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1. INTRODUCTION

The electric power industry is currently going through an amazing transformation. For

most of its history the electric power industry has relied on ever-larger and more efficient
central generating stations. Now, commercial restructuring is sweeping the U.S. electricity
industry. Indications are that distributed micro-energy sources may be more prevalent in the
future. Threeindependent forces are driving the trend to small generators:

#

The electric power industry is being restructured and will become one in which
competitive generation suppliers compete for customers, replacing the traditional
structure of vertically integrated regulated monopolies with franchise service
territories and captive customers.

Natural gasisthe fuel of choice for new generation. Twenty years ago, it wasillega
to burn gasto produceelectricity. Now gasisplentiful, competitively priced, and much
cleaner than other fossil fuels.

Technologica advances promiseto make small-scale generation cost-competitive with
large power plants. Efficiency improvements for combustion turbines in the 10- to
100-MW range have transformed them from expensive peaking units to base-load
generatorswith efficiencies above 55 percent when operated as combined cycle plants.
More recently, microturbines in the tens-of-kilowatts range are coming to market.
Their manufacturers claim that costs will soon be competitive with delivered retail
power prices. Internal combustion engines are significantly improved. In the longer
term, fuel cells, photovoltaics, wind, and Stirling engines are getting closer to
commercial viability. Distributed generation also makes cogeneration possible on a
muchwider scale, and cogeneration improvesthe economics of distributed generation
and may accelerate deployment.

Combined, these three forces will accelerate the use of distributed generation

technologies. 1n addition, opening markets to competition encourages energy producersand
usersto seek alternativesto the incumbent utility, including self-generation, storage and load
control. Competitive marketsal so favor technol ogiesthat have low capital costs, are quick to



build, and quick to deploy, and modular, so that they can respond rapidly to changing market
conditions. Mg or new generation projectsthat take adecade or moreto plan, site, design, and
build (those based on coal or uranium, for example) are essentially impossibleto finance and
build under today's market conditions, whereas abundant gas |eads gas suppliers to seek new
markets for their product.

The environmental community has been active in the distributed generation field for
decades, primarily because many renewable resources are inherently distributed. The
aggregated size of the deployed resource has been relatively small, however. Consequently
the power industry has been slow to adopt standards, rules and tariffs that fully integrate
distributed generation into the overall system, utilize the capabilitiesof distributed generation
to enhance bulk-power reliability, or compensate distributed generatorsfor their contributions
toreliability. Restructuring of theindustry coupled with the expectation that gas-fired micro-
sources are on the verge of acommercial explosion istheimpetus behind the recent increase
in standards activities that are finally recognizing distributed generation.

Thispaper examinesthereliability impacts distributed resources (DR) can have onthe
bulk-power systems and the resultant commercial implications. Because the industry isin
transition, and the processisalong one, few details can be offered concerning specifictariffs,
final interconnection standards, or other regulatory requirements. Politics will continue to
play an important role in making these final determinations. The underlying physics of the
interconnected power system, on the other hand, ismuch more constant. This paper discusses
the fundamental reliability requirements of the bulk-power system and the interaction with
distributed generation.

Distributedresourcesincludedistributed generation, energy storage, and agileload” that
responds to power system price or control signals. Thereis no established definition of the
maximum size for DR. A common definition includes generating units of 10 MW and less
although some include customer-owned generation up to about 100 MW. Electricity is
difficult to store directly, so storage is generally in another form as discussed in Exhibit 1.
Distributed resources can be owned by a customer (load), a utility, or an independent power
producer. Resources (generatorsor storage) can belocated at acustomer’ sfacility, at autility
substation, or connected directly to adistribution feeder.

It is important to recognize who owns the distributed resource and what its primary
mission is. Distributed resources are often owned by commercial and industrial enterprises
in businesses of their own. These owners are not primarily in the electric power business.
They can no more turn over control of their facilities to the power system operator than a

"By “agile” we mean customers that can rapidly increase or decrease their loads in
response to short-term (e.g., hourly) price changes or to requests from the system operator.
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power system can turn over control of the transmission system to acustomer. Thissituation
led to the frequent failures of past utility load-management programs. Utilities generally
required the customer to turn over control of a portion of the load to the utility, often for a
year or longer. The customer received a flat fee independent of how the resource (load
reduction) was actually used. This provided little flexibility for the customer and little
incentive for it to actually perform. Such inflexibility inherently limitsthe amount of resource
that can be drawn into the market.

Ancillary servicesdo not have afixed (timeinvariant) valueto the power system, so flat
fee payments are not appropriate. As demonstrated by Figure 3, the value of reservesto the
power system variesdramatically intime. If that value can be expressed tothe DR intheform
of apricemoreresourceswill be encouraged to providethe needed services. A resourcethat
wouldlose money providing spinning reserve at an average price of $10/MW-hr might find it
profitable to provide the reserve when the price rose above $15/MW-hr. Both the power
system and the distributed resource benefit when average compensation is replaced by time
varying prices that reflect actual value.

The owners of DR must befreeto enter and leavethe ancillary service marketsat their
discretion. Just as the price of hourly energy and each of the ancillary services vary, so do
customer economics. For many customersthere aretimeswhen lessflexibility existsand the
load cannot be interrupted or generation can not be brought on line without high costs being
incurred. These times are often independent of anything happening on the power system and
are therefore unrelated to the prices of the energy and ancillary services. Thisis especially
true for the compl ex interactions between thermal energy, electricity, and the customer’ sload
within a cogeneration facility but it is even evident with smple loads. For the right price, a
residential customer might be willing to automatically curtail air-conditioning use for 30
minutesto supply contingency reserves, for example. Thissame customer would probably be
unwilling to curtail use at any price when he was holding a dinner party, however. Similar
restrictions might apply for anindustrial customer, such asacontinuous chemical processing
plant while it is taking a monthly inventory and needs a stable process. In both cases the
customer choice not to participateis unrelated to the utility economics; neither load istrying
to avoid providing the service when it is highest in value. Indeed, the chemical plant may
intentionally select timesfor itsinventory when the power systemis not stressed, such as at
night or on weekends. It would do this not because of a concern for the power system but
because that may be atimewhen the chemical processis stableaswell dueto reduced activity
at the chemical plant.

The power system operator, on the other hand, needsinformation about which resources
will be supplying services ahead of time. The DR operator must declare that it is available
beforeit entersor leavesthe market. Perhapsthisdeclaration would be one day in advancefor
the following 24 hours. Both the utility and the DR will need the ability to change the
availability on shorter notice, perhaps with economic consequences. A DR that experiences
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Figure 1 Distributed resources are physically and organi zationally separated from the bulk-
power system operator and the energy and reliability markets.

technical difficulties and is suddenly incapable of supplying the service must be ableto leave
the market. Conversaly, if the power system findsitself unexpectedly short of reservesit will
need to be able to call for additional reserves quickly, perhaps by raising the current price.
Indeed, this is how the day-ahead, hour-ahead and real-time markets operate in California’ s
competitive bulk-power system.

Itiscritical to avoid providing an incentive for aresource (either load or generation)
to declare itself available when it is not or vice versa (as was done in the United Kingdom).
Equipment failuresareinevitable but service providers should have anincentive to maintain the
reliability of their resources. They should never find it profitable to sell a service that they
know they cannot deliver.

Figure 1 helpsexplain thedifficultiesin integrating distributed resourcesinto the bulk-
power system. Distributed resources are organizationally and physically separated from the
energy and reliability markets. The system operator is used to dealing with the transmission-
systemfacilitiesand large generators but has generally not had to deal withindividual loadsor



Exhibit 1. Storage

Electricity is a unique product in that production and consumption occur
simultaneoudly. Storageisattractivebut elusive, electric energy isdifficult to storedirectly.
Only pumped hydro storage has been commercialy viableto date and thereinstallations are
limited and costs are high.

In principal storage could have great value. It could be used to arbitrage the daily,
weekly or seasonal price fluctuations. On a shorter time scale it could be used to provide
contingency reserves, freeing generation to generate. On ashorter time scale still it could
be used to enhance power system stability. A number of technol ogies may be getting closer
toprovidingcommercially viablestorage: batteries, flywheels, compressedair (coupledwith
combustionturbines), super-capacitors and superconducting magnetic energy storageareall
candidates.

Other forms of storage may be more promising still. If aload can store one of the
productsit is producing with electricity that load might sell its production flexibility back
to the power system as one of the ancillary services. Thermal storage, either of hot water
or building cooling, may be abetter alternativethan directly storing electricity. A customer
might oversizeits hot water heater. The hot water heater could then be cut off for 15-30
minutes if the power system needed to deploy reserves. The users of the hot water would
not notice the interruption. Other potential storage applications include: building air
conditioning, process compressed air, municipal water pumping, irrigation, commercial
freezers, air liquefaction, or industrial parts production. Any process that consumes
electricity, produces something that can be stored at relatively low capital cost, and that is
not labor intensive is agood candidate.

Many of these processes naturally cycle on-and-off. Aggregation of numerous|oads
IS necessary to statistically assure aspecific response (a specific number of MW) when the
power system operator calls for reserve deployment. It isalso necessary to control each
individual load's return to service. Though thereis natural diversity in the cycling of 1000
hot water heaters, for example, they are al likely to try to come onif they have been out of
service for an hour. Thiswould impose an unacceptabl e burden on the power system. The
return to service would be staggered to eliminate this burden.

micro-generators. The system operator generally does not even have contact with

"We use the term “system operator” and “independent system operator (1SO)” to
identify that function within theregional transmission organization that controlsthe operation
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organizations that own distributed resources. Communications, metering, and control
infrastructure isrequired. Contracts and tariffs are needed. Rules and standards that define
each party’ s responsibilities must be developed. First, regulators and engineers responsible
for designing the system must be convinced that the distributed resourcesarewilling and able
to participate in reliability and energy markets.

Distributed resources should be permitted to participate in reliability markets. The
relatively small size of each individual unit benefits the power system because the failure of
asingleunit to respond hasrelatively littleimpact on the power system. Small unitsarelikely
to respond faster than large units, providing another benefit.

Communications, control, and metering issuesremain problematic. System operators
are used to dealing with a relatively few, large generators to obtain reliability resources.
Becausethey arefew and largeit isreasonabl e and necessary to closely monitor thereal -time
performance of each unit’. It isnecessary because the failure of a single unit to perform as
expected has serious consequences that must be dealt with immediately. It is reasonable
because the amount of information is small enough that the system operator can make use of
it in real-time. Also, the cost, on a per-MW basis, has proven to be acceptable. These
characteristics are challenged by distributed generation. With thousands of small resources
responding it isnot necessary for the system operator to monitor the performance of each unit
in real-time because the failure of asingle resource isinconsequential. The performance of
the aggregation can be model ed statistically with high confidence. It isnot reasonable either
because the amount of information that would be returned would overwhelm the system
operator. The cost would be prohibitiveaswell. Unfortunately, with little experienceto base
requirements on there are no standards for communications, control or metering yet.

Distributed generation and agileload are surprisingly similar from the point of view of
power system reliability. Reliability is maintained on the power system by continuously
balancing load and generation. Historically this has been done by controlling a few large
generators but it does not have to be donethat way. Theimportant thing isto balance load and
generation, which can be done with either side of the equation. Distributed generation and
agileload share the advantages and disadvantagesthat come from being composed of numerous
small resources. Reliability and response speed should be higher, but communications and
metering are more difficult and expensive.

of the power system.

“Unit real and reactive power output and busvoltage aretypically reported to the system
operator every two to eight seconds.



Some distributed generators exploit resources that are inherently dispatchable
(controllable) whileothersarenot’. Intermittent resources, such aswind mills, photovoltaics,
or run-of-the-river hydro, are not dispatchable. Cogeneration facilitieswith specific thermal
requirements may not be dispatchable either. Theability to control the output of dispatchable
generators has value in that the generator can support the bulk power system. Thisincreases
the number of services (e.g., regulation and spinning reserve) the generator can sell to the
power system. Distributed generatorsthat interface with the power system through solid-state
invertors (rather than through rotating generators) can sell reactive power to the power system
whether the generator is providing real power or not.

Because thisreport focuses on bulk-power reliability, anumber of benefits offered by
distributed resources are not discussed. Distributed resources can be used to reduce the
loading on distribution equipment and delay the need for the distribution utility to make costly
investments. They can also provide emergency power, increase local reliability and improve
local power quality. Waste heat can be used for cogeneration, an option not open to central
generators. These benefits, although not discussed here, should be examined when considering
distributed-resource investments.

The rest of this report is organized as follows. Section 2 discusses the reliability
services that distributed resources may be able to sell. Section 3 examines the
communications, control, and metering requirementsfor providing these services. Section4
looks briefly at interconnection requirements, standards activities, and utility concerns
associated with distributed generation. Section 5 discusses transmission concerns for
distributed resources. Section 6 presents avision of how adistributed system could work in
the future. Section 7 summarizes the key points developed here.

2. TECHNICAL REQUIREMENTSFOR BULK-SYSTEM RELIABILITY SERVICES
DISTRIBUTED RESOURCESMIGHT CHOOSE TO SELL

Electricity isaunique commodity in that production and consumption must be matched
essentially instantaneously. Reliability of the power system is maintained by actively
controlling some resources to continuously balance aggregate production and consumption.
Historically control wasexercised only over largegenerators. Loadsdid whatever they wanted

"Dispatchable resources are ones for which the RTO can order increases or decreases
in output, within aminute or two for resources providing the regulation service or within five
or ten minutes for resources providing balancing services (i.e., the load-following service).
Intermittent resources, because their output depends on external forces (such asthe wind or
sun) are not dispatchable and, therefore, can not sell controllable generation into ancillary
service markets.



to meet their needs, while generation, under the control of the system operator, responded to
the changing requirementsimposed by loads. Asrestructuring progressesand regulated system
operationsis separated from competitive generation, the specific requirementsfor reliability
servicesto maintain this generation/load balance need to be articul ated clearly in technol ogy-
neutral language. That is, the required performance must be specified clearly enough that
separate commercial entities can agree on what will be provided, and at what price. The
requirements must specify performance rather than the methodsto yield desired outputs. For
example, asystem operator should request “ 100 MW of response that can be delivered within
10 seconds’ rather than “100 MW of unloaded, on-line capacity from a large fuel-burning
generator”. FERC started this process by requiring the separation of six ancillary services
from transmission in its Order 888; FERC expanded that process with its Order 2000 on
regional transmission organizations (RTOs).

INDIVIDUAL SERVICES

Table 1 presents 8 ancillary services (reliability services) that DR owners might want
to sell”. These services are required to maintain bulk power system reliability and are being
opened to competitive markets in regions where RTOs operate. Distributed generators and
storage devices may or may not be able to sell Reactive Supply and Voltage Control From
Generationto the bulk power system depending on their size and location. Network Stability
is a services that distributed generators and storage devices should excel at if they are
connected to the power system through an inverter and are in the correct physical location.
Blackstart appearsto be a service that DR is qualified to sell since many DR generators are
inherently capable of operating independently of the power system. To be useful to the power
system, however, the blackstart units have to belocated where they can be used and capabl e of
re-starting other generators. Some DR generators are not large enough or located properly to
be useful. For those that are big enough and in the correct location this could be an excellent
serviceto sell.

"Thislist is not exactly the same as FERC's. System Control is not included because
DR owners can not sell that service. System Blackstart, Backup Supply and Network stability
are included because DR owners might be able to sell these services even if FERC does not
explicitly recognize them.

The servicesal so do not exactly match the current NERC Interconnected Operations Services
which currently split out Frequency Responsive Reserve. The precise definitions are still in
flux though the concepts are well accepted.



Table 1. Key Ancillary Services and Their Definitions

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

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

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

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

Supplemental Reserve: Response to restore generation/load balance within 10 minutes
of ageneration or transmission contingency

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

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

System Blackstart: The capability to start generation and restore al or amajor portion

of the Eower astem to service without sueeort from outside after a total ﬂstem col I@se

The five remaining services (Regulation, Load Following, Frequency Responsive
Spinning Reserve, Supplemental Reserve, and Backup Supply) dea with maintaining or
restoring the real-energy balance between generators and loads. These services are
characterized by response time, response duration, and communications and control between
the system operator and the resource needed to provide the service. Figure 2 shows the
required response for these five energy-balancing functions. Because regulation requires
continuous (minute to minute) adjustment of real-power transfers between the resource and
the system, loads may not want to provide this service. Load following could be provided
directly or through the use of a spot market price response on atimeframelessthan an hour,
consistent with FERC’ s requirements that RTOs operate real-time balancing markets. The
contingency reserves are especialy amenable to being provided by distributed resources.
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Figure 2 Real-power ancillary services are differentiated by the required
response time and duration.

Similar restrictions apply to DRs supplying ancillary services as apply to central
generation stations supplying those same services. For a generator to supply contingency
reserves, it must have capacity available to respond to the contingency; the generator cannot
be operating at full load. Similarly, a DR selling contingency reserves must have capacity it
can make avail able when the contingency occurs, either by increasing its power output or by
temporarily curtailing load.

Providing ancillary services from distributed resources should involve a careful
integration of generation and load response. Since fast services generally command higher
prices than slower services (as shown by Figure 3) it is desirable to sell the fastest service
possible. Attimesit may be faster to temporarily curtail load than to start generation. Load
can berestored to service asadditional generationisbrought online. Itisalsogenerally easier
to incorporate energy storage ontheload sidein the form of thermal storagethanitisonthe
power-supply side. Ten minutes of storage can be very valuable, as seen from the high prices
paid for spinning reservesin Figure 3.

DISTRIBUTED RESOURCES AND THE POWER SY STEM BENEFIT WHEN ANCILLARY
SERVICE MARKETS ARE OPEN

Distributed resources benefit because they receive revenue fromthe sale of ancillary
services as well as from energy production. The power system benefits in several ways.
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Figure 3 Rea power reserve services requiring faster response command
higher prices, on average, than do slower services in the California market as
shown by this December 1998, weekday data.

FERC is encouraging open competitive markets for generation, both energy and ancillary
services. FERC ordered the unbundling of ancillary services from transmission to promote
competitive markets, which should improve economic efficiency and lower electricity prices.
These markets should be open to any technology capable of providing the service, not just
generators. Thiswill expand supplies and reduce horizontal -market-power problems.

Beyond the argument of fairness, having additional resources participate assuppliers,
aswell asconsumers, of electricity servicesimprovesresource utilization. Ancillary services
consume generating capacity. When loads provide these reserves, generating capacity isfreed
up to generate electricity.

Smaller facilitieswill probably respond more quickly to control-center requests than
large generators. Thiswill likely more than overcome the communicationsand control delays
associated with their greater numbers. Distributed resources should also be amore reliable
supplier of ancillary services than conventional generators. Because each facility will be
supplying asmaller fraction of the total system requirement for each service, thefailure of a
singleresourceislessimportant (Exhibit 2). Just asasystem with ten 100-MW power plants
requires|ess contingency reservesthan onewith asingle 1000-MW plant so too asystem that
utilizesalarge aggregation of DR asaresourceto supply reserveswill requirelessredundancy
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Exhibit 2. Reliability from Distributed Resour ces

Whenever asystem operator callsfor the deployment of contingency reservesthere
isalways some changethat the resourcethat is supposed to supply thereservewill fail to do
so. The small size of individual distributed resources reduces the consequence of this
problem and makesthem amorereliable source of contingency reserves. Take, for example,
the case of a system operator purchasing 100 MW of supplemental operating reservefrom
a100 MW fast-start combustion turbine. Thisturbine might start within the required time
on90% of itsattempts. 1none caseinten the system operator is100 MW short. It doesthe
system operator little good to reduceits expectationsto 90 MW, though that isthe average
response.

A collection of 12,500 10 kW distributed resources that individually have only an
80% chance of responding each time makesabetter aggregated resource. Inthiscase20%
of the individuals fail to respond but the system operator still sees a the full 100 MW
response each time.

than one that carries all its reserves on afew large generators. There can still be common-
mode failuresin thefacilities of the aggregator (the aggregators communications system could
go down, for example), but it is easier and cheaper to install redundancy in this portion of the
system than with an entire 1000-MW plant.

PROVISION OF INDIVIDUAL SERVICES

The owner of aDR, in cooperation with an aggregator and the system operator, would
determine the amount of each service that couldbe provided. Metering, communication, and
control requirements would then be established.

Looking first at the services required to restore the generation/load balance after a
contingency, Supplemental Reserve isalikely candidate for provision. The resource must
fully respond within 10 minutes of the contingency’. Response must be maintained for an
additional 20 minutes, i.e., until 30 minutes after the contingency. Thisisashort interruption
that many customers may find acceptablefor aportion of their load. Integration of distributed
generation with load is particularly important. Anything that inherently has some storagein
the process, or any process for which storage can be readily added is a good candidate.

"Specific timing requirements for each service vary from region to region. The
requirements referenced here are from NERC (1998) Draft Policy 10. The NERC Security
Committeeis currently thinking of extending this 10 minute response time to 15 minutes.
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Candidates include water pumping, building temperature control, water heaters, and air
compressors. A commercial building might sell Supplemental Reserve by offering to shut off
itsair conditioning compressors. Building temperature would rise a few degrees during the
curtailment. The building owner might pre-cool the building afew degreesin order to store
“cool” and limit the temperature rise to an acceptable value. Alternatively, the building could
be designed with greater thermal mass, either inthe structureitself or asathermal storage unit
attached to the building ventilation system.

The system operator takes some of the 10 minutes to recognize the contingency and
to call for response. Theaggregator’scommunications processwill consumesometime. This
leaves afew minutes for the distributed resource to respond.

Frequency Responsive Spinning Reserve isboth easier and moredifficult for DRsto
provide. Because the service responds to system frequency, each facility has the triggering
dgnal available at all times. The service only has to be provided until it is replaced by
Supplemental Reserve, 10 minutes, creating ashorter interruption. Full responseisrequired
within 10 seconds, however, which may make it hard for generation that is not on-line to
provide. Again, aninitia response by the load, followed by a response from the generation
might be ideal. NERC is beginning to move away from technology specific standards as
indicated by the recent Performance Committee meeting. Don Badley (Northwest Power
Pool) reportsthat “they werein agreement that |oad could be counted as Spinning Reserve but
only as long as it approximates governor response”’. Having each facility in an aggregation
responding at slightly different frequencies could create a typical generator governor
characteristic where the response is greater with greater frequency deviation.

Freguency Responsiveand Supplemental Reservesrestorethesystem’ sgeneration/load
balance and maintain it for 30 minutes. Thirty minutes after a contingency occurs the
customer that lost the generation that occasioned the use of reservesisresponsiblefor making
other arrangements or curtailing itsload. The Backup Supply plan is a pre-arrangement that
tells the system operator how to proceed for each load’ sloss of primary supply. Loads may
find distributed generation an attractive option instead of relying on Backup Supply delivered
through the utility. Alternatively, some distributed resources may find it attractive to provide
Backup Supply for other loads. The 30-minutewarning providestimefor communicationsand
for the responding facility to take actions to reduce its own costs.

Distributed resources may also wish to participate in maintaining the generation and
load balance during normal operations, though this seemslesslikely. Load Following could
be provided by cycling daily operationsin responseto direct MW commandsfrom the system
operator or by responding to short-term price signals.

Regulation is the least likely of the generation/load balancing services for DRs to
provide. It requires the most frequent response by the DR to system operator requests,
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typically more than one per minute. It also requires the greatest amount of communications
between the DR and the system operator. Not surprisingly, standards for the required
communications, control, and metering have not been established. Itispossible, however, that
excess agile generating capacity or loadswith variable speed drives (e.g., water pumping) could
accept automatic-generation control signals from the system operator. Municipa water
pumping accounts for approximately 1% of national electricity consumption, providing
potentially significant sources of load-based regulation or other ancillary services.

3. COMMUNICATIONS, CONTROL, AND METERING REQUIREMENTS

Historically system operators have obtained ancillary services from a few large
generating plants. Because of the small number and large size of each resource it was both
necessary and practical for the system operator to monitor the performance of each plant
closely. Generator power output istypically telemetered to the system operator every two to
eight seconds. Commandsto adjust output can be sent to the plants asfrequently. Thishigh-
speed communication is necessary because the failure of asingle power plant to respond had
to be compensated for immediately. It was practical because each plant wasvery expensive and
the communi cations and control costs, athough high, were small in comparison to the overall
cost of the power plant. It isprobably not cost effective to provide thislevel of monitoring
for each DR. Itisalso not necessary, aswill be discussed | ater.

Once the commercia arrangements are understood the actual information that must
pass between the parties follows from the service requirements. For each of the reliability
services, a method must be implemented to transmit the price to the resource and for the
resource to confirm its commitment to provide the service. This can be done aday ahead or
hour ahead. For services, such as blackstart and voltage control, this may be done through
long-term contracts of one or more yearsin length.

Actua deployment requires much faster signaling. Frequency Responsive Spinning
Reserves must befully deployed withinten seconds. Resourcesresponding to I nterconnection
frequency deviations can detect on their own without information from the system operator,
because system frequency isthe same everywhere and isreadily observable. Spinning reserve
is also used by the system operator to respond to contingencies that are not large enough to
move system frequency. The request to deploy these reserves must get from the system
operator to each resource within seconds. Fortunately thisis a“broadcast” signal, a unique
signa is not required for each responding resource. Also, the signal can be fairly simple,
“deploy now”, rather than a complex command to follow a detailed list of instructions.

Deployment of Supplemental Reserves is similar to deployment of Frequency
Responsive Spinning Reservesbut simpler. Sinceresponseisnot required for 10 minutesthe
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signa can takelonger to get from the system operator to the resource, perhaps aminute or so.
The signal is still asimple broadcast one telling alarge group of resources to deploy.

Backup Supply hasalonger time still for the deployment signal to get to the resource
but it likely involves more commercial partiesthan thetwo reservesignals. Itisalsolikely to
be moreresource specific becauseit isacontractual matter between the customer that lost its
primary supply and the resource supplying Backup Supply. If acustomer is using distributed
generation to provide its own Backup Supply the communications and control issues, aswell
as the commercial arrangements are much simpler.

Load Following requires signals sent every five or ten minutes. These signals could
either be prices, which could be broadcast throughout the system, or specific MW instructions,
depending on how the serviceis defined in each area. In either case, the signal would likely
be sent several minutes before the price or instruction was to be implemented and could take
in the range of one to three minutesto arrive.

Regulation requires matching generation and load on a minute-to-minute basis.
Deployment instructionstell the resourceto go to aspecificlevel (almost alwaysageneration
output level but conceivably aload consumption level). Theseinstructionsmust arrivewithin
seconds to be effective.

Reactive Supply and Voltage Control from Generation is generally deployed by
sending the resource avoltage or reactive power output setpoint. Theresourceisexpected to
respond rapidly to local conditions that attempt to move the resource away fromitssetpoint.
But setpoint updates are not sent very often and can typically withstand adelay of aminute or
two. Signals are resource specific, however, because they apply to the particular physical
location.

Blackstart requiresintimate control by the system operator. Deployment isextremely
rare, however, so it is possible that voice communications with a local operator would be
acceptable if the resource was at a manned facility with suitably trained operators.

CERTIFHICATION VSMETERING

Metering serves two purposes. Coupled with fast communications it can provide the
system operator with information concerning the real-time performance of the resource in
providing whatever ancillary service the resourceis currently supplying. Coupled with much
slower communicationsit can also provide after-the-fact information on how well aresource
performed each service it was contracted to provide. Communications speed is most
important for the first task, accuracy for the second.
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Most of the generators on atypical power system are relatively large and expensive.
It is reasonable for the system operator to monitor unit output and bus voltage every few
seconds. Theamount of dataand the expense per MW are both reasonable. When the operator
calls for response, it can be monitored in real time. Historically, real-time monitoring of
generator provision of ancillary serviceswas emphasized, little attention was paid to after-the-
fact performance evaluation within vertically integrated utilities.

Providing the same real-time information from hundreds or thousands of individual
resources (e.g., residential water heaters) would be prohibitively expensiveand would yield an
overwhelming amount of datathat could not be managed inreal time. An aternative to real-
time monitoring of each individual resource exists. Distributed resources could be certified,
either individually or in aggregate, for the provision of each ancillary service. Certification
wouldconsist of deploying the resource under controlled conditionsto determinethereliable
response. Testing of the contingency reserves, for example, would not be announced to the
resource. Theresponsewould be measured on control-areametering. Periodic testing would
monitor continued capability. Individual resource performance would also be monitored with
recording meters. After-the-fact analysis, and payment for service provision, would be based
on recorded system operator requests for response and resource service provision. Thereis
no compelling time constraint on returning the verification information to the system operator,
it could be collected at the end of the billing cycle (monthly) as long as the meter preserves
enough detail inthetemporal record to evaluate the performance. The metering hasto befast
enough to capture ancillary service performance but the communications from each resource
to the system operator does not. This should keep the cost to participate in ancillary service
markets reasonable.

It may taketimeto convince system operatorsthat are used to directly monitoring their
ancillary service resource’ s performance in real time that the use of DR is better. Assured
response from a certified resource that, because of the small size of each component, is
inherently morereliable and which failsmore“ softly” provides greater overall reliability than
closer monitoring of alessreliable resource’.

AGGREGATION AND COMMUNICATION

The major objection often voiced to distributed supply of ancillary servicesisthat the
system operator cannot deal with the large number of individual resources and that the
communi cations requirementswould be overwhelming. Thesearevalid concernsbut onesthat
can beaddressed. Aggregatorscan provideagenuinely valuablefunction here. By handling the
communications with alarge number of distributed facilities they can present the system

"Failures are “softer” in that not all of the responseislost at once, asistypical with
large generators. Failure of asingle DR hasrelatively littleimpact on the overall system.
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operator with a single point of contact for a reasonable amount of capacity, similar to the
systemoperator’ sinterface with generating resources. They can also beaninterpreter between
the electrical system and customers. The system operator is not interested in learning the
details and concerns of each customer. Similarly, customers are in businesses of their own
and have neither the time nor the interest in learning all about the power system. The
aggregator can bridge this gap, creating a valuable resource in the process.

The aggregator would first perform the commercial function of identifying DRs that
are interested in and capable of participating in ancillary service markets. The aggregator
would determine the collective capability to provide each ancillary service and negotiate with
each DR to determine what they would be willing to provide at any given price. Armed with
thisinformation the aggregator would negotiate with the system operator to be able to supply
ancillary servicesto the system. This could be as simple asfiling the appropriate paperwork
to register for an existing ancillary servicesmarket. 1t could be ascomplex asconvincing the
system operator of the value of letting DR participate and establishing performance rules.
Negotiations between the aggregator, the system operator, and the DR owners would be
iterative.

The aggregator would establish physical communicationswith the system operator that
likely will haveto conform system control and dataacquisition (SCADA), energy management
system (EMS), and/or automatic generation control (AGC) requirements established by the
system operator. These communications will enable the system operator to treat the DR
aggregationasasingleresource. Next the aggregator will establish acommunications network
to connect it to each DR. The communications between the system operator and the aggregator
will be robust and fast. The communications between the aggregator and each DR will be
inexpensive. Both price signals and deployment control signalswill have to be conveyed.

The aggregator also performs important real-time decision functions as well.
Interacting with the ancillary service markets the aggregator negotiates price and quantity
commitments for the aggregation. This involves the expected interaction with the ancillary
service marketsof providing bids. To generate those bidsthe aggregator hasto negotiate with
eachDR. It candothisby having alist of standing bidsfrom each resource, by communicating
with each resource in real-time to determine current capability and price, or through a
combination of both. The aggregator will have to assemble the collection of DR capabilities
into a coherent ancillary service bid for each market clearing, perhapshourly. Itislikely that
the aggregation process will involve some manual decision process and communication with
the ancillary service markets. Communicationwith each DR to obtain current capability and
price information will likely be automatic, though it must be under the control of the DR
owner. It could be as simple as the DR owner providing a standing bid for each ancillary
service that changes only when the DR owner notifies the aggregator (the standing bid is
“automatic”). Or it could be as complex as a computer program at the DR facility that
considers all the current conditions at the DR facility and generatesaquantity and pricebidin
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real-time. Finally, on the commercia side, the aggregator must notify each DR of
commitments that resulted from each round of market clearing.

The aggregator has an important operational role aswell. When the system operator
call for deployment of an ancillary serviceit notifiesthe aggregator. The aggregator must pass
this notification on to the individual Drs that agreed to provide the service for the current
period. If the system operator called for less than full deployment the aggrgator must be
capableexercising control over the collection of resources. For example, the aggregator may
have sold 400 MW of supplemental operating reserve. When aneed arisesthe system operator
may only call for 300 MW to be deployed, however. The aggregator could tell each DR to
provide only % of what it offered. Alternatively it could tell % of the DRs to deploy. A
combination of thetwo methodswill likely be used depending on the current capability of each
DR.

The aggregator may betheentity that takestherisk of statistical performance whenload
isused asthe resource. When cyclic loads, such as hot water heaters or air conditioners, are
used as contingency reservesthereis some probability that any given load will not be on when
it is directed to turn off. Use of cyclic load as a resource requires an evaluation of the
statistical behavior of those loads to determine how many loads to curtail in order to obtain
aspecificresponse. Theresponsewill vary asexterna conditionsvary. Many more hot water
heaters are likely to be on in the morning when people are waking up, getting ready for work,
and using hot water than are on in the middle of the night when little hot water isused. The
aggregator will likely be the one to make the real-time evaluation of what DR response to
request from its fleet of resources in order to deliver a specified response to the system
operator. The aggregator will also likely be the one to take the economic risk of non-
performance’.

The aggregator will aso beheavily involved withindividual DR performance evaluation
and compensation. Compensation for the aggregated response will be based upon the market
rules established for al ancillary service providers. How that total compensation gets
allocated among theindividual DRswill betheresponsibility of theaggregator. Individual DR
performance will have to be evaluated. Metering at each DR site will record individual
response and report this back at the end of the billing cycle, perhaps monthly. Individua
meters may record deployment requests as well as DR response to assure that the
communications system notified the DR that it needed to deploy. Compensation could be per
successful event. Alternatively, performance metricsthat establish statistical limits might be
preferred. Performance might only be expected 1 out of 2 times for a cyclic load, for

“The system operator could take the risk instead of the aggregator. In that case the
systemoperator might contract for X MW of hot water heater response rather thanfor Y MW
of supplemental operating resereve.
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Exhibit 3. Metering an Aggregation

Anexamplemay help toillustrate how recording meters can differentiate aggregator
performance for the system operator. Say a system operator has 4 large generators (A, B,
and C) and 3 aggregations (X, Y, and Z) each providing 50 MW of supplemental operating
reserve. A contingency event occurs and the system operator calls for 300 MW of
response. From system metering the system operator cantell that it received only 250 MW
of response. The system operator takes immediate action to obtain additional response,
perhaps obtaining it from a neighboring system. Who failed to deliver? The large
generatorsindividual real-time metering may have shown that generator A over-delivered
10 MW while generator B under-delivered 20 MW. Generator C delivered what it said it
would. The system operator then knows that collectively, aggregators X, Y, and Z under-
delivered 40 MW but it is not possible to tell from the real-time metering where the fault
lies. Examining theindividual DR recording meters at the end of the month would reveal
the source of the problem. Aggregator X could prove that it fully delivered its 50 MW
baseduponits DR’ smeters. Similarly aggregator Y could show that it deliveredits50 MW.
Aggregator Z would have to admit that it delivered only 10 MW based on its DR’s meter
readings. Aggregator Z would also know which of its DRsfailed to perform, but thisisan
internal matter for Aggregator Z. Note that the system operator does not need to actually
collect and analyze the individual DR meter data. It is enough for the system operator to
have the right to audit the meter data in the event that there is a dispute among the

aggregators.

example. Metrics and compensation would be acommercia concern between the DR and the
aggregator.

Individual DR meter records may be used by the system operator to evaluate the
performance of each aggregation. System metering tellsthe system operator inreal timehow
the entire system performed for each ancillary service deployment. Individual metering on
large resources tells the system operator how they contributed, again generaly in real time.
Since it is impractical to provide real-time metering and communications to report DR
performance the system operator has no way of distinguishing between individual aggregators
performance. Examining eachindividual DR’ srecording meter will enablethe system operator
to evaluate the performance of each aggregator, as shown in Exhibit 3.

COMMUNICATION TECHNOLOGIES
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NERC policies call for reliable and redundant communications networks for “voice,
AGC, SCADA, specia protection systems, and protectiverelaying”. Historicaly utilitieshave
used arange of technologiesto fulfil thisrequirement to observe and control the transmission
system and communicate with generators. Microwave, fiber optics, leased telephone lines,
ownedtelephonelines, and power line carrier areall in common use. All can providereliable
and fast, communication for data, control, and voice signals. Specifically, the draft NERC
policy that dealswith ancillary serviceresource providers(Policy 10) callsfor “voiceand data
communications ... to respond to the instructions or controls of the OPERATING
AUTHORITY” and for the resource to “provide to the OPERATING AUTHORITY red-time
telemetry of thereal power output of each IOSRESOURCE.” Unfortunately traditional utility
communications technol ogies are too expensive for use with DRsthough they work quitewell
for large generators.

Severa technologies|ook appealing for low-cost communication with alarge number
of distributed resources, however. Pilot efforts are underway using pagers, the Internet, non-
dedicated phone lines, and radio. In each case the objectiveisto reduce the per-unit cost of
implementation. Communication speed isimportant but only hasto be fast in one direction,
and the fastest signals generally can address a large group of resources with a single
deployment command.

Pagers, for example, are promising because they provide individually addressable
communications for $20 capital cost and $5/month per device. The amount of information
they transfer, atelephone number and short text message, is greater than that required for an
ancillary service transaction which typically contains aMW amount and aprice. Deployment
signals contain even less information, a MW amount at most. Pagers are limited to
communicating in one direction, from the aggregator to the individual DR, so they would be
useful for confirming a DR’ s acceptance to supply an ancillary service for a set time period
and for deployment commands. Pager speed appears to be adequate or close. Messages
typically get to pagers within about two minutes, quite adequate for most ancillary service
communications. The pager serviceprovider isconstantly assembling batches of messagesfor
broadcast to all pagers. This is the process that results in the dslight delay in the
communications process. It is possible that the infrequent ancillary service deployment
commands for spinning reserve (the ones requiring the greatest speed) could be given higher
priority for a higher fee. Pager based thermostats are currently available for a few hundred
dollars. Pricesshould drop significantly if quantitiesincrease. And quantitieswould haveto
be high for the resource to be ov valueasaDR.

Non-dedicated telephonelines can be used aswell. Devicessuch asalarm systemsand

even some advanced electric meters use existing telephone circuits to communicate with
central stations. The device accesses the existing phone line, determinesif itis currently in
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use, and makesaphonecall to the central station when communicationsareneeded . Thistype
of technology could be used when aDR needs to communicate a change in availability to the

aggregator.

L ocations with Internet access may choose thistechnology to communicate with Drs.
Individua lighting fixturesare being experimentally addressed through thistechnology in some
office complexes. Costsareexpectedto beaslow as$1/device. Communicationsisavailable
in both directions.

The resource aggregator will deploy its own communications network and sell the
aggregated performance, which depends in part on the performance of the communications
network. This gives aggregators the freedom to try different communications technol ogies
and the incentive to find performance at low cost.

4. INTERCONNECTION REQUIREMENTS& UTILITY CONCERNS

I nterconnection requirements affect both power plants built by independent power
producersand distributed resources. In both cases, ownersof new resources complain that the
traditional utilitiesareblocking their accessto the bulk-power system by imposing expensive
and unneeded studies and investments. The utilities respond that they must ensure the saf ety
of their workers and the public in general, and that they can’t connect resources whose
operations might degrade power quality, reducereliability, or overload transmission elements
and cause congestion.

The situation for DR is especially difficult because utilities have relatively little
experience connecting distributed generators. The requirements in place at many utilities
today are based on good practice for large units. They often require individual engineering
studiesfor each application. Capital costs associated with interconnection equipment can be
$40,000 or greater. Whilethiscan be appropriatefor a100-MW generator it is prohibitively
expensive and probably unnecessary for a2 kW photovoltaic system.

Utilities have three basic interconnection concerns:

"Alarm systems typically seize the phone lineto report emergencies. Electric meters
typicallywait until the phonelineisnotinuse. Some electric meterseven sense when another
telephone on the premises is picked up and terminate the meter’s phone call to avoid
interfering with a new outgoing call.
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# Safety - A distributed generator could energize part of the distribution or transmission
systemwhen that system is supposed to be de-energized., endangering utility personnel
and the general public.

# Equipment Damage - A distributed generator could damage utility or other customer
equipment.

# Power Quality - A distributed generator could cause flicker, harmonics, or other
power-quality problemsfor other nearby customers.

These underlying concerns manifest themselves in numerous technical requirements
suchasthe need for load break disconnects (aswitch located outside the building so that utility
personnel can disconnect the distributed generator at any time), utility-grade breakers(more
rugged and expensive than commercial breakers), dedicated isolation transformers, feeder
relay coordination (studiesare required to assurethat existing protection on the utility system
will continuetowork after the distributed generator isinstalled), etc. Finding appropriate ways
to deal with these legitimate concerns has lead to considerable debate over interconnection
requirements. Utilitieshavelittlefinancial incentiveto find low-cost solutions and often feel
that they are the onestaking the risk. Manufacturers and owners of DR want to reduce costs
but do not want to sacrifice safety or quality.

State regulators are beginning to resolve these issues. The Texas Public Utility
Commission hastaken alead in thisareaimplementing interconnection standardsfor the state.
Texas experienced a generation shortage in 1998 and the Commission believes that existing
distributed generation, such as emergency generators at customer facilities, can alleviate the
problem.

INTERCONNECTION STANDARDS

Standards activities are also underway at the Institute of Electrical and Electronics
Engineers (IEEE) and Underwriters Laboratories. These are voluntary standards but state
regulators and utilities often adopt them so the forums are important. 1EEE P929,
Recommended Practice for Utility Interface of Photovoltaic Systems, addresses
interconnections for small (lessthan 10 kW) photovoltaic (PV) systemswith the utility grid.
The recommended practice has several key features:

. I nterconnection requirements apply only to the interface point between the utility and
the customer, not to the point where the generator connectsto the customer’ sfacility.



. If theinverter isnon-islanding, it isnot a possible sourcefor energizing the utility. No
protection is required beyond that internal to the inverter.

. The inverter should shut down if voltage is outside 88 to 106 percent of nominal or
frequency is outside the range 59.5 to 60.5 Hz.

. Requiredtrip timesvary from 2 to 120 cycles; with faster tripping required for greater
deviations from normal operations.

. The inverter should remain off until at least 5 minutes after utility power is restored.

. Third-party testing is required. Underwriters Laboratories test procedure UL 1741
supports the requirements in P929.

UnderwritersLaboratoriesdeveloped UL 1741, Invertorsand Charge Controllersfor
Use in Photovoltaic Power Systems, to coordinate with IEEE P929. This standard (its first
draft was released 15 years ago in 1984), covers testing, manufacturing specifications, and
general safety for PV invertor and charge controls. This standard provides for third-party
testing and certification of manufactured PV distributed generation systems.

The standardswork for small PV systemsisbeing extended to all distributed generators
(lessthan 10 MW) through |EEE SCC 21 P1547, Distributed Resour ces and Electric Power
Systems Interconnection. This is the primary national forum for distributed generation
manufacturers, utilities, and othersto come to consensus concerning technical requirements
for interconnection. The processis expected to result in afinal draft standard by the spring
of 2001.

Standards activities concerning distributed generation interconnection tend to be slow
because this is a consensus building activity among parties with very different motivations.
While everyone wants safety and reliability distributed generation manufacturers and owners
have a strong economic motivation to keep costs down, to standardize the process, to reduce
uncertainly, and to speed the interconnection process. The utilities tend to focus more on
assuring continuity of serviceto other customers and reducing the cost of the overall utility
system. Utilities tend to favor studying each installation and are less likely to agree that a
generic solution is adequate in all cases. Finding common ground is taking time.

WHEN TO DISCONNECT A RESOURCE
The issue of when to disconnect a distributed generator illustrates the difficulty in

deciding how best to utilize DR. Itisuniversally recognized that a distributed generator must
not energize asection of the power system that the utility hasintentionally de-energized. This

"An inverter is a solid-state electrical device that converts DC electricity into AC
electricity. Anelectrical island isaportion of the electrical grid that operatesindependent of
therest of the grid (i.e., it hasits own frequency).
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wouldrisk injuring or killing people. But should DR be ableto intentionally power aportion
of the grid independent of the host utility (islanding)? Most proposed standards do not allow
suchislanding althoughitisnot an uncommon practicefor utility owned generators. Utilities
are concerned that non-utility generators might not do thissafely, other customer’ s equipment
might be damaged or that power quality would not be acceptable.

Similarly, proposed interconnection standards now call for distributed generators to
disconnect from the power system if frequency or voltage get out of anarrow range. Thisis
advocated to simplify the power system until it is returned to amore normal condition. Itis
also asafety feature to assure that the distributed generator is not operating in anidand. But
if frequency is low, removing generation further lowers frequency, which hurts the system,
possibly causing it to fail. This separation requirement is now being re-thought.

OPERATING MODES

A surprising amount of flexibility remains even if safety concerns prevent operating
distributed generation interconnected with the grid. Some or al of a customers load can be
transferred to an isolated generator, relieving the utility of the burden of supplying that load.
Thisisthe normal operating mode for emergency generators. One disadvantage of thismode
isthat somefinitetime (seconds) isgenerally required to switch from the utility supply tothe
distributed generator, even if the distributed generator is operating at the time switchover is
required. Extremely fast switches are available but they are expensive.

In addition to providing the load with backup power, switching load between the utility
andthedistributed generator alowsaload to reduce the peak demand it imposeson the utility,
to avoid using power when spot power prices are likely to be high, or to sell contingency
reservesto the power system. Still, isolated operationislessflexiblethan operatinginparallel
withtheutility. Theisolated load must be matched closely to the distributed generator to avoid
wasting excess generating capacity or falling short of supplying the load.

GENERATOR TYPES

Utilityinterconnectionrequirementsaretypically not rel ated tothebasi cenergy source
that powers any given distributed generation technology. Whether the energy comes from a
fuel cell, amicroturbine, areciprocating engine, or awindmill isunimportant. How the energy
is converted to 60-Hz power used commercially is somewhat more important. For that there
are only four technologies. synchronous generators, induction generators, self-commutating
invertorsand line-commutated invertors (Exhibit 4). Generatorstypically convert mechanical
energy into alternating current (AC) electric power. Fuel cells and photovoltaics produce
direct current (DC). Invertors are solid-state electronic devices that convert DC electricity
into AC of the desired frequency and voltage. A combination of arectifier and an inverter is
used to convert high frequency AC electric power produced by generators connected to
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microturbines (most of these rotate too fast to produce 60-Hz power directly) into DC then
into 60-Hz electric power.

5. TRANSMISSION CONCERNS

Restructuring isal so changing how transmission isoperated and prices. Becauseflows
onindividual lines cannot be easily controlled in an AC network and because capital costsare
high while operating costs (incremental costs) are extremely low, transmission will almost
certainly remain regulated. Distributed generation might be considered less dependent on
transmission than other forms of generation because distributed generation is generally
located close to or co-located with the load it primarily serves. (Wind generation is an
exception in that it is often located remotely from loads.) Transmission is important to
distributed resources, however, because of the impact it has on local prices.

Transmission costs only about one tenth as much as generation so it is appealing to
think that we should have enough transmission so that the system is rarely congested and
commerce can flowfreely over the system. Unfortunately thisisnot practical. Transmission
isdifficult to build. Thereis often public opposition to the construction of new lines. And
sinceflowsonindividual lines can not be controlled activitiesin one part of the system affect
flows throughout the system. Consequently constraints can appear in different locations at
different times. Assuring that constraints seldom appear would likely require expensive
overbuilding.

Since flows on individual lines can not be controlled directly, overloads (actual or
potential) arerelieved by redispatching generation. Generation islowered at some locations
and raised at others. Redispatch incurs a cost because the generation that is reduced was
selling at a lower price than the generation that was raised. It is primarily the way this
redispatch cost is recovered that impacts distributed generation.

Under traditional transmission pricing, the cost of building and operating the
transmission system, including the redispatch cost to aleviate congestion, is spread among all
customers based on their energy use, demand, or both. Under restructuring, FERC is
advocating and several RTOsareimplementing transmission pricing that addresses congestion
through competitive markets. Thisisdone by allowing local electricity pricesto reflect the
cost of alleviating transmission congestion. A number of schemes are possible, using either
nodal or zonal prices; the important point for DR is that the volatility across both time and
space of prices increases because of congestion.
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Exhibit 4. Generator Types

Synchronous Generator: An electromagnet or a permanent magnet on the rotor
produces the magnetic field in a synchronous generator. As aconsequence the frequency
of the AC electric power produced (60-Hz for example) is exactly related to the rotational
speed of the generator (1800 RPM for example). Similarly, the magnitude of the voltage
produced (and the reactive power delivered to the power system or consumed by the
generator) isdirectly related to the strength of themagneticfield. A synchronousgenerator
with an electromagnet can control its output voltage and real and reactive power outputs.
Synchronous generatorsare excellent at supplying isolated or interconnected loads. Almost
all traditional utility generators are synchronous machines. Synchronous generators have
relatively high surge capacity (extrapower availablefor afew seconds) which isuseful for
motor starting but also produces high fault currents which can damage utility equipment
when short circuits occur.

Induction Generator: Aninduction generator relies on the power system to induce
the required electric field in the generator’s rotor. As a consequence, the electrical
frequency is not locked to the rotational speed of the generator (a 60-Hz generator might
spin at speeds between 1820 and 1860 RPM to deliver power to thegrid, for example). An
induction generator cannot control its output voltage and it consumes reactive power.
Therefore, induction generatorsare not good at supplying isolated loads. Unfortunately this
characteristic cannot be relied upon to guarantee that the generators will not support an
isolated island. If thereisjust the right amount of capacitance and real load in theisland,
the induction generator can continue to energize an isolated island. Induction generators
have lower surge capacity than synchronous generators so their ability to support motor
starting is reduced. The output drops rapidly as voltage collapses, so they have relatively
low fault contribution.

Self-Commutating Inverter: Invertersconvert DC electricity to AC power by rapidly
switching DC power of the appropriate polarity on and off. A self-commutating inverter
doesall of therequired switchingitself. Asaconsequence, aself-commutatinginverter can
control frequency and voltage, real and reactive power, andissuitablefor poweringisolated
or interconnected loads. Invertershavereatively low surge capability and fault contribution,
often not much more than the normal rated output.

Line-commutated Inverter: A line-commutated inverter relieson the power system
aternating current passing through zero twice each cycle to perform half the switching
operations. Thus, it cannot control voltage or frequency, consumes reactive power, and is
not suitable to power isolated loads. Unfortunately, as with induction generators, this
characteristic cannot berelied upon to guarantee that theinverter will not support anisolated
island. If there is just the right amount of capacitance and real load in the island the
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Congestion pricing can be good or bad for individual distributed resources but it will
primarily be good. Loadswould like to locate at low-price locations, on the generation side
of congestion, but thismay not alwaysbe possible. Distributed generators shouldtry to locate
at high price locations, on the load side of congestion. Loadsthat locate on the high-priced
side of congestionfor other business reasons will find the addition of distributed generation
to be more attractive. Similarly, controllability of theload has more value on the high-priced
side of congestion than on the low side.

Congestion relief also rewards response speed. Congestion is only somewhat
predictable and usually only lastsfor afew hour at atime. Resourcesthat deploy quickly are
better able to respond when prices change unexpectedly. Similarly, if regional rules are set
appropriately, distributed generation or agile loads can allow congested transmission to be
loaded more heavily. Generators and/or loads are poised to respond if thereis a contingency
rather than reserving transmission capacity for contingency response.

Regulated transmission and competitive generation conflict when it comes to
investment. An investor in DR expects to take the normal commercia risk that another
investor may choose to locate nearby and compete. The market will decide which of the two
competitorsis preferred. But transmission investment decisions are made in the regulatory
arena. Transmission’s costsare amost al capital, so once the decision ismadeto invest, the
costs are sunk. The investor in DR technology that is counting on serving a high-price
congested arearunsthe added risk that aregulator or RTO will decidetoinvestintransmission
and alleviate the congestion. At that point, even if the distributed technology is the better
economic choice, the distributed resource will 1ose because the transmission cost is sunk,
margina cost is zero, loca prices drop, and the regulatory environment guarantees the
transmission project’s profits.

Intermittent remote resources such as wind are the most vulnerable to transmission
pricing reform if they are located on the wrong side of transmission congestion. Being
intermittent it is difficult to economically reserve transmission capacity as it may not be
needed during any given hour. They also do not have the option of rescheduling production to
times when the transmission system isunconstrained. Sincetransmissionisstill regulated it
may bebest to try to obtain regulatory relief based upon the societally desirable nature of their
generation.

6. AGILE MARKET RESPONSE, A VISION OF HOW THE SYSTEM CAN WORK

Distributed resources are likely to interact differently with the power system in the
future. A distributed generator wishing to interconnect withthe power system today facesan
install ed distribution system with set protection schemes, saf ety procedures, reliability rules,
tariffs, and market structure. The utility may not recognize that adding distributed generation
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to the existing resource mix benefitsthe power system. Penetration of grid connected on-site
generation remains low, so this is likely the only distributed generator on the feeder or
substation. Consequently, utilities expect the distributed generator to accommodate the
genuine physical and commercial constraintsof the power system. Utilitiesdo not expect that
the power system to incur large costs, at the expense of the majority of users, for the benefit
of afew users.

For example, islanding a portion of the distribution system is currently considered a
serious safety risk. The utility requires the owner of the distributed generator to ensure that
the generator cannot energize adistribution linethat isintended to bedead. If the utility supply
to the lineisinterrupted, the distributed generator must detect the departure of the utility and
de-energize the line too. In many casesthere may be no economic alternative to this mode of
operation for existing distribution lines, as reconfiguring an existing feeder's protection
scheme could be very expensive. The implementation and expense will be debated, but the
basi ¢ philosophy of de-energizing under adverse conditions may be economically unavoidable.

From the perspective of the overall system, however, thisis not a desirable design
philosophy becauseit defeatsaprimary benefit of distributed generation, increased reliability.
It would be much better if the distribution feeder protection scheme was designed to exploit
the distributed generators' ability to support an islanded system. The distributed generators
couldsell backup supply to other customerson thefeeder, benefitting all partiesincluding the
host utility.

Althoughit may be necessary to accept reduced benefitsfrom distributed resourcesfor
the present, designers of distribution expansion should ensure that the full capabilities of
distributed generation are supported in the future. Utilitieswill come under pressurefor this
solutionfrom at least threedirections. First, asusersand distributed generation manufacturers
get more comfortable with basic energy production they will want to expand their range of
operations. Second, state regulators will continue to pressure utilities to accept greater
amounts of distributed generation. Finally, and perhaps most importantly, system operators
will recognize that distributed generation can sell reliability servicesto the system. System
operators tend to be conservative and slow to adopt new technology, but they also like having
alarge pool of diverse resourcesto draw upon when the power system isunder stress. They
may provide the strongest impetus for change, with the power system actively recruiting
distributed generation rather than fighting it. This may occur more quickly as FERC
encourages RTOs since the system operator will organizationally be at greater distancefrom
the traditional large generators.
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Figur e 4 Resources that can respond to fluctuating prices should be alowed to
participatein bulk power marketsfor energy and reliability asthislargeload does.

The power system of thefuture may fully integrate DR into energy and ancillary service
markets. Pricesfor energy and theancillary serviceswould change hourly (or faster) to reflect
current system conditions. Asthe system became stressed prices would rise. Broadcasting
priceswould allow all resources—loads and generation—to respond and mitigate reliability
concerns. Price would be the dominant means of achieving desired response, not command-
and-control signals. Loads and generatorsthat could not respond, dueto their own economic
or physical constraints, would be free to continue operating as their internal requirements
dictated. Commercial financial instruments would replace regulatory rate design to shield
those unable to respond from the volatility of markets. Those that could respond would
receive the economic benefit. Aggregatorsand marketerswould help both the system operator
and individual generators and loads by bringing together resources with complementary
capabilities. Automated decision tools would likely handle interactions with energy and
ancillary service marketswhile still leaving DR ownersin control of their own facilities. By
watching the market for some time each participant could decide if investing in additional
flexibility would be profitable for them. Flexibility could be gained by adding distributed
generation, controlling their load, or adding forms of storage. Thisprocessallows marketsto
optimize the power system and theindividual participants busi nesseswhile minimizing central
planning and control. Asshown in Figure 4, some loads are currently able to tap bulk power
markets and significantly reduce their power costs by maintaining sufficient flexibility that
they can maneuver as fast as the bulk markets require. Hopefully this opportunity will be
extended to al loads and distributed generators in the future.
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7. CONCLUSIONS

The future for DR is uncertain. The technologies for distributed generation, storage,
and load-control are advancing at arapid pace. Communicationsand control technologiesare
making similar progress. Distributed resourcesare, or will soon be, at apoint wherethey can
make amajor impact on the physical operation of the power system intermsof reliability and
economics. Price-responsive load is probably the largest untapped resource available. The
extent to which these resources are allowed to participate in energy and reliability marketsis
an open policy question.

Distributed resource's ability to help system reliability depends upon a number of
factors.

# Will interconnection standards prohibit distributed generators from being able to
supply reliability services (ancillary services) by forcing themto trip off linewhenever
voltage or frequency deviates?

# Will ancillary service standards adopted by NERC and the regional councilsbe defined
in terms of the historic large generator technology or will those definitions be
technology neutral, allowing distributed generation and load to participatein ancillary
service markets?

# Will tariffs be changed such that DRs see real-time prices for energy and ancillary
services and thereby be provided with incentives to respond to system needs?

# Will communications, control, and metering technol ogies support the rapid response
required for DR to supply ancillary services?

# Finally, will the DR technol ogiesthemsel ves provide sufficient controlled responseto
be of usein supplying reliability servicesto the bulk power system?

It seems likely that the political and regulatory process will resolve these issues in
favor of DR. The match between theinherent capabilities of DR and system reliability needs,
as expressed in the ancillary services markets, are good. The real-energy load/generation
balancing services of regulation, load following, frequency responsive spinning reserve,
supplemental operating reserve, and backup supply valuefast controllable resources. Higher
prices are paid to faster responding resources that can provide the higher quality services.
Participation in these markets depends on the resource being able to receive and respond to
the market prices for each service. A massive infusion of fossil-fuel distributed generation
into the market can help renewable based distributed generation by eliminating some of the
barriers to full participation. The service each resource can sell will be determined by the
physical capabilities of the individua installation.

Three other factors are compelling the current push to devel op distributed generation.
First, the efficiencies of smaller generators areincreasing, with combined-cycle combustion
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turbines nearing 60% efficiency. These machinesarelarge by distributed generation standards
but small when compared with 1000-MW thermal plants. Microturbines are commercially
available and efficiencies are expected to rise. Internal combustion engine efficiencies are
also rising, nearing 40% for advanced engines. Second, the relative abundance and low price
of natural gas makes this the fuel of choice for distributed generation, greatly reducing
pollution concerns. Third, the low capital cost and short lead times of distributed generation
isamuch better match to today’ s competitive marketsthan traditional large generatorsthat can
take 10 or more years to compl ete.

A critical distinction from past use of controllable load is that the DR owner must be
incontrol of theresource, freeto enter and | eave each market based on the owner’ sneeds. The
resource must be bound to commitmentsto provide servicesthat it has agreed to provide but
these agreements should be in alignment with hourly markets, not multi-year obligations.

Aggregationisboth necessary (the system operator cannot directly deal with thousands
of responding entities) and a benefit (the statistical response of thousands of small
independent entities is much more predictable than the response of asinglelargeentity). The
communications requirements, interms of the required speed and the number of entitiesthat
must be communi cated with, are daunting but advances in communi cations technol ogy appear
to be up to the task. Market provision of ancillary services, as opposed to the vertically
integrated utility’ s command-and-control system, requiresthat prices be negotiated through
abidding scheme before each market closes. Faster communications will be required when
deployment of reserves is required, but this type of signal can be broadcast to all the
responding resources, it need not be specific to each entity. Certification and after-the-fact
metering can replace real-time monitoring of each distributed generator or responding load.
Aggregators will provide a valuable service by assembling DR collections to present large
blocks of controllable power to system operators.

Hopefully, marketswill devel op to provide the opportunity, flexibility and pricesignals
required to fully integrate agile loads, distributed generation, and local storage fully into the
power system. This should raise system reliability while optimizing the economic
performance of both the participating customer and the power system.
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