when they are heavily loaded.
These dectrica characterigtics can impact stability and voltage regulation. They dso
determine trandent response and interactions with other power system components. For
computation purposes, resstance is measured in ohms per conductor mile, inductive
reactance in ohms per conductor mile, and shunt capacitive reactance in meg-ohms per

conductor mile. These characteristics are usualy given a 60 Hz.

f) Voltage Regulation and Drop
The range of voltage levels a the recaeiving end of the lines for different load current

levels. Both red and reactive power loading affect load current. Voltage regulation is
measured as a percent of nomind voltage and usualy includes arange from dightly
higher than nominal voltage a no load to a saverd percent lower for full load.
Regulation becomes more critica at points of service and isless criticd for bulk

trangmisson.

g) Overload and Short-Circuit Protection
This attribute protects various dements of the T&D by acting on abnorma current

conditions. Circuit breakers, fuses, and reclosers are the common devices used for this
protection. The overload trip is adower, load-bregk action, which is different than a
short-circuit interrupting capability. All protective devices have limits on the leved of
current that they can interrupt, called an interruption rating. Some switches have no

load- break rating and cannot be opened unless the circuit is de-energized or has no load.

h) Lightning Protection and BIL
Lightening arrestors provide a path to ground and stetic wires provide shielding for

phase conductors exposed to lightning. T& D elements have abasic insulation level

(BIL) in kV. When the voltage exceeds this BIL, aflashover can be expected. For
lightning, which seeks the ground, the flashovers are usudly to grounded parts of the
T&D. Lightening arrestor help to hold voltage below the BIL ratings of equipment and
thus prevent damaging flashovers. In some cases, avery high lightning current and high
resstance in the path to ground can cause the higher points of meta towersto reach
voltages that exceed the BIL between the tower and other phases. In this case, backflash
occurs and often causes a power outage or disturbance for end users. For DG connected
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into the T&D, it will be important to make sure that the overvoltage-withstand
cgpability of the generation and related dementsis equa to or abovethe BIL leve of
the T&D. Otherwise, the DG may become aweak point in the withstand capability of
the T& D and will be vulnerable to high voltages being discharged from the T&D
system to the DG, particularly those caused by lightning.

i) Grounding
The T&D system may be effectively referenced to ground, ungrounded, or grounded

through aresstance, capacitance, or inductance. Grounding techniques affect circuit
protection, relay and control design, flow of harmonic or stray currents, and overal
performance of T&D. A key issue in the addition of generatorsto the T&D system is
that the grounding of the generation is compatible with the grounding of the T&D
system. Thiswill be akey check point for adding DG inthe T&D system.

7.A.20Key Operations and Assets in a Restructured EPS
Transmission and distribution provides the interconnection between loads and generators.

Thisinterconnection function coupled with a system control dement maintains the red-time
baance of generation and load under norma and anormal conditions. Control over the
T&D system must be exercised with the objectives of facilitating energy markets and
maintaining reliability. To perform this control, a system operator is gppointed. The operator
maintains an energy baance using red-time information from the T&D system, from
generators, and from loads.

T&D facilities can be owned and maintained by other parties. However, the system operator
must not have acommercid interest in the energy markets. Similarly, maintenance can be
performed by a party with commercid interest, but the maintenance must be scheduled by
the system operator. For example, gpproving of maintenance schedules and issuing permits
for taking equipment out of service need to be controlled by the system operator, whose
objective isto facilitate energy commerce and maintain reliability. If the system operator

had a commercia interest in energy markets, then the operator might exercise that control
authority in favor of its own interest. A system operator with commercid interest might
schedule maintenance at times of high prices, when that action restricted the output of a
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competitor’s generation, and at times of low prices, when it restricted the output of its own
generation.

The higtoric digtinction between transmission and ditribution is less important. That
distinction concerns who has regulatory jurisdiction over individual T&D assets. No matter
who has jurisdiction over each piece, the entire T& D system, from the points where
generators inject power into the network to the points where loads remove it, must be under
the control (not necessarily ownership) of entities that do not have commercid interest in the

energy market and whose objective is to maintain reliability and facilitate that market.

In order to meet reliability-related key policy objectives established for the restructured
electric sarvice indugtry in Cdifornia, the T& D function needs to provide the following key
operations.

B Proper maintenance of exiding infrastructure.

B Red-time monitoring and control of the T&D systems through supervisory control and
data acquisition (SCADA) systems.

B Sysem protection and fault clearing.

B T&D planning and load forecasting .

B Respond to customer trouble calls.

B Restore and repair service during system emergencies.

B Maintain the required rdigbility and qudity of power ddivered to end users.

B Host astandards department to keep up-to-date on relevant standards pertaining to
engineering design, condruction environmental, safety, and any other issue that will be
relevant for the T&D function.

7.A.21Congestion Constraints in a Restructured EPS
Aswith dl generators connected to the power system, the operation of DG hasto be

coordinated with the operation of the rest of the system. The objectives of the system
designers and operators are to ensure reliability and to accommodate commercid activity.
Under many (hopefully most) conditions, the operator of each individua generator will be

free to respond to market conditions at will. However, under some conditions, operations at
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individua generators will have to be curtailed or compelled based upon the condition of the
T&D system and/or the activities of other market participants. The system operator monitors
the T& D system, the generators, and the loads (at least in aggregate) in red time to ensure
reliability. The system operator dso purchases and deploys ancillary services to maintain the
viability of the sysem.

a) Definition of Congestion
Adequacy of aT&D system has two criteria: 1) The system must have enough capacity

to support the baancing of load and generation, even during known and expected
outages. 2) It must have enough capacity so that competitive generation markets can
function. When there is adesire or need to move more power through a portion of the
transmission and distribution system than the system can support, congestion results.

Transmission and distribution and local generation can be so inadequate (congested)
that it is not possible to meet the load requirements in a given location, which would be
ardiability concern. The system load must then be curtailed to prevent a collgpse of the
power system.

More commonly, when T&D and loca generation are sufficient to support the load but
Inadequate to allow complete freedom in generation choice, the generation digpatch
must be congtrained, in an economicaly sub-optima way, to maintain system
reliability. The result isahigher price on one sde of the congtraint and alower price on
the other. In the extreme case, specific generators must run to maintain security. These
“rdiability-mug-run” generators can have substantiad market power. Any resource that
must run for system reiability reasons could charge any price it desired in an open
market, at least until aternative resources were drawn into the market. Market power
aso exisgts when the need for one generator to operate redtricts the ability of another
generator to participate in the market. Consequently, such generators often run at the
System operator’ s discretion and receive aregulated payment. This gpplies whether the
generation is centrd or digtributed. “ Reliability-must-run,” “loca pesking,” and “loca
generdion to offset T&D invesment” or “T&D deferrd” dl refer to loca (or location-
specific) generation that must be run because T&D is not adequate to fully support
reliability and commerce without support from specific generators.
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Fow of power within aT&D system depends on the configuration of the system, as
well as the generation and |oad patterns within the sysem. Thereislittle ability to
control the flow of power within the network other than by removing dements (taking
lines out of service) or by changing the generation injections'? Planners test system
adequacy by modeing performance (line flows and bus voltages) under afull range of
expected load, generation, and contingency conditions. Limits on the acceptable
generation digpatch range are determined for each set of operating conditions. The
planners then make a judgment as to the adequacy of the T& D system.

In a networked system, congestion is not related to the actud flowswithin lines.
Congestion occurs when security-congtrained dispatch requires modification of the
economic digpatch. This modification occurs most frequently as the result of
contingency analysis rather than because of steady-gate line flows. The generation
dispatch is modified because aline will overload if a pecific contingency occurs, such
as when agenerator or line trips. Because there is no time to take corrective action to
prevent cascading fallures, it is necessary to preemptively modify the generation
dispatch. Modification of the dispatch affects access of generatorsto the grid, which can
be an exercise of the access component of market power. It is this off-economic
dispatch that resultsin cost differences from location to location. Lossesinthe T&D
system a'so cause geographic cogt differences but have a much smdler impact and are
easser to ded with than congestion.

The need for enhancement is less clear in the more common case when inadequate T& D
results in congraints on economic dispatch of generators rather than forcing curtailment
of load.®® The complexity is twofold. First, the underlying increased cost of electricity
that will result from congtraining the dispatch is generdly an operating cost whose
magnitude depends on the number of hours ayear the condraint exists and the relative
costs of operating the generators involved. Thisincreased cost can be the cost of paying
for “rdiability-mugt-run” generation or smply the cost of incrementing one generator

and decrementing another. This gpplies whether the generation is centra or distributed.

12 phase-angle regul ators and flexible AC transmission systems (FACTS devices) provide limited, and expensive,
control of flows at afew specific locations.
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At the same time, the T& D enhancement cost is primarily a capitd cost, which must be
recovered over several decades. The operator has two choices: The operator can live
with the cost of re-dispatching generators to avoid congestion or the operator can
enhance the system to increase cgpacity. Which solution is the more economica
depends on anumber of factors, such asfuel costs, the cost of capital, and the expected
locations and magnitudes of |oad growth and generation construction.

Second, because the dispatch aternatives to enhancing the T&D system result in an
increase in the cogt of dectricity rather than curtallment of load, the need for the
enhancement isless clearly tied to reiability. It may be harder to gain public acceptance
for anew transmission or distribution enhancement project under these conditions than

for aproject that is more clearly tied exclusively to rdiability.

Management of congestion through the forced dispatch of existing generation
(relidbility-must-run) becomes necessary where location-specific prices do not exist to

clear supply and demand imbaances across congested T& D interfaces.

b) Description of Transmission Congestion
In the absence of congestion (current or anticipated) and short of operationd rdiability

problems, there isno need to invest in T& D expansion; the exigting system is adequate
to reiably handle dl desired transactions. In theory, such asystem can dlow for a

minimum:cost dispatch of generation (and load reductions).

Figure 7-18, on the other hand, presents an example where the flow from Area A to
Area B can become congested. A conseguence of a congested interface isthat it creates
a bottleneck, which prohibits delivery of otherwise economic energy suppliesto
consumers on the high-cost side of the bottleneck. This means that these consumers pay
more for their power than they would if there were sufficient capacity to carry al
economic transactions. In other words, energy costs genuingly depend upon location,
given T&D condraints.

When theload in Area B reaches alevel where the tranamission lineis fully loaded (800
MW in this example) and no more power can be ddlivered from Area A to meet demand

13 Controlling the pre-contingency (normal conditions) injection of power by generators can ensure that the post-
contingency line flows are within emergency ratings of al lines.
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in Area B, then more expensive generation than would otherwise be required must be
run in Area B. For example, when the transmission lineisfully loaded, some cusiomers
in Area B would be forced to obtain dectricity from the generator G1, which is
$6/MWh more expengive than the dectricity from Area A. These costs will occur
regardless of whether individua customers see them in their bills. Although congestion
IS based upon rdiability requirements—thet is, the transmisson line cannot reliably

carry more than 800 MW—the consequences are economic.

Area A
Ample generation
at $22/MWH

Transmission Interface
capacity limited to 800 MW

Gl
G3 $28/MWH
$40/MWH

Figure 7-18. Congested transmission interface that limits power flowsfrom Area A to Area B.
In any particular circumstance, there are usudly severd dternativesto relieve
congestion. Effective relief methods can include ingtalation and/or operation of large or
amd|l-scde generation for energy production in the areas negatively affected by the
congestion, for voltage support, to enhance stahility, or to force flows on specific lines.
T&D solutions can include congruction of new lines or facilities, upgrading of lines or
facilities, ingtalation of voltage support (capacitors, reactors, tap changers, synchronous
condensers, or static VAR compensators), inddlation of flow-control devices (phase-
angle regulators or FACTs devices), and power system stabilizers at generating stations.
These technologies alow more power to be delivered over aline or to operate the

system more reiably.
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Figure 7-19 shows a situation where one of two parald paths loads to capacity before
the other does, leaving 250 MW of line capacity unavailable to support power transfers.
Accepting the line limit and dlowing the more expensive generation market in Area B

to operate may be the best solution if the congestion isinfrequent, does not last long, or
the price differentia between areas A and B is not great. Alternatively, a FACTs device
or phase-angle regulator could be used to block the flow on the limiting line, dlowing
additiona power to flow on the line with remaining cgpacity. Running a specific unit
(generator G3in this case, located at the delivery end of the congested line) that is out
of economic order may reduce flows on the limiting line sufficiently to alow additiona
energy to be imported over the pardld path. Similarly, controlling demand, either
throughout Area B or specificaly near the termination of the limiting line, can rdieve

congegtion. In dl cases, an investment is required to reduce the cost of servicein Area
B.

Line flow at 80% of capacity,
Qg MW additional capacity available

Area A
Ample generation
at $22/MWH

Congested interface caused by lower
voltage underlying transmission system
reaching capacity and preventing full use
of high voltage lines

Figure 7-19. Alter nativesto relieve congestion on line 1-2 and allow use of additional
capacity on line 3-4.

c) Application of “Congestion” Definition to the Case of Distribution
Fundamentally, congegtion is the same on the transmisson system asit ison the

distribution system. In both cases, congestion results when thereis adesire to move
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more power through an eement of the system than that el ement can accommodate. To
the extent that didtribution systems are often radia while transamisson systems are often
networked, there can be differencesin how congestion is managed.

There are fewer options for degling with congestion on radia systems that do not have
generation available down stream of the congestion point than there are options for
deding with networked systems or radid systems with generation. On radid systems
without generation, ether the system is enhanced or theload is curtailed. Theload can
be curtailed through a market mechanism such as indituting geographic prices or
purchasing reserves from the owner of the load. Alternatively, load curtailment can be
mandated. The former option could conceivably be along-term option, while the latter
ismore likely an emergency response. Networked systems or radia systems with
generaion can employ generation re-dispatch, load curtailment, or system
enhancements to aleviate congestion.

Rather than any didtinction between tranamission and distribution systems themsdlves,
it isthe characterigtics of the radid system versus the characteristics of the networked
system that fundamentally influence the options available to dleviate congestion. For
example, as shown in Figure 7-20, the transformer limits the distribution feeder to 10
MW, but the radid digtribution system has 13 MW of load. (This example shows the
transformer being the limiting dement but it could as easily be the feeder, a bushing, or
any other element.) Therefore, the feeder is congested. The congestion can be relieved

in three ways.
1. Adding 3 MW of transformer capacity. This adds distribution capacity.

2. Reducing the load by 3 MW (either through a market mechanism or by direct
operator contral). This has no effect on distribution capacity.

3. Adding 3 MW of DG downstream of the transformer. This does not add distribution
capacity.

All three of the congestion-rdlief mechaniams are technicaly viable. They each have

different capitd and operating cogs. They each have different reliability consequences

aswdl.
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10 MW
Capacity

T

2 MW 4 AW 3 MW 4 MW

Figure 7-20. Congestion on aradial distribution line with distributed generation.

There are afew differences between many existing distribution feeders and most
transmisson linesthat can limit the amount of DG that can operate & any given time.

The tota amount of DG (percentage penetration) that a feeder can accommodate may be
limited because of the feeder protection scheme or the voltage-control capabilities.

These regtrictions behave like congestion in that the operation of one generator can be
limited based upon the operation of another generator.

Feeder Protection Scheme: The most redtrictive condition for DG dispatch occursif the
feeder protection scheme has limited ability to accommodate DG. Faults (short circuits)
on digribution feeders are typicaly detected by sensing the high fault current flowing
through the transformer to the feeder. DG connected to the feeder complicates this
process. The distributed generator can contribute to the fault current and reduce the
contribution coming through the transformer. If the transformer contribution is reduced
enough, the feeder protection scheme may fail to detect the fault and therefore fail to
take the appropriate action.

One solution isto ensure that the distributed generators' protection schemes are
coordinated with the protection scheme of the feeder, perhaps requiring modifications to
oneor dl. If the protection schemes are not coordinated, it may be necessary to limit the
amount of DG connected to the feeder to alevel where the existing feeder protection
schemeis not degraded. For example, DG capacity might be limited to 20% of the tota
feeder red power capability. In this case, the digpaich interactions among the distributed
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generators on the feeder are much stronger. The character of the limitation is different
aswell. Typica congestion limitations are concerned with the actud red and/or
reactive power output of the distributed generator. An additiona 20 kW of DG output
could be accommodated by backing other distributed generators down or raising the
load by 20 kW, for example. In this case, however, it isthe potentia fault contribution
of the digtributed generators that is important. Fault contribution is not tied to actua
output but is a characterigtic of each generator. Adding another distributed generator
may require disconnecting (turning off) an existing distributed generator, not just
reducing its output.

Voltage Control: The voltage-control scheme used on the feeder can dso limit DG
penetration. If the distributed generators are capable of actively controlling voltage and
supplying or absorbing VARS as needed and if this capability is coordinated among the
distributed generators and the feeder’ s voltage-control scheme, then the distributed
generators improve the voltage control for al customers. If, however, the distributed
generators do not actively control their reactive power output and instead impose
reactive demands on the feeder (uncompensated induction generators, for example),
then DG dispatch can be restricted by the feeder’ s ability to compensate for the reactive
power requirements and control voltage. Digpatching an additiond distributed generator
would require that additiona voltage control be added or that another distributed
generator reduce its consumption of reactive power by reducing its real power output.

The amount of DG that can be placed on aradia line depends on the nature of various
limiting conditions. Table 7-10 shows that the DG in Figure 7-19 can be limited to as
little as 2 MW or as much as 23 MW.
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Table 7-10. Varying amounts of distributed generation can be accommodated depending
on the specific limitation of the feeder.

Limiting Condition Limit Calculation Limit

Transformer (or line) capacity  Total line load + transformer (or 23 MW Output

line) capacity

Power not allowed to flow Total line load 13 MW Output
upstream through the

transformer

Self generation not allowed to Individual load 3 MW Output
export

DG limited to avoid 20% of line capacity 2 MW Capacity

interference with the line
protection scheme

For example, consder an existing 1 MW cogenerating distributed generator located on
the feeder shown in Figure 7-19. Suppose that it is desired to ingtal anew 2 MW must-
run digtributed generator to relieve transformer loading. (The exigting ditributed
generator may not be able to supply transformer relief when needed becauseitisa
cogenerator with operationstied to other processes.) If the DG penetration on the feeder
is limited to 20%, then dispatch of the new must-run distributed generator forces the
exiging digtributed generator off, denying it access. Thisis an exercise of the access

component of market power.

If the limitations on DG penetration due to the exigting feeder protection and voltage-
control schemes can be eliminated, distributed generators would face the same types of
congestion limitations as any other generator on the power system. Congestion would
result only when there was a desire to move more power through a transmission or
digribution eement than the d ement can handle.

d) Impact of Adding T&D versus DG Capacity on DG Dispatch
Transmisson and digtribution facilitate interconnection of generation and load, alowing

loads to access competitive generation markets and generation to access loads. The
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Cdlifornial SO lists six reasons that transmission enhancements may be required.*
These gpply to digribution aswell:

B Tointerconnect generation or load (for example, build aradia line from anew

generator or load to the transmission system).

B To protect or enhance system rdiability (for example, replace older, lessreiable
equipment with newer, more religble equipment).

B Toimprove sysem efficiency (for example, replace high-1oss equipment with

lower-10ss equipment).
B To enhance operating flexibility (for example, add switching capability).

B To reduce or eiminate congestion (for example, add new transmission lines or

increase the capacity of exigting lines).

B To minimize the need for must-run contracts (for example, add transmission lines or

resctive support at locations that depend on a single generator).

It is difficult to separate reliability from commerce in determining the motivetion for a
particular tranamission project. Many red-world enhancements address multiple needs.
An additiond line bridging a congested interface would probably reduce congestion,
increase rdidbility, and improve efficiency. It might also increase operating flexibility
and minimize the need for mugt-run contracts.

Congestion can often be relieved ether through modifying the existing generation
dispaich, enhancing the T& D system, or causing ingtdlation and operation of new loca
generation. Thismay involve solicitation for new loca generation. There are two

primary distinctions between these solutions:

1.  Modifying the generation dispatch involves operating costs that are incurred
whenever congestion occurs, whereas enhancing the T& D system involvesa T&D
capitd codt that is not related to the timing or duration of the congestion. Ingtalling
and operating loca generation involves generator capita investment and operating

14 3. Miller 1998, 130 Grid Coordinated Planning Process, California Independent System Operator, Folsom, CA,
January 23, www.caiso.com, accessed March 23, 2000.

7-98



cogts, including, possibly, payments for must-run generation to serve local pesk
demand.

2. Because T&D isregulated and generation is typicaly market-based, the risks

associated with the three solutions can be very different.

The digtinction between regulated T& D and competitive generation has important
implications for the risks associated with relieving congestion. Investors can earn or
lose money in power markets for reasons that have nothing to do with the wisdom of
their investments. Congder two investors:

B Anindividud sudiesthe dectricity market, notes trendsin load growth and the
congtruction of other generation facilities, and concludes that a new microturbine
could lower coststo customers (itsdlf, other local customers, or both) and make
money if it were located on a congested portion of the T& D system. Heinvests
money, builds the plant, sdls plenty of power, and is doing well. Three years later,
the system operator concludesthat a T& D enhancement would diminate
congestion, further reduce power costs, and generaly benefit the transmission grid.
The new generator goes out of business, and the investor isfinancialy ruined.

B Meanwhile, in another part of the system, another individud studies the eectricity

market and concludesthat a T& D enhancement could lower the cost to customers
and reduce congestion. He takes the idea to the system operator, which concurs and

obtains regulatory approval. He builds and operates the enhancement under contract

to the system operator. Three years later, improved distributed generators are
ingaled throughout the region, and the T& D enhancement is completdy
unnecessary. Because the cost of the enhancement isin the rate base, customers
continue to pay the investor for the enhancement, and the modest regulated income
is protected.

Generation investors have to contend with the risk that newer generation or T&D
investments will render their investments obsolete. The same is generdly not true for
invesments in T& D, which are protected by regulation. Regulators and regiond

trangmisson organizations will have to be careful to ensure that the fear of ending up
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like the generation investor above does not discourage investors from entering the

market for new generation.

Had the T&D investment in the above example been a commercia, competitive
investment rather than a regulated investment, the risk situation would be completely
different. One or more loads in the congested area could decide that investing inaT&D
enhancement would give access to lower cost generation and be a good investment.
Similarly, one or more remote generators could decide that investingina T&D
enhancement would give access to additiona loads and be a good investment. Control
of the enhancement would have to be given to the system operator, but the investors
could retain rights to income derived from the enhancement (through transmission
congestion contracts or other mechanisms). In this Stuation, the T& D investors bear the
risk that the investment will be worthwhile. If it is not, they receive no benefit from
reduced power prices or increased sales.

e) Technical Feasibility of DG Providing Ancillary Services

Providing regulation, spinning reserves, non-spinning reserves, and replacement
reserves fundamentally involves control of rea power injections or withdrawals from
the power system to help maintain the redl-time balance between aggregated generation
and load while respecting T& D condraints. If appropriate communications and controls
can be provided, distributed generators should be excellent resources for providing
ancillary services. It may be necessary to reexamine the NERC, WSCC, and CAISO
requirements for supply of these services to ensure that the requirements are
technology-neutral and results-oriented.

Digpatchable digtributed generators (micro-turbine and engine-driven generators, for
example) tend to respond rapidly. Aggregated together, their combined ramp rates can
be high. Their smdl sze and independence makes them desirable from a rdiability
point of view. If common-mode failures can be avoided (communications links,
common fuel supply, and so on), the response from afleet of digtributed generators will
likely be much more predictable than the response from alarge centrd generator that
will, on occasion, completely fail to respond. Clearly, aggregation, communications,

and control must be examined carefully.
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Digributed generators will likely want to sell some or al of the market-based ancillary
sarvices, While the average price for the services may not be aitractive, the hourly
prices in the afternoon and evening may be. Providing distributed generators (and loads)
access to these markets helps them by giving them another source of income, helps the
overdl power system by increasing the supply of rdiability services, and helps dll
customers by reducing the cost of reliability through increased market participation on
the supply side.

Mog digtributed generators will likdly not participate in slling voltage control and
reactive support for the bulk power system. Unlike regulation and the three reserve
sarvices, voltage contral is very location-specific. Furthermore, support hasto be
provided at the transmisson or sub-transmission voltage leve. Findly, the quantities of
reactive power required at each location are typically more than a distributed generator
can provide. Those distributed generators that are appropriately located, connected at
transmission or sub-transmission voltage, and have sufficient reactive power capability
should be dlowed to compete for contracts with the system operator to supply this

savice, however.

Distributed generators that cannot supply voltage control (support) to the bulk power
system often will be able to supply reactive power that helps control (support) the
voltage on the digtribution system. This can have red vdue by improving the qudity of
power supplied to other local customers. It can dso lower the capital and operating cost
of the digtribution system by reducing or diminating the need for other voltage control
equipment like switched capacitors or |oad-tap-changing transformers.

Black start presents asimilar differentiation. Distributed generators that can provide
black start capability to the bulk power system should be allowed to do so0. Most
digtributed generators, however, will not have sufficient red or reactive power
cagpabiility to be useful in restoring the bulk power system. They may be very useful in
sdling emergency power to other loca customers, however. This service could be
independent of the digtribution system if the distributed generator is co-located with a
particular load to which it is supplying emergency power. The gpprova and cooperation
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of the distribution system operator is required for the distributed generator to provide
this service to other loca loads.

Non-generation resources can supply many of the ancillary services as well.
Controllable load is likely the largest untapped ancillary resource currently available.
Though it is unlikdly that controllable load will provide regulation (it may be able to
reduce its own regulation consumption), it is an ided source of spinning reserve, non-
spinning reserve, and replacement reserve. Aswith DG, it isimportant to make sure
ancillary service specifications are technol ogy- neutrd and results-oriented. For
example, load is generdly excluded from providing spinning reserve based on a sarvice
definition that required the resource to be a“ spinning” generator. This specification
could instead require a specific red-power response within a specified amount of time.
It could also require that the resource provide specific responses to changes in system
frequency (amount of real power within a defined amount of time for a specific
frequency deviation) rather than smply requiring that the generator have an operating

governor.

Voltage control and reactive power provison is a service that can come from T&D
resources as well as from generation. Capacitors and reactors (inductors) provide fixed
amounts of reactive power. They can be switched to provide some control. Non-
generation resources such as synchronous condensers and static VAR compensators can

provide dynamic response.

7.A.22Ancillary Services in a Restructured EPS
Ancillary service markets were redefined severa timesin 1999 making drict comparisons

and summaries difficult. Still, the system required, the 1SO purchased, and resources
delivered four ancillary services through markets every hour of the year: regulation,
Spinning reserve, non-spinning reserve, and replacement reserve. Table 7-11 presents 1999

annua average required quantities and market prices for these four services.
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Table 7-11. 1999 Average ancillary service quantities and prices.

Ancillary Service MW $/MW-Hr
Regulation 1637 $19.96
Spinning Reserve 766 $6.89
Non-spinning reserve 676 $4.25
Replacement reserve 281 $7.64

If average prices and quantities were representative, there would be no need to run hourly
markets for ancillary services or energy. Because prices and required quantities fluctuate
dramaticaly, hourly markets are required. The average hourly weekday variaion in

ancillary service requirements for September 1999 is shown in Figure 7-21, while the hourly
prices are shown in Figure 7-22.
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Figure 7-21. Average hourly ancillary service quantitiesfor September 1999 weekdays.
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Figure 7-22. Average hourly ancillary pricesfor September 1999 weekdays.

Didtributed generators will likely want to sell some or al of these market based ancillary
sarvices. While the average price for the reserve services (for example) may not be attractive
the hourly pricesin the afternoon and evening may be. Providing distributed generators (and
loads) access to these markets helps them by giving them another source of income, helps
the overal power system by increasing the supply of reliability services, and helps dll
customers by reducing the cogt of rdiability through increased market participation on the
supply sde.
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Glossary

1998 Assembly Bill No. 1755. A Cdifornia state bill that updated the State Public Utility Code,
which dlows “net metering” for wind and solar dectric systemsrated at 10 kW or less.

Adequacy. Adeguacy refersto the ability of the transmission and distribution system to handle
the load and generation, even during known and expected outages. The transmission and
digtribution system must have enough capacity so that competitive generation markets can
function.

Ampacity. The current-carrying capacity of a conductor measured in amperes.

Ancillary Energy Service. A servicethat is necessary to support the transmission of reliable
electric power from sdller to purchaser. These services include regulation, which  balances
generaion and load demand under norma operating conditions. Other servicesinclude spinning
reserve, non-spinning reserve, and replacement reserve, which facilitate this balancing in the
aftermath of system disturbances that lead to abnorma operating conditions.

Auxiliary Energy Loss. The portion of the generated energy that is used in the generation
processis caled auxiliary energy losses or plant losses. These losses can be calculated by
subtracting the net plant output from the gross energy generetion.

Available Energy

Average Service Availability Index (ASAI). The average service availability index represents
the fraction of time (often in percentage) that a customer has power provided during one year or
the defined reporting period.

Black Start. Anancillary service provided by generators. The independent system operator
determines the system’s black start requirements needed to ensure that the system can be restored
to service expeditioudy if it should ever fal completely. Each black start unit must be cgpable of
darting, without external assstance, within ten minutes. It must dso be capable of supplying the
reactive power requirements, controlling the voltage of the energized transmission system, and
operating for aminimum of 12 hours.

Bulk Power. Aninterconnected system for the movement or transfer of eectric energy in bulk
on trangmission levels

Central-Station Generator. Large electric generators used in centraly located power
generation plants. Centra- gation generators usudly range from 10 MW to 1300 MW.

Combustion Turbine. A new, digtributed-generation technology, combustion turbines are sized
in the 10-to- 100- megawatt range and they have transformed from expensive peaking unitsto
base-10ad- capable generators with efficiencies above 55 percent when operated as combined-
cycle plants.

Congestion. Congestion occurs when there is adesire or need to move more power through a
portion of the transmission and distribution system than the system can support.
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Control Area. The area of the éectric grid controlled by the independent system operator.

Current Digtortion. Current distortion occurs when there is a nonlinear relationship between
input and output frequency, there is nonuniform transmission a different frequencies, or thereis
a phase shift not proportiond to frequency.

Current Quality. The quality of current— measured by the output current regulation and
waveshape—required for interconnection with the public power supply or for serving loca load
equipment.

Customer Average Interruption Duration Index (CAIDI). CAIDI represents the average
time required to restore service to the average customer per sustained interruption.

Deregulation. On October 24th, 1992, Congress passed Public Law 102-486, the Energy Policy
Act (EPACct), which deregulates the dectric utility industry to promote competition among
suppliers of energy products and services.

DG. (See Didributed Generation).
Digpatch. The transmission of eectric power to cusomers.

Digpatchability. Digpatchability isthe ability to switch between the non-operating and the
operating states (and visa-versa) upon command. Measurement factors include minimum on-
time, minimum off-time and minimum gartup time.

Distributed Generation. Today, most dectricity is generated from large, centraized eectric
generators ranging in size from 10 MW to 1300 MW. However, in the distributed generation
mode, eectricity is produced from numerous small generators—usudly afew tensof KW to a
few hundred KW— located very near the loads themsalves. Didtributed generation can supply
part of the local load, reducing the loading on the transmission and didtribution system. This can
reduce congestion or diminate the need for T& D enhancements. Digtributed generation can dso
supply energy and/or ancillary services back to the power system via the independent system
operator.

Distributed Resour ces. (See Distributed Generation).
Digtribution Station. (See Substation).

Duty Cycle. Most end-use consumption is not in operation dl the time or goes through different
loading cycles. The variation in load demand during a complete cycle of operation is known as

duty cycle.

Economic Dispatch. The didribution of tota generation requirements among dterndive
sources for optimum system economy with due consderation of both incremental generating
cogts and incrementa transmission losses.

Efficiency. Efficiency istheratio of the eectric energy generated to the primary energy
supplied. The primary losses usudly occur in the thermd cycle for conversion from hegt to
mechanica energy. Additiona losses occur in the eectric generator for conversion from
mechanicd to eectric energy.
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Energy Capacity. Energy capacity isthe ability to deliver power over alength of time. This
characterigtic is measured in MWH or KWH. The rétio of the energy capability (over ayesar, for
example) to power capacity is the capacity factor.

Energy Consumption. Energy consumption is the amount of energy consumed over the billing
period. Thisis measured in MWH or KWH.

Flicker. Hicker, which ismost noticegblein lighting systems and computer monitors, results
directly from the interaction of transmission and disiribution with time varying loads. Arc
furnaces, welders, and motor starting have been primary causes of flicker in the T& D system.
Usudly flicker is measured using the GE flicker curve, which defines the objectionable range of
irritation based on the frequency and magnitude of voltage variation.

Fuel Cdl. A fud cdl isadevice that generates eectric power from areverse-dectrolyss
process where hydrogen gas is reformed to produce electricity and water.

Harmonic Distortion. Harmonic digtortion is distortion in current or voltage waveshapes
caused by switching in non-linear loads.

Impedance. The eectrica nature of the load device may be primarily resistive, capacitive or
inductive. These characteristics can be directly measured in ohms at 60 Hz, or in frequency-
independent Ohms, Farads and Henries. Electronic equipment has the specia characteritic of a
non-linear or varying impedance. Practices for measuring the impedance of non-linear eectronic
equipment have not been established except with respect to harmonic distortion measures.

Induction Generator. A generator that will generate AC current into the eectric system aslong
as the mechanica speed of the turbine exceeds the synchronous frequency of the induction
machine and eectric system.

Inrush Current. Inrush current, or starter current, usualy results from the start up of induction
motors, requiring from 3 to 8 times the norma current. Inrush is measured as amultiplier or
percent of full rated current.

Interruption. Theloss of service to one or more customers. Note: It is the result of one or more
component outages, depending on system configuration. See outage.

Interruption, duration. The period (measured in seconds, or minutes, or hours, or days) from
theinitistion of an interruption to a customer or other facility until service has been restored to
that customer or facility. An interruption may require step-restoration tracking to provide reliable
index caculation. It may be desirable to record the duration of each interruption.

Interruption, forced. Aninterruption that results from conditions directly associated with a
component requiring that it be taken out of service immediately, either automatically or as soon
as switching operations can be performed, or an interruption caused by improper operation of
equipment or human error. Note: This definition derives from transmisson and distribution
gpplications and does not necessarily apply to generation interruptions.

Interruption, momentary. Single operation of an interrupting device, which resultsin a voltage
zero. For example, two breaker or recloser operations equas two momentary interruptions.

Interruption, momentary event. An interruption of duration limited to the period required to
restore service by an interrupting device. Note: Such switching operations must be completed in
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aspecified time not to exceed 5 minutes. This definition includes al reclosing operations, which
occur within five minutes of the firgt interruption. For example, if arecloser or breaker operates
two, three, or four times and then holds, the event shall be considered one momentary
interruption event.

Interruption, scheduled (electric power systems). A loss of eectric power that results when a
component is ddliberately taken out of service at a selected time, usudly for the purposes of
congruction, preventative maintenance, or repair. Notes. (1) This derives from transmission and
distribution applications and does not apply to generation interruptions. (2) The key test to
determine if an interruption should be classified as aforced or scheduled interruption is as

follows. If it is possible to defer the interruption when such deferment is desirable, the

interruption is a scheduled interruption; otherwise, the interruption is aforced interruption.
Deferring an interruption may be desirable, for example, to prevent overload of facilities or
interruption of service to customers.

Interruption, sustained. Any interruption not classfied as amomentary event. Any
interruption longer than 5 minutes.

Laterals. Laterdsare short line ssgments that branch off the primary feeder and make the fina
primary voltage connection from the subgtation to the customer.

Line-Commutated Inverter. Line-commutated inverters use a bridge configuration to invert
DC power. These devices rely on the power system voltage to force output current through zero
and to turn off the switch, hence the term “line-commutated.”

L oad Diversity. (SeeDuty Cycle).

Loop System. A digtribution loop system provides two paths between the power sources
(substation and service transformers) and every customer. Equipment is sized and each loop is
designed so that service can be maintained regardless of where an open point might be on the
loop.

Network System. A system whereby there is more than one dectrica path between any two
pointsin the system. Networks are laid out like this for reasons of reliability and optimum power
flon—if any one eement of the network falls, thereis an dternative path, and power is not
interrupted.

Peak Demand. Peak demand, measured in MW or KW, is the maximum 15 or 30 minute
energy consumption timeframe. It is often measured & the time when the power system sets its

peak demand (coincident peak).

Photovoltaics. A sysem that converts sunlight directly into eectric energy and processesit into
aform suitable for use by the intended load. The system will include an array subsystem and
may aso include the following mgor subsystems. power conditioning, storage, thermd, and
system monitor and control. A photovoltaic (PV) system-utility interface may aso be included.

Plant Loss. (See Auxiliary Energy Loss).
PIt. Thevaue used to measure long-term flicker.

Power Capacity. The ability to deliver red power to the power system. Power capacity is
measured in MW or KW.
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Power Factor. Power factor isthe ratio of the real power consumed to the gpparent power. This
isameasure of the reactive power requirement of the load.

Power System Stabilizers. An eement or group of elements that provide an additiond input to
the regulator to improve power system performance. Note: A number of different quantities may
be used as input to the power system stabilizer, such as shaft speed, frequency, synchronous
machine eectrica power, etc.

Primary Feeder. Any part of the digtribution-leve voltage lines—three-phase, two-phase, or
sngle-phase—that is switch-capable is consdered part of the primary feeder.

Pst. The vaue used to measure short-term flicker.

Public Utilities Regulatory Policy Act of 1978 (PURPA). PURPA enabled independent
generatorsto sdl eectricity to regulated utilities.

PURPA. (See Public Utilities Regulatory Policy Act of 1978).
PV System. (See Photovoltaics).

Radial System. Theradid system uses only one path between each customer and the substation.
Regulators and capacitors can be sized, located, and set using relatively smple procedures
because the direction of power flow is known.

Ramp Rate. The ability to change power output, measured in MW/min. Thisis dso often taken
as ameasure of controllability because currently thereis no good controllability metric.

Rational Buyer. The*“raiona buyer” was ingtituted in August of 1999, dlowing the
independent system operator to subgtitute a higher-quaity ancillary service (like regulation) for a
lower quaity ancillary service (like non-spinning reserve) if the subgtitution was cogt effective,

Reactive Power. Reactive power isthetotd reactive capability (MVAR) that a generator can
support at full output.

Recloser. The autometic closing of acdircuit-interrupting device following autométic tripping.
Reclosing may be programmed for any combination of instantaneous, time-ddlay, sngle-shot,
multiple-shot, synchronism-check, dead-line-live-bus, or dead-bus-live-line operation.

Regional Transmission Organization (RTO). FERC's Order 2000, issued in December of
1999, dedt with RTO, reaffirming FERC's commitment to restructuring the electric utility
industry throughout the U.S.

Reliability. A measure of the availability of power to the consumers. The principle determinants
of reliability of a power system are factors that relate to frequency and duration of service
interruptions.

Reliability Index Survey. Two recent surveys on distribution reliability were conducted to
determine index usage. In 1990, 100 US utilities were surveyed, 49 of which responded. In 1995,
209 utilities were surveyed, 64 of which responded.

Renewable Energy Resources. Cdifornia continues to promote new generation from
renewable energy resources. The 1998 Assembly Bill No 1755 updated the State Public Utility
Code that dlows “net metering” for wind and solar electric systemsrated at 10 KW or less. The
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CEC iscurrently in the process of developing a screening process to identify distributed
generators that require minima review and studies by utility distribution companies and minima
additiona interconnection reguirements.

Replacement Reserve. Usudly generators, loads, or resources from outside the independent
System operator’ s area, replacement reserves must be used so the dectrica system is prepared
for a subsequent unexpected outage. Replacement reserves must be cgpable of responding within
one hour and sustaining that response for an additiond two hours.

RTO. (SeeRegiond Transmisson Organizetion).
SCR. (See Short-Circuit Ratio).

Sectionalizer. Automatic sectionalizers work by detecting the presence of afault current
downstream of their location. When such current is detected, they wait for acircuit breaker
upstream of their location to de-energize the line. Once this occurs, the sectiondizer contacts
open. When the upstream breaker recloses, the faulted section of line will have been removed
from the circuit.

Self-Commutated Inverter. A sdf-commutated inverter is aleto invert DC current by
commutating switches on and off in order to reverse current in both directions. With or/off
switching control, a salf-commutating inverter can control frequency. Many sdf-commutated
designs are also able to regulate and shape the output current using switching techniques such as
pulse-width-modulation. In this regard, the self-commutated inverters act like a synchronous
generator and are able to supply red and reactive power, suitable for powering isolated or
interconnected loads.

Self-Provison. Sdf-provison of ancillary servicesis an option that is sometimes exercised by
power producers. Beginning in June, 1999, a scheduling coordinator can provide the independent
system operator with ancillary service resourcesinstead of paying the 1SO for ancillary services.
This same option may be gpplicable at the didtribution levdl.

Short-Circuit Ratio (SCR). An SCR isthe short circuit power divided by the average or
maximum demand power of the load (or distributed generator) being evaluated. This parameter
isaso referred to as “iffnessratio.” A diffnessratio of greater than 100 may alow a DG to be
connected with fewer interconnection requirements than a system with aratio of 20.

Solar Electric Systems. (See Photovoltaics)

Spinning Reserve. The reserve energy available from the energy provider. Spinning reserve
must be frequency responsive, and provided by generation.

State Public Utility Code. (See 1998 Assembly Bill No. 1755).
Stiffness Ratio. (See Short-Circuit Retio)
Subgtation. A transforming station where the tranamission is linked to the digtribution system.
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Sub-Transmission. The sub-transmisson linesin a system take power from the transmission
switching stations or generation plants and ddliver it to subgtations aong their routes. A typical
sub-transmission line may feed power to three or more subgtations.

Synchronous Generator. The generator used in nearly dl eectric generdting plants. Ina
synchronous generator, an el ectromagnet or a permanent magnet on the rotor produces the
magnetic field. As a consequence, the frequency of the AC dectric power produced (60-Hz, for
example) is exactly related to the rotationa speed and number of poles of the generator rotor
(1800 RPM, for example). Smilarly, the magnitude of the voltage produced (and the reective
power ddlivered to the power system or consumed by the generator) is directly related to the
grength of the magnetic field in the rotor. A wound-rotor synchronous generator with rotor field
current control can regulate its own output voltage as well asthe ratio of red to reactive power

System Average I nterruption Duration Index (SAIDI). Thisindex iscommonly referred to as
Customer Minutes of Interruption or Customer Hours, and is designed to provide information
about the average time that customers are interrupted.

System Control. The requirement to maintain the red-time ba ance between generation and
load, coupled with the inability to independently control flows on individua transmisson and
digtribution lines, results in the need for a system control function.

T&D. (See Transmisson and Digtribution).

Tap-Changing Mechanism. A sdector switch device used to change transformer taps with the
transformer de-energized.

THD. (SeeTotd Harmonic Digtortion).

Total Harmonic Distortion. Nonlinear distortion of a system or transducer characterized by the
gppearance in the output of harmonics other than the fundamental component when the input
waveissnusoidd.

Transmission System. The tranamisson system is anetwork of three-phase lines operating at
voltages generaly between 115 kV and 765 kV. Capacity of each line is between 50 MVA and
2,000 MVA.

Transmission and Distribution. The system that carries electric power to customers. It must be
dispersed throughout the utility service territory in rough proportions to customer locations and
demand. The system must reach every end user with an dectricad path of sufficient capacity to
satisy that end user’s demand for eectrical power.

Voltage Distortion. Voltage distortion occurs when thereis anonlinear relationship between
input and output frequency, there is nonuniform transmission & different frequencies, or thereis
a phase shift not proportiona to frequency.

Voltage Level. Transmisson and digribution lines are characterized by the voltage leve at
which they normaly operate. Voltage is an important characteristic of T&D. It is possibleto
move more power through asmaller right-of-way with lower losses and at lower capitd cost if
the voltage israised.
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Voltage Quality. Voltage quality needsto be suitable for interconnection with the public power
supply or for serving local load equipment. When the generator is operated as a voltage source,
voltage quality is measured by the output voltage regulation, waveshape, and frequency.

Voltage Support. The ability to produce reactive power and control the local power system
voltage is a vauable characterigtic. Thisis messured in terms of the total reactive capability
(MVAR) or in terms of the power factor that the generator can support at full outpuit.

Waveform Distortion. (See Harmonic Digtortion).
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Appendix 7.A Distributed Generation versus Load

Electric power isthe origind plug-and-play industry: The eectric power customer has
traditionally been responsible for ensuring that appliances connected to the power system are
suitable and safe. This is unlike the telephone company, which for decades controlled (and
generaly supplied) dl devices the customer was permitted to connect to the phone system. The
devices themselves (gppliances, lamps, and so on) require Underwriters Laboratories (UL) or
other certification, which isthe responghility of their manufecturers. But it isthe energy user’s
responghility to ensure that overal facility wiring—and specificaly wiring for mgjor loads—
meets applicable codes. Loca government ingpectors verify thet the energy user is meseting this
responsibility. Today, for both the phone and the eectric company, the utility’ s respongbility
ends at the interface between user and utility. Thus, it isingructive to examine the
interconnection requirements for loads to see what can be learned about small-scale DG.

Separate standards apply for utilities and energy users. Standards for safe operation and
maintenance of equipment in buildings are established by states and are generaly based on the
Nationd Electric Code. Standards for safe operation and maintenance on the utility system are
established by the utility and are generdly based on IEEE and NERC standards. Each party is
generdly exempt from following the standards that gpply to the other party. It isnot surprisng
that confuson results when the utility imposes requirements in an environment thet it is normaly
excluded from.

When an energy user wants to connect aload to the power system, utilities do not impose
onerous information, process, or technica interconnection requirements. They do not demand the
right to test every load before it is placed on the system. Generdly little more than the expected
total peak load is discussed when the customer’ s building first connects to the power system.
Only when the load becomes quite large do utility engineers show any interest in specifics.
Redtrictions on the harmonics aload can inject into the power system or the minimum acceptable
power factor are Sated requirements that the customer lives with.

Similarly, the utility agrees to provide the customer with power within a specific voltage and
frequency range. To agreater or lesser extent, the supplied power must meet limitations on
trandents, harmonics, dropouts, and flicker. These limitations are specified in contracts,
standards, or regulations.
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Q.1
Al

Q.2
A2

Q.3
A3

QUALIFICATIONSAND PREPARED TESTIMONY
OF
ThomasKey

Please state your name and business address.
My nameis Thomas Key. My business address is 10521 Research Drive, Knoxville, Tennessee,
37932.

By whom are you employed and in what capacity?
| am employed by the EPRI-PEAC Corporation, as VP of Technology.

Briefly describe your pertinent educationa and professiond experience.

| am a graduate Electrical Engineer with a Master’' s degree specidizing in the area of Electric
Power Systems. | have worked in thefield of engineering for 30 years, including 10 yearsin the
US Navy Civil Engineer Corps, 10 years at the Sandia National Laboratory and 10 years where |
am currently employed, at EPRI PEAC. EPRI PEAC isawholly-own subsidiary of EPRI (a
research arm of the dectric utility industry). My experience pertinent to thistestimony is
primarily in the area of dectricad compdtibility issues, functions and interactions between
components of the electric power system. Specific experience has been in power system
component research and testing, at Sandia to interconnect solar eectric generators, and at PEAC
to creste a compatible interface of end use loads, with the eectric power supply system.

| have more than 20 years contributing to |EEE standards for compatible interface of end-use
equipment and distributed power systems. | have managed many R&D projects, including the
design and testing of photovoltaic eectricad power system, development of grid-connected power
inverters for conditioning and control of distributed power sources, creation of recommended
practices for the design of photovoltaic power system dectrica wiring and protection,
development of criteriafor a utility grid-compatible interface, characterization of high-
performance dc/ac inverters, monitoring of power and effects of power disturbancesin sengitive
electronic equipment, and development of design criteria and recommended practices for cogt-

effective application of power-enhancement equipment. At EPRI-PEAC | conceived and
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Q.4
A4

Q5
A5

Q.6
A6

designed the power laboratory and developed criteria to address the compatibility of new
electronics technologies. | have published more than 50 professiond papers, monographs, and
technicd articles. Thiswork has been recognized recently by the John Mungenast Internationd
Power Qudity Award for distinguished power quaity research. | aso received the 1996
Outstanding Engineer Award, Region 3, the Indtitute of Electrica and Electronics Engineers.

What is the purpose of your testimony?

The purpose of my testimony isto provide atechnical evauation of operationd and
ownership question related to distributed generation in Cdifornia, In my testimony |
describe fundamentals regarding the technica structure and functions of eectric power
system components and to provide andysis of how functiona unbundling and distributed
generation will address policy objects established for the eectric services industry in
Cdifornia by the State Legidature.

What is the scope of your responghbility in this proceeding?
| am responsible for the analyses and recommendations in Chapter 7, SectionsB and C,

Background and Fundamentals of the Electric Power System.

Doesthat conclude your testimony?

Yes a thistime
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Q.1
Al

Q.2
A2

Q.3
A3

QUALIFICATIONSAND PREPARED TESTIMONY
OF
Brendan Kirby

Please state your name and business address.
My nameis Brendan J. Kirby. My business addressis 2307 Laurd Lake Rd, Knoxville,
TN. 37932

By whom are you employed and in what capacity?

| am a private consultant. | am also employed by the Oak Ridge Nationa Laboratory,
operated by UT-Baitedlle, as the Director of the Power Systems Research Program. My
testimony here is given as a private consultant with EPRI PEAC Corporation and does
not represent my employment with Oak Ridge Nationa Laboratory or my employer.

Briefly describe your pertinent educational and professiond experience.

| graduated from Lehigh University, Bethlehem Pennsylvania with the degree of

Bachelor of Sciencein Electrical Engineering in 1975 and from Carnegie-Mdlon
University, Pittsburgh Pennsylvaniawith the degree of Masters of Science in Electrica
Engineering, Power Option in 1977. | started my professona career with Long Idand
Lighting Company in 1975 and moved to the Department Of Energy's facilitiesin Oak
Ridge Tennessee in 1977, employed by the operating contractor working on various
power system issues. Since 1994 | have been with the Oak Ridge National Laboratory
portion of those facilities, at first as a Senior Researcher and now as the Director of the
Power System Research Program. My research activities include eectric industry
restructuring, unbundling of ancillary services, distributed resources, demand side
response, energy storage, renewable resources, and advanced analysis techniques. | am
aso amember of the NERC Interconnected Operations Services Working Group, |EEE
SCC 21 Disgtributed Generation Interconnection Standard working group, served as staff
to the Department of Energy’s Task Force on Electric System Rdiahility. | have authored
or co-authored 47 published reports, articles, and technica papers on dectric industry
restructuring, ancillary services, demand side market response, reliability, and storage.
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A4

Q5
A5

Q.6
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My private consulting practice includes utilities, power marketers, EPRI, EEI, regulators,
and others on dectric utility restructuring and other issues. | have testified as an expert
witnessin FERC litigation. | am alicensed Professond Engineer registered in the state

of Tennessee.

What is the purpose of your testimony?

The purpose of my testimony is to present my analysis of the technica issues pertaining
to distributed generation and the digtribution system in which it isto be Stuated and
recommendations regarding the functiona unbundling of distribution services needed to
accommodate distributed generation.

What is the scope of your respongbility in this proceeding?

| am responsible for my analyses and recommendations in Chapter xx, Technicdl
Evduation of Operationd and Ownership Issues of Didributed Generation in Cdifornia,
Section A, Summary and Key Findings, Section D, Andysis of Digtributed Generation
Impacts.

Does that conclude your testimony?
Yes a thistime.
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