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Trangmisson Sysem Operation
and Interconnection

Fernando Alvarado
The Univergty of Wiscondn
Madison, Wisconan

Shmud Oren
Univerdty of Cdiforniaa Berkdey
Berkdey, Cdifornia

Introduction

Saed Smply, the ultimate objective of the tranamisson sysem isto ddiver dectric power rdigbly and
economicaly from generatorsto loads Power sygemsare large, highly complex, ever-changing sructures
that mug repond continuoudy in red time. Electricity mug be produced and ddlivered indantaneoudy
when it isdemanded by aload. Power outages are not acceptable, 0 the sysem mug Ao tolerae sudden
digruptions causad by equipment failure or weather. And the sysem mus perform as economically as poss-
ble, with transactions and sales monitored accuratdly.

Another diginctive feature of the dectricity sygem isitsinherent dynamic effects which mug be consdered
a dl timeseven though they are difficult to explain and fully anticipate. Dynamic effects can beillugraed if
we liken the power sysem to alarge balroom with many chanddiers Each chanddier (sydem load) is con-
nected to one or two other chanddiersby (big) rubber bands (the tranamission lines). At drategic pointsthese
rubber bands are d 0 atached to the caling (these rubber bands which support the whole gructure by beng
atached to the cdling, represant the generators supporting the sysem). The whole Sructure is quite precari-
ous Not only mug it be grong enough to support the chanddiers but theloss of any rubber band mug d<o
betolerated. Because the loss of arubber band will st the whole pattern of chanddiersin ogtillatory motion,
the sygem of interconnecting rubber bands (the trangmisson sysem) mug be desgned <o that thes otilla
tionsdo not become degructive and cause some or dl of the whole ensamble to crash to the floor.

This paper addressesthe operation of the U.S dectric power sygem in itsevolution from ahigoric gruc-
ture of regulated, verticdly integrated, regiondly franchisad utilitiesto the present-day market in which
competition and entry by new participantsis encouraged. Our ecific focusisthe impact of thisindusry
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resructuring on sysem operations Our analyds presumesthat the current Sructure of interconnected gen-
eratorsand loadswill not be fundamentdly dtered. Examples of fundamentaly different sructuresfor the
ddivery of dectricity that are not consdered here indude such posshbilities asthe provison of dectricity to
cusomers by means of isolaed, digributed generaorsa every cusomer ste. Another dragtic dternative
that we do not consder would betheuse of direct current (DC) tranamisson asthe backbone of the entire
sydem. The cog of thisdternaive for the entire grid would be prohibitive. We presume that if these more
radica optionsareincorporaed to some degree, they will be integrated into the exiging, conventiond dter-
nating current (AC) generaion supply and ddivery scheme. New generation is presumed to be ether con-
nected or connectable to the exiging grid. Likewise, we presume that control of the sysem will continueto
require red-time coordination between production and consumption, so we do not address eectricity Sorage
(dthough increased use of energy sorage whenever the economicsjudify it can be readily incorporated into
the current or any future sysem gructure). The main impedimentsto energy forage are the cos and the
efficiency of the technology (a great ded of sored power islog onceit isreconverted back to dectricity). In
short, aswe address power sygem operations and interconnection, we assume that mog of the fundamentd
requirementsfor sygem operation cannot change athough the rulesfor operating the sygem might (and
mog likdy will) be dtered.

Traditiond power sysem operaion rdieson the conoegpt of independent but coordinated functioning of mul-
tiple “control areas” A control areaisa (usudly contiguous) portion of the sysem (lines trandormers genera
tors loads and other equipment) under the supervison and control of asngle operator (or group of
operaorsa adnglelocationsor under asnge adminigrative gructure). Control center operators maintain
the sysem'sintegrity—prevent outages and insure rdliable operation—Dby following rdiability rulestha every
control areaenforces Therulesare intended to baance supply and demand without cresting overloads con-
gegtion, or other gmilar problems Operations are basad not only on maintaining a balance between supply
and generation but d<o on controlling the frequency of the sysem in adigributed manner. Qufficient reserves
are provided throughout the sysem <0 that it can tolerate the loss of any one component a any time (the
“N-1 criterion”). We do not anticipate tha ether requirement will change asreault of regructuring.

The remaning sections of the paper address sysem operations as follows
» Traditiond operating policies and protocols asodiated with therole of operators
e Theevolution of sysem operaionsinto acompetitive environment by conddering two modds

e The"“rdiability-driven modd,” in which markets are permitted to operate but rdiability
concerns limit which transactions can take place, and, when necessary, previoudy
goproved transactions are curtailed in the name of rdiability,

and

*  The"market-driven modd,” in which the objective isto creste amarket that vauesrdi-
ability suffidently and isnimble and precise enough that rdiability problems are solved
by market reponsesto price Sgnas which reflect sysem limitsand thereby embody
reliability rulesin the prices paid to generatorsor paid by consumersat varioustimes
and locations
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e Additiond possbledirectionsin which sygem operaionsand the tranamisson grid might
evolve

e Alternative scenarios and gecific recommendations

The objective of this paper isto ddineste the conditionsthat will permit the cregtion of a power sysem
that supportsand encourages competition without compromising rdiability or operability. An underlying
premisisthat aproperly desgned market sructure that reschesdl the way to sygem operaions(i.e, an
increasad use of markets for meeting operationd needs) will yied higher throughput of dectricity and more
gopropriate utilizetion of the trangmisson grid than iscurrently the case. Such amarket should include suf-
fident incentivesto grid operatorsto maximize ther throughput not only in red time but aso through
greater use of exiding asets eg., by optimizing maintenance schedules, increasng live maintenance, main-
taining appropriae inventories of are parts and components and usng dynamic line ratings to maximize
grid utilization. In the long term, this market sructure should o encourage gppropriate trangmisson grid
expangon.

Traditional System Operation Policies
and Protocols

The primary, traditiond objective of power sysem operaion isto mantan sysem integrity. Thismeans
that uncontrolled cascading outages mug be prevented. Maintenance of sysem integrity isreferred to as
“security.” Closdly rdated to the notion of security isthe notion of “rdiability.” Although we usetheterms
interchangesbly in this paper, rdiability is generdly undergood to indude the concept of adequacy of sup-
ply, which meanstha methods for procuring reiability can be devised. At bottom, however, both termsrefer
to the avoidance of unintended blackouts

The sygem isexpected to maintain itsintegrity and continue to operate properly without amgor disruption
even when acomponent falls For example, if an overhead line fails because of alightning grike, the reulting
fault requiresthat the line be taken out of serviceimmediately to prevent afurther expangon of the problem
or damage to sysem components T he protective rdaying sysem isdesgned to accomplish thisautomaticaly
and more or lessingantaneoudy. The overdl power sysem should, however, continue to operae even with
thisline out of service and in Site of the trandent diguption caused by the fault. Likewise, even if the largest
generaing unit were to suddenly go out of service for any reason, the sysem should be able to recover and
continue norma operation. Norma operation meansthat (1) the frequency of the sysem sayswithin accept-
able bounds (2) dl voltagesat dl locations are within required ranges (3) no component is overloaded
beyond its gppropriate rating, and (4) no load isinvoluntarily disconnected. The North American Electric
Rdiability Council (NERC) has, over the years, developed anumber of criteriaintended to assure thisdegree
of sygem rdiability and security. Regions such asthe Wesern Sygems Coordinating Council (WSCC) and
the Electric Rdiability Coundl of Texas (ERCOT) follow Smilar objectivesand protocols

A sscond traditiona objective of power sysem operation isto minimize operating cods Thus a sygem oper-
aor traditiondly had two roles to asure rdiability and, in effect, run ared-time market. When conditions
weretight, security would take priority. Otherwise, economy of operation dictated the operator’s objectives
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Tools for Managing Operations

In order to accomplish the two (sometimes conflicting) objectives of security and economy, sysem oper-
atorshave a thear disposd anumber of toolsto manage the sysem in red time. These tools range from
Qupervisory Control And Data Acquidtion (SCADA) sygemsthat monitor and display the gatus of the
sydem in red timeto more sophidicated tools such as Sate Edimator programs. A Sae Edimator program
gathersdl avalable tdemetry data (red-time messurements) on the sysem and gives a complete, red-time
picture of sygem gatus An accurate, error-free picture of what isgoing on in the sysem isan important
precondition for running the sysem rdiably.*

Operaorsd have meansa their digposa for direct control of the tranamisson grid. These incdlude control of
awitching operations (inserting or removing linesand/or trandormers), shunt injections (usudly reactorsand
cgpaditorsingrted a buses mainly asameansto regulate the voltage profile), and control of regulating trans:
formersand other sries and shunt-adjugtable devices Operators can d<0 adjust sydem areasat pointsto hep
regulate sysem frequency, control flows on exportdimportsto/from other sygsems and maintan the Area
Contral Error (ACE) within gecified bounds ACE isthe difference between thetotd power exported by a
control areaand the intended exportsfrom the area, plusacomponent tha representsthe required contribu-
tion by that areato the control of sygem frequency. Control of interruptible load isd< often within the
purview of an operaor. In emergencies many operators d<o have control of feedersand ordinary sysem load.

Control Areas

Control aress are centrd to sysem operation and interconnection and have well-defined boundaries. Flows
of power across control area boundaries are dways metered and monitored. Although it may be possbleto
operate alargeinterconnected sysem functioning as one control areg, the practica difficulties of doing 0
have been insurmountable to date. Even if the entire grid were to be integrated and operated asasngle
wholeg, it islikdy that the notion of control areaswould survive in some form asa practicadl meansto attan
digributed, decentrdized, and redundant control. NERC is currently reviewing the notion of control aress
in order to better adapt it to a competitive environment.

For both higorica and practicd operaiond reasons every location in the sysem isasigned to acontrol
area. Every control areain the sysem is“repongble’ for baancing its generation with itsload because the
amount of dectricity generated mug equa the amount of dectricity consumed, pluslosses Whenever there
isinqufficient generaion, the entire sygem “dowsdown” (i.e, the frequency drops). The opposte occurs
when there is excess generation. Because the entire interconnected sysem is<o large, it ismog precticd to
baance generation and load on an area-by-areabass However, it isnecessary to precisdly measure how
much power isbeing exported or imported by an areato know whether the areais bdancing its generation
and load. Gathering thisinformation requiresthat every line or trandormer connecting an areato any other
area be accuratedy metered and monitored in red time, and dl measurements be aggregeted a a centrd loca
tion s0 that an accurate ACE can be monitored.

Improvementsin the area of metering, monitoring, and gate esimation are dgnificant gepsin improving the trans:
misson grid. Although many improvements are currently technically feesble, invesment in them hasnot been forth-
coming for many of the same reasonsthat invetment in new transmisson has been lagging.
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Rdated to the notions of control area and ACE isthe concept of uningructed deviaions Asatemptsare
made to adjugt the ACE for each areq, errorsinevitably accumulate because the control actions of generators
(or loads if permitted) arein redity different from what wasintended or ingructed; these are uningructed
deviations From these deviaions arisesthe notion of “energy imbaance’ asan andillary srvice. Conggent
errorsin onedirection or the other by a number of participants (dong with random changesin demand)
adso giveriseto frequency drift, which mug be corrected with frequency regulaion. In traditiona sygems
uningructed deviations have been handled by having sysems “pay back” the energy a alater corresponding
period (pesk or off pesk). This gpproach hasworked well over the years but aswe shdl see below, it needs
to berevidted.

The quetion of whether the sysem would be better off with more or with fewer control aress (or whether
control arees might be replaced by a superior concept) hasnot yet been answered. It may be desrable to have
more numerous Smdler control areasto avoid communication problems handling of large amounts of data,
and complexity tha might make the sygem difficult for operatorsto underdand. More control areas however,
meen greeter need for coordination among them and a condderable increese in the number of monitored tie
linesthat mug be precisaly accounted for a dl times Fewer, larger control aress, however, might make the
sygem more vulnerable to the effects of failure of one control center. Onekey paint isdear: dl control aress
ned to follow uniform (or & least compatible) practicesfor both rdigbility and busness activities

Generation Redispatch

In traditiona power sysems an additiond tool for sysem operatorsto maintain secure operation of the
sysem isgeneration redigoatch, in which operators send ordersto generatorsto increase/ decrease their out-
put basad on sygem security neads In many sysems, operators have accessto toolstha permit them to edi-
mate the cogt (a proxy for price) of their actions Thus operaors generdly have a least Some awareness of
cods Incressingly, however, alarger portion of sysem generation (and a<o of load) isbeing bought/sold
under merchant contractsthat goecify oecific levels of production a any given time. This effectivey dimi-
nates adjugment of generator output asaprimary tool for maintaining sysem security unless contracts are
written to grant the sysem operator thistype of control. One approach to returning this control to the oper-
ator isto have generators offer incrementa/decrementd (inc/dec) bidsfor ther output. That is generators
indicate the price a which they are willing to increase their output by one MW (inc bids) or decrease their
output by one MW (dec bids), with limitsfor both. Thisarrangement permitsthe operaor to reschedule
generation asbefore a an explicit price. If an inc bid isexercised (ageneraor isasked to increase its out-
put), the price of increasng the generator output by one MW becomesthe margind price of dectricity a
the generator location (thiscog isaso known asthelocationad margind price, or LMP).

Depending on the desgn of the market, the cogs of redigpatch can be either absorbed as part of the cog of
gydem operaionsand paid by dl participantsusng acog gructure in which these expenses are shared, or
these cogs can be charged to those “repongbl€’ for the nead to incur redigpatch cods It ismore efficient to
avoid the sharing of expenses by dl because this gpproach tendsto create incorrect incentives, dthough for
practica reesonsand in cases of “common good” fadilities some sharing of cogsby dl is sometimes neces:
sxy. An example of thistype of stuation would occur when a badly located generator for the conditions
may dect to produce power because it knowsit will be paid the sygem price (which ishigh), thus heping
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creste congegion and preventing other more vauable trades from taking place. The operator isthen forced
to incur aredigoatch cog to diminate the congegtion, but snce al share on the resulting added cog, the
party mog repongble for the congegtion benefits

Security

Sysem security isachieved by making sysem operation tolerant of the outage of any component (some mul-
tiple outages are d <0 congdered). That is the outage of any sngle sysem component (or predefined st of
components) should not cause a cascading outage of equipment that leadsto atotd or partia blackout. The
sydem should be sscure even when an outage isthe reault of a*“shock” such asashort circuit or fault on a
component prior to the component’s outage. A sysem that isresgant to the outage of any one component
issad to be N-1 secure. In aplanning time frame, N-1 security meansthat the intact sygem mus be ableto
tolerate the outage of a component. In a planning timeframe, some alowance is often made for limitations
that the sygem will encounter in red time. Oneway in which thisis sometimes done isby conddering the
smultaneous failure of any one line and any one generator when doing planning time frame gudies In an
operationstime frame, however, N-1 security meansthat the current sysem mug be ableto tolerae the
“next word” contingency. Because an actua operating sygsem may have dready susained the outage of one
or two components, thisistantamount to operating the sygem in an N-2 or N-3 condition from the plan-
ning point of view. Previous contingencies are “sunk events’ from the pergective of sygem operations This
meansthat, once a contingency occurs, meeting the N-1 criterion means consdering the dtered sygem, not
the origind sysem, asthe new base case to which the criterion mug be goplied.

It isdmog universaly accepted that N-1 security isfundamentd to sysem operation and that achieving this
level of security isin roughly the same category as making sure that generation meetsload: it mug be done,
regardless of cog. However, once the god isto make the sysem N-2 or N-3 secure, cog and other dmilar
condderations enter the picture. Operators have traditiondly handled the threat of multiple contingencies
adaptivey. For example, operators have been known to “move’ generation dosr to loadswhen sorms
gpproach and the likdihood of an outage (or multiple outages) increases “Moving’ generation means
increasing generaion a alocation near theload and reducing the output of generatorsfar from the load
(these actions mug be taken together because baance between generation and load mug be maintained).
Because of losesin the sygem depend on the pattern of flowsin the tranamisson sysem, and changesin
losses d 0 depend on trangmisson sygem gatus an increasein load by 1 MW may require more or lessthan
1 MW to atan anew sygem equilibrium. By moving generation around under sormy weether conditions
operatorsare, in effect, tregting the westher asa contingency. Formdizing criteriafor taking such messuresis
not aways easy, but effortsare under way to do 0. In atraditiond environment, the cogs of such redigpatch
are borne by dl, but in a competitive environment these cogtswill be differentiated by time and locetion and
borne in accordance with the margind price of dectricity & any point in gpace and time. That is every node
in the sygem hasa possbly unique margind locationd price for dectricity (an LM P) which, in theory,
reflects the cheapes way to ddliver one additiona MW of dectricity to the location in question without
exacerbating problems on any line or other limits

To maintain N-1 (or better) security and achieve a secure operating point tha isresgant to cascading fail-
ures requires sverd preconditions
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* Thesysgem mug have sufficient Spinning reserves Pinning resrves are generatorsthat can
ingantaneoudy increase their output when a decrease in frequency sgnasthat load is
exceading generation. If there are sufficient gpinning reserves sysem frequency will, after
theloss of the largest generator, automaticaly settle to a new, acceptable vaue asareault
because a aufficient number of other on-line generatorswill immediatdy pick up the defi-
cency. Generaorsdready a ther limit plusother generatorsthat do not have Automatic
Generation Control (AGC) cannot be counted on to provide gpinning reserves (The outage
of acomponent may be caused by afault, which may pose additiond problems of adynam-
ic nature)) Thereisno fundamentd reason why demand (load) could not provide pinning
reserve by reducing consumption in reponse to a frequency drop. Traditiondly, demand
(particularly induction motor loads) provides gpinning reserves by reducing consumption as
the frequency drops However, thisautomatic reduction does not take place in mogt new
adjugtable-gpead drives (ASD9), which are dectronic motor controlsthat adjus motor goeed
independent of sygem frequency (unless programmed to do otherwise). The increased pen-
etration of ASD loadsisreducing the “freg” spinning reservesthat loads have traditiondly
provided to the sysem.

* Thesydgem mug have sufficient supplementd reservesto maintain sygem integrity after the
initia shock of a contingency. Asthe reault of an initid outage, some components may end
up operating beyond their suganable capability or may offer the sysem only limited-term
asggance In @ther case, it isnecessary to resore operating conditionsthat are suganable
more or lessindefinitey o that the sysem isready to sudain afurther outage without a
mgor cacading failure. In effect, the objective of supplementd reservesisto re-establish
inning reserve margins

e Both typesof resrvesmug be located s that they can ddiver power as needed for every
possible outage condition. While spinning reserve isbeing relied upon, thisddivery takes
place more or less automaticdly. When supplementd reserves are needed, it mug be possi-
ble to rapidly maneuver the power sygem to a condition in which it is capable of ddivering
the needed power. Such power readjusgment mug be possible after every event.

Thereislikdy to be atradeoff between the location of reserves and the grength of the tranamisson sygem.
If the sygem’s trangmisson capability isvery limited (or fully utilized), reservesfor possble contingencies
mug be provided “locdly’ S0 tha tranamisson isnot necessary to accessthe resrves If the trangmisson sys
tem has ample capacity avallable, the use of remote reservesis practica. For radid dtuations this assessment
isquite smple. In contrag to anetwork, aradid sysem hasno loops and has only one way of sending
power viathe tranamisson grid; if tha onelink fails the sysem isdisconnected. The only options after the
loss of thelink areto generate power localy or to reduce load. In network Stuationswith many possble
contingencies and changing flow patterns the assessment of adequacy of reservesin rdationship to the avail-
ability of transmisson capacity can be adifficult problem. If acontrol areardieson remote reserves the
trangmisson sysem mug be able to ddiver the reserve power when and if required. Although the diginction
between radid and network dtuationsis complex, proper handling of the complexities and subtleties of net-
worksisthe key to proper operation and desgn of power transmisson grids
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A comment pertaining to rexrves (sswdl asother “ancillary services’) istha reserves and energy markets are
in asense complementary in grid operations but are subgitutesin energy markets As power markets mature,
the market gructure may evolve to encompass more open-market ingruments, such asforward trading (this
refersto the purchase of power ahead of the time whereit iswanted rather than rdiance on the spot or red
time market for dectricity). Another gructure that can help with assuring adequacy of reservesthat might
evolve isthe sdf-provison of resrves where anyone in need of reserve servicesisrespongble for providing it
themsdves

Traditiondly, operators have relied on experience, training, and prior off-line sudiestha secify parameters
(often in the form of diagrams or nomograms) that indicate whether the current condition of asydem is
acceptable from a security point of view. Today, more and more operators do rely on sophigicated power-
flow and contingency-analyds software that can asess sygem conditionsin red or near-red time. Nomo-
grams continue to serve a useful purpose to account for red-time incorporation of gability limits If sygem
conditions are determined not to be acceptable, the operator generdly hasat hisor her digposd thetools
mentioned above to hep addressthe problem.

Balancing generation and load

A sysem operator isin charge of frequency regulation in addition to sysem security. Electric power cus
tomers expect that power will be asnusoida AC voltage waveform of 60 Hertz? Many sygem and end user
componentsrely on thisfrequency. However, without some control of frequency (frequency regulation), the
frequency would quickly drift outdde acoeptable bounds asaresult of even dight imbaances between gener-
aion and load. Responghility for frequency regulation isamog universdly organized based on control
aress Asmentioned above, every formadly defined control area mugt match its generation to itsload. NERC
rules (CPSL and CPS2) specify exactly what ismeant by proper baancing of load and generation. These two
rules recognize the random nature of sygem variations and require the balancing of production and demand
over dedgnated intervasrather than at precisdy dl times (which would be virtudly impossble). If a control
area has “undergenerated” over ashort period, it isexpected to “overgenerate€’ to compensate for the short-
age Thisisaccomplished by adjuging the ACE st point to increase the output of generatorswithin the
control area. In other words, areas adjug ther generaor outputsif necessary in order to baance power.

In addition to balancing load and generation, control aress handle transactions Transactions are scheduled
when the importing area schedules a net import and the exporting area schedules a net export. Even when
privete partiesfrom different areas engage in transactions the ACE mug be adjused. In atraditiond opera-
ing environment, errorsin energy exportsor imports (“inadvertent errors’) can accumulate. According to
traditiond rules energy errorsmug be “paid back” in alater corregponding period (pesk or off-pegk). This
ruleimplicitly asumesthat (1) the accumulation of error issmdl and unintended, and (2) al pesk-period
energy has approximatdy equa worth asdo al off-pesk-period energy.

No mater how good energy-baancing rules are, some frequency “drift” can deveop because of duggish
response of frequency regulation equipment, dight metering errors and random factors asareault, another

2Thisvoltageis expected to ogtillate between amaximum podtive vaue and amaximum negetive vaue 60 times per
second, in a“smooth” manner following the shape of amathematica sne wave. Departures from this waveform are
cdled “harmonics” Departuresin the frequency of ostillation are cdled “frequency deviations”
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role of the ACE has been to bias generation to regulate frequency sysem wide. The definition of ACE incor-
poratesaterm that becomes negative when the frequency isaboveits st point and posdtive when it isbeow
itsst point. An additiond correction can be made to the ACE in order to maintain the exact number of
cycles over every time period (time correction or isochronous control). Thistime correction control isdone
by temporarily adjuging the st-point frequency.

Operating the System Economically

In addition to maintaining security and regulating frequency, atraditiona sygem operaor wasadso in charge
of sygem economy. Thismeant that the operator sought a generator digpatch pattern that was not only
secure but was as economic to operate as possble under the security criterion in effect (for example, the N-1
criterion). With agiven mix of on-line resources no condraints and no loses the optimum operating point
isknown to bethe point & which the margina cog of production isthe samefor every generator. When
trangmission losses are taken into condderation, pendty factorsor other schemes can be used to determine
the optimum operating point by adjuging the margind cog of production according to the location of each
generator in the sygsem. When condraints (or contingencies) mug dso be conddered, the problem becomes
one of condrained economic digpatch. Finadly, when the operator aso takesinto condderation other controls
available (such astap adjusmentsor voltage s#ttings), the problem becomesin effect a nonlinear condrained
optimization problem, better known asan Optimum Power Flow (OPF). In other words, the sysem opera-
tor can use generator outputsdone, or can use additional means of control in order to make the sysem
work better. All traditiona sygems use some form of economic dipatch.

Condraintsincrease operaing coss Thus the exigence of atranamision congraint in atraditional power
gdem opaated tominimize cod causes a higher operating cog than if the congraint were removed. To the
extent tha diminating atrangmisson congraint permitsamore efficient operating point, greater tranamis
don cgpacity lowers operating cods If the condraint isin the flow on aline or trandormer, it doesnot fol-
low that merdy adding aline or otherwise increasang the capacity around the congraint will dwaysresult in
lower operating cods It ispossblethat such actionswill Smply “move’ the condraint to a different (and
perhaps less desrable) location, with negative consequences for the sysem. Examples of rdocating con-
draintsby adding capacity exig in both theory and practice. An additiond issue isthe possihility that there
may be multiple waysin which a condrant can be addressed, in whole or in part.

Tightly coupled to the problem of digoatch are the problems of operations planning and unit commitment.
If an inaufficient number of resourcesare “on ling” (that is adready running and connected to the sygem)
it may not be possble to repond to a particular contingency without shedding load. Because security is
defined asthe avoidance of (cascading) involuntary load curtailment, involuntary curtailment of load is
amodg never acceptable To avoid load curtallments traditiona control sysems have relied on unit com-
mitment and operations planning to decide ahead of time which unitsshould bein service a any given
moment. Determination of the optima sthedule for unitsto be committed during any given period generd-
ly requiresthe solution of arather involved mathematica problem known asa multi-period dynamic opti-
mization. Thismeanstha one mus figure out not only the bes combination of unitsneeded to run the
sysdem a any given futuretime, but aso how that particular st of units affectsthe ability to run the sygem
a alater time, dnceonce aunit ison lineit isoften dedrableto kegp it on line (many units are desgned to
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have minimum “up times’). True optimization isdifficult to atain, so Smpler heurigics and gpproximations
are often used to make these decisons For example, the problem is often solved in “whole hour” intervas it
isoften solved for a one-week time horizon, and many unitsthat are “known” to be on (eg., nucear plants
arenot included in the mix. Another approximation often used isthe assumption of a“perfect load foreces”
over theintervd under condderation. Market dternativesthat shift some of the complexity of commitment
decisons away from an operator to market participants have proven succesful. Such grategiesincdude
rdiance on “sf-commitment,” where units decide on their own when they want to be committed. The
requirement that offered prices by any unit be monotonicdly increasang in quantity (even if itsmargind cos
of production decreases) isanother grategy amed a smplifying the operator’s task.

Additional problems of system operation

Some other key problemsrdated to sysem operation are complex and difficult to explain. Thexincude
dynamic problems (particularly the possbility of interregiond ostillations between interconnected sysems as
were experienced for severd yearsin the Western Interconnection), “loop flows” “unexplained flows” prob-
lems of reactive power and reactive power resrves and problems associated with flow-control devices (phase-
shifting trandormers, some siesflexible AC tranamision sysem (FACTS) devices and high-voltage DC
(HVDC) trangmisson lines). Interregiond ostillations arise dmog naturdly in reatively weskly coupled
sygemswith long transmisson lines because of interactions between the controls of the governors and the
excdtersof theindividua generators The prevention of such ogtillations generdly requires sygem-wide sud-
iesthat represent the dynamics of generators and ther feedback controls The mog effective solution to
these otillationsis often to ingdl Power Sysem Sabilizersat dl or a leas the mog important generators
Sabilizerswould not normaly be ingaled except in cases of extreme need because of ther cog and com-
plexity. (Although theinitid cog of purchasng agenerator with appropriate power sysem sabilizer capabil-
ity ishigher than the cog of a generator without this cgpability, the added cod & initid purchaseis
dgnificantly lessthan the cog of retrofitting a generator to add this cagpability.) All of these condderations
add complexity to the problem of managing sygem operation.

Because power sysem gabilizers cog money, individua generatorsin competition with one another would
not tend to ingdl gabilizers thereisno direct benefit to the individud generator from ingdling a sabilizer
unlessthe red-time vdue of agabilizer isegablished (under many conditions itsvauewill be zero, but on a
few occasonsthe vaue may prove to be extremdy high) or arequirement isesablished that dl generators
mug ingdl thisequipment and thus share in the burden of sysem gabilization. Joecificdly, the vaue of a
gabilizer may prove crucid only under certain highly unusud conditionsthat may result as a consegquence of
sverd component outages and/or unusud load or generation patterns

3A FACT Sdeviceisahigh-power dectronic deviceintended to rapidly control sygem flows and/or voltages FACTS
technology tendsto be expensveto ingdl and maintain but can dleviate many secific AC-sysem problems HVDC
refersto high-voltage DC trangmisson, in which arectifier isused to atain high-voltage DC power which is subse-
quently reinverted to AC power (possibly a a different frequency). The advantage of HVDC isthat it permits grester
isolation between two regions of a sysem than AC trangmisson. However, the converter gationsrequired a each end
of an HVDC line gations are expendve and subject to many technica problems Moreover, it isdifficult (some argue
that it isimpossble) to build large HVD C networks
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Application of the N-I Criterion

The N-1 criterion for sysem operation isdeterminigic. It requiresthat the sysem be ableto tolerate the
outage of any one component without disruption and does not concern itsdf with the probability of an out-
age. Even if an outage or contingency ishighly unlikey, the criterion isgill generdly gpplied because sygem
failure when a component islog isunacceptable. The cog of meating this criterion isnot quegttioned; the
criterion isgenerdly conddered asfundamentd asthe need to baance generation and load. (In practice,
some probabiligic consderations do enter into the criterion in the definition of what congitutesa credible
event worth guarding againgd. Thisissue isdiscussed in more detal in Kirby and Hirg, Reiability
Managament and Ovasdht, in thisvolume) The consaquences of afalure to balance generation and load are
immediate and measurable sysem frequency drifts However, consequences of falureto meet the N-1 crite-
rion may not be directly observable unlessacriticad component goes out of service. The absence of actud
contingenciesto reved the falure to meet thiscriterion can create the faseimpresson that a sysem isoper-
aing adequatdy when in redity it isoperating a gresat risk.

The gpplication of the N-1 criterion to generation outagesisillugrated in Fgures 1 and 2, which aso show
sydem reserves FHgure 1 illugratesthe generator outputs Figure 2 aggregates the outputs and the unused
portion of the outputs (the reserves). Figure 3 illudrates a possble stuation after one generator goes out of
srvice Likewise, Fgures 4 through 6 illugrate the N-1 criterion for line outages Initidly dl lines are beow
ther flow limits Fgure 4 shows conditions before the outage, and Fgure 5 shows conditions after the out-
age Fgure6 illugrates a case where inaufficient N-1 capacity has been reserved.

For radia connections the N-1 criterion may beimpossble to saidy; if thereisasngeradid link feeding a
particular load, thereisno way to prevent at leas some load outage if the link fails The only way to avoid

Figure 1. Four gmeating unitswithin onearea. The Figure 2. Thevetical doubleended arrow represntsthe
haght of the bax reoresntsthesze o theunit. Thedad-  sem demand (induding loses far Smplidty). The

ed area repremntsthe partion of theunit capability that dadked barsned toit illugrate how the genaratarsare
isbang utilized. Availability of resrvesisrepresnted by — mesting the demand and the paint at which tatal supply
theundaded area. For smplidty, only onetyped resrve  equalsdemand. Availableresrvesareillugrated by the
isillugrated. In redlity, rervesin svaal timeframesare  rightmod bar.

o inteed.
- o
E - R i =
— HHHH 5 5
. 7 £
n Hi M
| 77 N~ -
Generating unit . ’xﬂ Y

Transnision Sgem Oparation and Inteconnetion A-11



Figure 3. Outage of thelarget generating unit regquires
rdiance on remrves In thisexample we have asumed
that one of thefour gmneratarsgoesout of sErvice We can
sethat theavailableresrvesare enough to supply the
load. The arossd-out bar suggedsthat the autage of the
largeg unit invdved removal from the s/gem of the unit
itdf aswdl astheresrvesasod ated with the unit.

|
|
|
|
>l
|

Reserves

MW
Supply
Demand

h 4

Figure5. Flowsafte the outage d a line Thefaurth
flow in thisexample hasbem reducad by the autage The
N-1 aiteion isstidied because al new flovsare il
within acogptable bounds
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Figure4. The gperating condition flovson four patentially
limitingtrangmison linesareillugrated. Thesdid par-
tion illugratestheactual flow, and the unshaded regon
illugratesthe capability o theline (“transmison
regves). Honscan bebidiretiona even though ane
limit isusualy marelikdy than the ather. In thisexample
thepastivelimitson flovsaredosr to bang reached
becaue dl flovsarein thepostivediregion.

.

FHgure6. Honsafte theautaged a gneaatar. Unde thean-
ditionsillugrated, thesgem dossna stidy theN-1 aiteion
beausethe cutage o thegmeaata resltsin an oveloed o the
third transmisan fadlity (thenew flow isabovethelimit).
Thus athauch gmeation remvesmay beadeguate the
trangmisan s&em isunableto suppat theamtinganoy flow.




Figure 7. Disoonnedted (or weakly coupled) two-area
gdem. In dandard gperational termindogy, margnal
opaating adtsarerdered to astheggen . Thebdd
and unbdd sgmentsare usd to desgnate didind sup-

Figure8. Congrudion (or expangon) o interconnedtion
makesit posbleto gperatethe s/gem at lowver margnal
ads resiltingin cheaper produdion cods(that trandate
into end-user dedridty ratey for sdem B without appre-
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an outage would be to have ingantly avalable locd generation or an energy Sorage unit a every load. The
dternative isnot to connect loads radialy, which would be cogly and complex.* The nead for redundancy of
tranamisson capability isthe main reason tha power sysems are generdly networks

The N-1 criterion is often modified when increased security isimportant. In dtuationswhen it is obvious
that theloss of aline or corridor islikey (for example, when awesther paitern makesit very likely that a
leest some lineswill go out of service), the sygem can be operated in a more secure mode than usud, and
an N-2 or -3 criterion can be used. Thismeansthat the sygem could sugan two or three arbitrary and
smultaneous digruptions without a blackout or smilar failure. These operating criteriaare, not surprisng-
ly, more expensve to stisy than the N-1 criterion. A higher-order criterion isoften used when high secu-
rity isdemanded or when recovery to N-1 rdiability after a particular event would be particularly
difficult—that is if the N-1 event were to occur, returning the sysem to an N-1 secure sate would be
expendve or time consuming.

“Hogitasand other loadsthat are conddered critica are often connected to the grid a multiple points o they are
nonradia. Even in these cases however, ingantly available digpersed generation isusudly provided; mog loads of this
type have emergency generating unitson their premises
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Interactions between Generation and Transmission
for System Security

Therole of generation/tranamisson interactionsin determining a secure operating point isnot dways
recognized in traditiona operating environments In particular, there is some subgitutability between trans
misson and generation. For example, the sysem can a times make up for the outage of a generator by usng
another generator in the same control area, but & other times by usng a generator or generators dsawhere
in the sygem if aufficient tranamisson capacity isavalable The outage of any generator isinitidly fdt every-
wherein the sygsem asatwofold impact. Frg, adownward frequency drift begins everywhere, and, second,
the control areathat contained the failed generator will gart to see alarge ACE. Frequency drift is sabilized
initidly because dl generators and many loads are sendtive to frequency changes The export (or import)
from (into) acontrol areaisby definition aregulated quantity. However, asareault of the loss of agenera
tion and the fact that dl generators participate in maintaining frequency, theimmediae net effect on the
aeathat log the generator will be areduction in itsexports Only after the areawith the log generator can
readjug itsremaining generators output to accommodate for these reduced exportsisthe power that sup-
plied was by the log unit replaced with additiond loca generaion (locd reserves). Conversy, thelossof a
trangmisson linewill generdly cause aredigribution of flowsin the sygem. If the newmly redigributed flows
lead to overloads or other trangmisson sygem problems, adifferent generation pattern that isappropriate to
the newly limited tranamisson conditions mug be esablished.

Reiance on demand options during traditiond sysem operations has generdly been limited to certain inter-
ruptible load programsthat meet reserve requirements when conditions are tight. Although in recent years
there hasbeen an increase in the use and crestivity of voluntary cusomer load response programs there
remans much unexploited potentid for usng demand reponse to help manage sygem security. Some new
trendsin thisareaindude the discloaure of red-time pricesto loads the more aggressve use of interruptible
load programsin saverd regions, and the desgn of entire new ways of compensating cusomersfor the will-
ingnessto beinterrupted or curtaled. The emergence of dternativesto “dl-or-nothing’ power srviceis
another possihility, eg., dlowing cusomersto sgn up for guaranteed levels of service with anything beyond
those levels subject to curtallment. Improvementsin metering and metering technology will permit the sys
tem to take full advantage of voluntary load reponse. However, locd regulatory barriers and some consumer
groups oppodtion to the notion that dectricity should be treated as a commaodity have resulted in some
parts of the country being ether forbidden or rductant to adopt these demand response solutions

System Losses

Sydem losses mug be taken into account in sygem operations Mog sysem loses are asociated with series
losesin the conductors because conductors have resgtance, every line trandormer, and generator loses
ome power asit ddiversor trangmits energy through them. There are d o “shunt” lossesin some cable
sygemsand in overhead line arrangements but these losses are generdly far lessimportant than srieslosses

Condderation of sysem losses during operationsis quite important for sysem efficiency. Average losses can
account for two to five percent of totd sysem energy, and, on the margin, losses can be consderably greeter.
Incrementd lossesin the + Sx percent range are quite common, with incrementa lossesthat exceed 10 and
even 15 percent possble when thereis dgnificant reactive power flow. Ignoring losses or Smplifying the
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accounting of them can lead to subgantid economic inefficienciesasarexult of some generators being cho-
N as“mog economica” when in redity, asareault of thar margind losses a thetime, they are far from
economicd. Likewise, dedrable generaorsthat do not increase (and in fact may reduce) losses may not be
chosen because ther margind cos or bid may be dightly above some other less desrable generator. Thus in
admog dl traditiond sysem operations environments, some mechanism isused to account for losses

Because lossss vary dgnificantly over the range of sysem operaing capabilities only correctly computed
margina losses should be usad. A margind lossrefersto the change in losses due to the change in an injec-
tion of power a agiven location. Margind losses do not increase linearly with sysem demand, as some
would like to assume. The best method for computing margind losses during operationsis based on the use
of atrangposad Jacobian matrix® of the sysem evduated a the current operating point (Alvarado 1979). All
tha isrequired for thismethod isagood modd of the sysem and a knowledge of the sygem's dae

An accurate way to incorporate margina losses (used in many sysems) isthe use of carefully computed
pendty factors These factors are multiplierstha are applied to the margind cog (or bid) of every genera
tor (and in principle ao to every demand) to correct for the losses attributable to the power injection or
the demand. A pendlty factor of 1.1 gpplied to a generator a one location versus a pendty factor of 1
gpplied to another generator meansthat, under the posulated sysem conditions, 10 percent of the power
injected by thefirg generator will be disspated aslosses and none of the power from the second generator
will belog. A pendlty factor of 0.95 would indicate that for every MW injected & alocation, areduction
of 0.05 MW in losses occurs making thislocation desrable. In an efficient environment, credit isdueto
injectionswith penalty factorslessthan 1 dthough credit for lossreductionsisnot dways given in tradi-
tiond sysem operaions

An Optimd Power Flow (OPF) properly incorporatesthe consderation of losses 0 a ssparate anadyds of
los=sisnot required when onerdieson an OPF

A word of caution isin order with regard to goproximation of losses In traditiond sysems margina losses
have sometimes been computed by utilities based on “B codfficients” in which an gpproximate formulais
egablished for the losses as afunction of generation injections Although such aformulacan work reason-
ably wel for some sysems (particularly sysemswith known and esablished generation injection patterns),
the results of such approximations can be quite wrong for sysemswith trading and unusua flow patterns or
when conditions change. In many cases using pendty factors obtained from B coefficients can be less accu-
rate than uang no pendty factorsat dl. Thus the use of B coefficientsis not recommended.

Competitive Operation:
The Reliability-Driven Viewpoint

In the “rdiability-driven” mode of competitive market operation, trade isenabled by the poging of avalable
capacities and requirements of the sysem for those engaged in commercid activitiesand the setting up of

°A matrix with the derivative of every sysem eguation with regpect to every sysem variable It isused for many purpos
es, induding efficient solution methods for the load-flow problem (Newton's method), and for accurate determination
of incrementa losses and power trander digribution factors
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some form of reservation sysem to dlocate and gpprove permissible trades The operator retainsthe authori-
ty to perform adminigrative overrides of trades (including previoudy gpproved trades) when they impar sys
tem rdiability.

Reliability and Unit Commitment

In acompetitive environment, the problems of unit commitment and the necessity of having an gopropriate
available excess (resrve) generation can be resolved in a number of ways Because of the time lags associated
with the gart-up and shutdown protocols for many generating units (and aso the gart-up and shutdown
cogsfor these units), an appropriate organizationa dructure isneeded for deciding what units should bein
srvice (“committed”) a afuturetime The unit commitment problem can be addressed in various ways,
from “command and control” measures (d<o cdled “adminidrative solutions’) for ensuring rdiability to
purey market and contractud meansfor ensuring sufficient rdiability. From an operations viewpoint, reia-
bility depends on the units loads and tranamision equipment that are availablein red time, 0 it isimpos
sbleto entirdy separate the problem of operations planning and unit commitment from the problem of
providing rexrves Likewise, the ability to provide ufficient reserves or reserves from certain locationsis
entirdy dependent on the ability of the transamision sysem to support the trandersthat would be required
under contingency conditions

In order to assure an adequate levd of rdiability (incdluding a sufficient number of in-service units) sverd
choices (and combinations choices) are possble

e Soedid contractsand/or rulescan be put in placeto desgnate certain unitsas “mug run”
(or “rdiability mug run”), dlowing the sysem operator to require particular unitsto be
avallable for security reesonsunder dl or certain conditions Thistype of “outdde the mar-
ket” ruleisusgful for addressng potentid emergencies, unusud conditions and possbly
ome market power stuationswhen the number of choices available to an operator isother-
wise limited.

e In some markets (the PenngylvaniaNew Jersey-Maryland Interconnection or PIM, among
others), generators may if they wish bid multi-gep cos curvesaswel as gartup and shut
down cogsinto a centrdized market, dlowing the market maker to “take over” commit-
ment decisons Thismeanstha the bidder relies on the methods and agorithms of the
centra digpatcher to decide when to operate. Under these conditions however, the solution
chosen can change dragticaly with very amdl changesin ether the bids or the parameters of
the solution method used to choose the winning bids Thereisatendency for the method
to, for example, identify and choose one particular solution that grongly favors one market
participant and didavors another based on what amount to trivid differences Furthermore,
once aparticular participant hasbeen “shut out” of the commitment, it may tend to con-
tinue to be shut out even though subsequent changesin sysem conditionswould have
clearly favored the participant a the onsat (Johnson et d. 1997). In the sysems of the past
where both units were likey owned by the same owner, this made little difference, but, in a
competitive environment, it invitesdigoutes, and in the end thereisno asurance tha the
path taken did indeed reult in the lowes possble cogs because changesin sygem condi-
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tions subsequent to theinitia decison may have favored the path that wasnot chosen.

e Arexrvesmarket can be crested in which generators can bid unitsinto the market that will
not necessrily be used to supply energy but rather will exdusvely provide reserves This
forcesthese unitsto come on line (or have the cgpability to come on line sufficiently fagt)
in order to provide the contracted for reservesif these are offered into the market.

e Generators may sf-commit generating units basad on their own assessment of what red-
time energy priceswill be. In an extreme case, there would be no reserves markets and all
sf-commitment would be donein anticipation of red-time prices (including the anticipa
tion of red-time price spikes). However, sysem operaorswould undersandably be quite
uneasy about such adesgn because the dightes insufficiency in supply would require a
decison to, in effect, switch to an emergency mode of operation and curtall load. Thus it
ismorelikdy tha sdf-commitment would be basad not only on the anticipation of red-
time pricesbut dso on pricestha are paid explicitly for having a given amount of reserve
avalable (i.e, aresrves market).

e Demand can bedlowed to bid into the supply market so that the operator has demand
control as needed, presumably a an agreed-upon price. There are various mechaniamsfor
compensating demand for assging with rdiability. Offering uniform chegper tariffsat dl
locations for the right to disconnect aload isone way. More gppropriate desgns are poss-
ble, induding programswhere users are paid per incident and location-specific tariffsand
programs are cregted. To the extent possble, these programs should be voluntary and based
on needs of the market rather than rigidly predesgned by sates or regions

e Demand can dso provide rdiability servicesin the form of voluntary interruptible con-
tracts In afew cases these contracts have an option to permit the cugomer to “buy out”
of theinterruption, something that makesthe rdiability service less vduable,

Of particular interes isa“combination gpproach” that has been working quite successfully for PIM. This
gpproach providesfor saf-scheduling but then uses a centrdized commitment processto meet requirements
not satisied by sf-scheduled units This drategy hdps mitigete the percaived problem of potentid “unfair-
ness’ of centraized commitment (mentioned above) because a generator can Hf-scheduleif it fedsthe com-
mitment resultsare not economicaly condsent with the generator’s expectations

Administrative approaches to reliability management

The power sygsem's phydca requirementsremain the same before and after retructuring: it mug gill be able
to aurvive the outage of any component, it mug gill baanceload and generation, and it mug gill maintain
and manage voltage profiles and frequency. In a competitive environment, however, parties are free to engage
in energy transactions that is to purchase power for delivery dsawherein the grid. Aspart of this purchase
process, it isnecessry to secure the tranamisson network “rights’ that will permit the transaction.

No transaction (or combination of transactions) isdlowed to violate the sysem’s security requirements The
“rdiability-driven” viewpoint of grid operations presumestha markets are, for the mogt part, separate from
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reiability requirements That is it presumesthat sysem operations do not interfere with markets until and
unlessthereisardiability problem, and, when ardiability problem occurs the sysem operator has an over-
riding ability to intervene in the market with actionsthat indude (but are not regtricted to) theright to not
approve, to disdlow, or to terminate previoudy approved transactions. When thisviewpoint istaken, the
enforcement of sysem security limits (when and if required) isdirect: transactionsthat causethe violation of
asydem condraint are not permitted, or, if acondition that warrants curtallment develops after atransac-
tion has been authorized, the transaction is subsequently curtailed.

The scenario for congestion management in a competitive environment basad on the rdiability-driven view-
point (and widdy usad within the Eagern Interconnection) goes more or less asfollows

» For every intended transaction, an Available Trander Capability (ATC) on the tranamission
grid isdetermined. The processfor determining what transmission capacity isavailableis
based on rules crested by NERC. These rulesincorporate an initid determination of Totd
Trander Capability, from which some “reserve tranamisson capacity”’ isdeducted. Mog
regionswithin the Eagern Interconnection aswel as WSCC have esablished and published
protocols based on NERC guiddines by which thiscdculation isperformed. For a com-
prehendve liging of these protocols refer to www.wsce.com, to wwwi.nerc.com, or to the
variousindividua regiond rdiability council home pages Because these rules depend on
gydem characterigicsand are adminidrative in nature, a processfor continud updating and
revison isrequired.

e Thetrande capabilitiesare poged in an Open Access Same-Time Information Sysem
(OAS S =0 that market participants can be aware of them. The sysem isupdated as sygem
conditions and scheduled transactions change. Currently, thispoging of trander capabilities
isrequired by Federd Energy Regulatory Commission (FERC) order 889 and isavalableto
dl participantsthat wigh to trade on the market. Asdescribed dsewhere, however, the
notion of ATC without consderation of interactions among tranders and the impacts of
trander cgpacity on economicsisof limited vaidity.

* Resrvationsfor accessfor gecific transactions are made and gpproved. Tariffs apply to the
tranamisson capacity required by each transaction. Rightsto transmission are reserved for
dedgnaed period(s) at the desred “firmnesslevd.” The tranamisson tariff isnot coupled to
sydem conditionsbut to an esablished accesstariff for each transaction. Trangmisson tar-
iffsare generdly based on revenue requirementsrdaed to the invesment cods associated
with tranamisson. Tranamisson tariffsfor open access are generdly filed with and gpproved
by FERC based on nondiscriminatory (“jus and reasonabl€’) access principles, asrequired
by FERC order 888.

* ATCsaeupdaed regularly (typicdly a intervasof afew minutes) and re-poded in the
OAS S asthe scheduling of some transactions dtersthe ATC for other transactions NERC
requiresthat approvas of transactionsreflect sysem capabilitiesand actud conditions
NERC does not, however, have the authority to truly enforce its requirements

e Transctionstha violate security rules are not authorized.
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* During actud operation, the sysem ismonitored for possble sscurity violations If security
violations occur or become imminent and cannot be resolved by other means amethod for
curtailment of transactions (called Trangmisson Loading Rdief or TLR) goesinto effect.
The objective of TLR isto curtail (or threaten to curtail) transactionsto rdieve congesion
and regore secure operating conditions The determination of what transactionsto curtall
and by how much isbased on formulasthat take into consderation the sze of each transac-
tion and itsrdative impact on the congested flow(s). These formulas do not take into con-
dderaion the economics or the gecific vaue of the congested trangmisson facility.

e Asan dternative (or an extendon) to TLR, anyone scheduling a transaction can aso gecify
dternative digpatch that can be usad to rdieve a congegtion condition in lieu of facing a
TLR curtallment. Thisiscdled Market Redigpatch (MRD). MRD resolves some but not al
problems associated with the TLR gpproach to congestion management (NERC 1999).

TLR isonly one example of an adminigrative solution to the problem of rdiability assurance. Although we
have chosen to focuson TLR asan example, other adminidrative solutions are possble and are used in other
regions However, it isacommon feature of dl adminigrative solutionsthat price and the actud vaue of
trangmisson are not principd consderaionsin the process of rdiability assurance, 0 these solutions share
many of the features of the TLR process Some other adminigraive dternatives are discussed below.

It isnecessary to keep track not only of dl transactions (thisisdonein NERC by meansof a“tagging’ sys
tem) but of theimpact of every transaction on every potentidly congested flow. Thistracking isdonein the
NERC sygem by means of Power Trander Didribution Factors (PTDFs), which track the unilatera impact
of every sygem injection on every flow of interest with respect to a“reference location.” PTDFs can be used
to find the impact of every bilatera or multilaterd transaction on every flow of intered. The tagging sysem
iscumbersome and difficult to manage well, but some such sysem is necessary for adminidrative solutions
to rdiability management. The dternative to adminidrative rdiability management that isembodied in
nodd or flowgate pricing sygems makesthe tagging sysem mogly irrdevant. Thisdternative is discussed
bdow.

Asindicated above TLR rdieson aformulathat curtalstransactions based on severd factors such the
impact of the transaction on the problematic flow, and the sze and firmness of the transaction. The formula
does not take economic factorsinto condderation. The formulausad by for TLR curtalmentsisimplied by
the tabular curtalment procedure developed by NERC (avalable a www.nerc.com). T hisformulawas made
explicit in Rgaraman and Alvarado (1998).

TheTLR formulaand methodology are, in theory, fully capable of addressing any congegtion problem in an
effective manner. In practice, there are anumber of problemswith TLR, no matter how wel implemented it
is From the rdiability viewpoint, the problems of usng the TLR paradigm for transmision congegtion
management are numerous and have been documented esawhere (Rgaraman and Alvarado 1998). Some of
the problemsare:

e TheTLR sydgem can be“gamed” in avariety of ways incduding overscheduling of transac-
tions Gaming hasthe potentid of detracting from sysem rdiability and doesnot con-
tribute to the economic efficiency of the sysem.
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e Thecurtalment process doesnot generdly takeinto condderation desrable counterflows
It discourages putting together packaged multilaterd transactionsthat would prevent con-
gedion, Smply because no credit isgiven for counterflows

*  TheMRD method implemented by NERC dlows market participantsto avoid TLR trans
action curtailments propodang pairs of generatorsthat can be redigached to reieve conges
tion in lieu of curtaling atrade. Even when MRD isused, it ishard to optimize sysem
operation; when there is one congesed facility, a Sngle degree of freedom afforded by
MRD may be aufficient, but when multiple facilities may conges smultaneoudy, asngle
MRD cannot resolve the problem optimadly. Even for asngle congested ling, thereisno
asurance that the gecific MRD offered for a given transaction will be optima.

e Another isuewith TLRsistheir somewha limited ability to control atransmision prob-
lem in view of thelimited datathat are used in the TLR analyss For example, onceaTLR
iscdled, the mitigating effect it provides can be undone by theindividua response of vari-
ous sygem operaors atempting to replace the energy that was being supplied by the TLR.
In other words the uncoordinaed redigpatch that is performed in repponseto aTLR can
cause the same problem to repeat or anew problem to surface.

In gite of the many problems asociated with TLR, it has been used with reative successto ensure secure
operation of dectricdly interconnected but adminigratively and organizationdly dissmilar sygems The
mog diginctive feeture of TLR isits“command and control” flavor, which alows operatorsto ded with
congegion in areanably effective manner irrespective of market consderations Many “traditiond” opera-
torsfed more comfortable with a sysem of command and control athough many have cometo redize tha
merdy having the ability to command an action does not, by itsdf, ensure tha the problem being addressed
will be solved without cregting other (perhagpsworse) problems

Another key point for any adminigrative solution isthat, asabadc principle of efficency, the modd used by
gydem operaionsought to agree with the modd usad for the underlying market. TLRsor any other admin-
idrative solution violae this principle because the modd usad to curtal doesnot accurady reflect the man-
ner in which the sygem operates, which creates gaming opportunities

A wedl-desgned and wel-implemented tranamission expangon plan should reduce the number and severity
of TLR occurrences There are, however, two problemswith usng TLRsasan indicator for assessing the
adeguacy of aparticular transmission grid and the possble arguments for expangon of the grid:

e Caemud betaken tha acongegion problem isnot Smply “moved” to adifferent loca
tion. Condder the case of two trangmisson linesin sries 1to 2 and 2 to 3, with capacities
of 100 and 101 respectively. and no net load a location 2. Congegtion can occur in the 1
to 2 ssgment, leading to the observation that, if congegtion occurs frequently enough, a sec-
ond pardld 100-MW linedongthe 1 to 2 corridor could dleviate the problem. More like-
ly, however, this expangon would only moveto the 2 to 3 ssgment the congegtion tha now
takesplacein the 1 to 2 ssgment of theline The mord of thisgory isbe careful where and
how you expand the sysem or d<seyou may spend alot of money to Smply move the
problem somewhere dse.
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* TheTLR sygem migpricesthered vaue of congegtion. For aradid sysem in which the
vaue of power a one end of thelineis$30 and the vaue of power a the other end is$70
and if the tranamisson tariff is $20, there will be atendency to overschedule transactions
because dl participantswill want to capitdize on the price difference. Conversdy, if the
prices were only $30 and $40, respectively, and the cogt of moving power was $20, no
transactions would take place even though thereisvduein scheduling transactions The
mord of thisgory isthat before we can determine the value of atranamisson expanson
plan, it isimportant to have the pricesright throughout the sysem. Prices can be st gppro-
priatdy usng aform of Locationa Margind Pricing (LMP).6 A pure TLR sygem isnot
likely in practice to converge to optima prices everywhere (even though this might be pos
gblein theory).

Unindructed deviations are another concern of traditiond sysems In ardiability-driven sysem, the tradi-
tiona “deferred payback” gpproach to uningructed deviations can be implemented dthough it should be
cear that it opensthe door for intentiona or unintentiond abuse.

Competitive Operation:
The Market-Driven Viewpoint

In the market-driven view of sygem operations the operator makes rdatively aggressve use of market dgnas
and prices and uses markets as much as possble to asaure rdiability.

Nodal Spot Prices

In an idedl competitive market everything is in theory, priced on the margin. In the dectricity market, this
principle should gpply not only to generation but a0 to tranamisson. Redity is of course, different from
theided. To look a transmisson from amarket viewpoint, we begin by ignoring market power and assum-
ing that every generator everywhere will bid itsmargina cod into the market. We then procead to define the
noda (goot) price of dectricity a any sysem location asthe chegpest way to ddiver one MW of dectricity
to thelocation in quegion from among the available generating units while regpecting al congraintsand
security limitsin effect. If we define anoda spot price thisway, there can be no argument asto whether a
different market gructure could in principle lead to a chegper st of prices by definition, the nodd ot
pricesare the leas expensve.

oot pricescan be ataned in avariety of ways The mog direct iscentrdized cdculation of pricesby ingan-
taneoudy and smultaneoudy “clearing’ the market at dl timesand in dl locations This market clearing

¢A methodology for pricing the energy a every nodein the sygem a the chegpest possble margina price of ddivery
condgtent with available generation and with congegtion conditionsin effect. LM Ps can be determined as by-products
of an OPF dthough thisisnot the only way; knowledge of margina unit locations (the location of the next chegpest
genertor in the sysem with available capacity to supply theload), congestion conditionsin effect, and the characteris
ticsof the trangmisson sysem are wufficient to determinethe LMPs
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(not unlike the dearing process for markets such asthe NASD AQ except that locationa congraints mus be
regpected in the tranamisson market) resultsin the esablishment of (usudly unique) pricesfor every node
eech timethe market dears (Thetechnology isnot yet a the point of permitting indantaneous red-time
market dearing, but it isdose) Under thisscheme, it isposdble to define a sysem of property rightsto the
trangmisson sygem ugng finandd contracts Theright to send power from one node to another can be
acquired by buying afinancid ingrument, often referred to asa Financid Tranamisson Right (FTR) that is
denominated in MW and entitlesits holder to collect (or obligetesits holder to pay) the difference between
the prices a thetwo nodes Thisfinancid right will exactly offsst the deficit or gain reulting from sling
the power a theinjection point and repurchasng it & the withdrawa point a the respective noda oot
prices In an idedized nodd market, in which generaors have no market power and reved ther true margin-
d cods an operator may have to do nothing to ensure security under mog conditions

The problem of determining noda oot prices requires attention to anumber of crucid detals Firg, there
mug be agreement by al parties about the sysem mode that will be usad to esablish the prices Thismodd
mug be capable of producing unique, reproducible (auditable) results Nonlinear models may be more
“accurate,” but they can lead to more than one solution, and this can be a serious problem. Oneway to
avoid some difficulties of more accurate moddsisto use asmpler, dightly less accurate “linear” modd.
Linear moddslead to reproducible prices However, the underlying sygem modd mug teke into conddera
tion isues of voltage and reactive power flow if it isgoing to be credible. AC modesare notoriousfor the
fact that sometimes dight changesin the modd can lead to important changesin the solution and thusto
different price paterns Thus the bes compromiseisthe use of linearized nonlinear modés for al purposss
of price determination.

For any given modd the resulting noda prices are sendtive to subjective security criteria determined by the
digpatcher. When the digpatcher isa<o in charge of settling congestion, and paying off tranamisson rights
whose vaueisdetermined by the nodd prices, the centra caculation of prices putsthe digpacher (like
PJIM) in amonopoly podtion (Joskow and Tirole 2000). Being non-profit does not guarantee efficiency or
equity and in the absence of market contegtability to the digpacher governance and monitoring of the dis
patcher becomes an issue of concern.

Thereisdwaysthe possbility that the market will fail to dear and no st of vaid resulting prices can be
obtained. The only way in which thisfalure can be resolved isto permit much gregter participation of the
load. If dl load iscurtailablein principle, there will dmog aways be avdid solution for the sysem at zero
generation and zero load. In addition, thereisthe issue of timing. Unless prices are determined and commu-
nicated promptly to participants prices cannot deer the market to ardiable operating point. In short, there
isno “perfect” way to establish prices All we can hope for is reasonable gpproximations with good attributes
and characterigics asmentioned herein.

The nodd price paternsthat result from the onsst of congestion naturdly cregte incentivesto redigpatch the
gydem in amanne condgent with security. All that isneeded in mog casesisto produce the price Sgnds
aufficiently rgpidly and then to patiently wait for the market to repond. In some cases the market can
regpond basad on the exercise of presubmitted inc/dec bidsat individua locations In other cases it can
respond as arexult of indegpendent action by generators observing aprice Sgnd. Only in cassswherethe
market falsto reppond because of ether lack of dear price Sgndsor inaufficient available inc/dec capacity at
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critica locations doesit becomeimportant to take “command and control” actionsto direct the market.
Experience with actud operation of thistype of market (PIM and New York are two examples) has shown
that, in soite of the current limitations on who seesthe price sgnd (mog loadsdo not) and in site of
“hourly averaging” effects (thet is pricestend to be for awhole hour period, even though in redity they
should vary ingantaneoudy as conditions change), marketsthat are purey nodd do in fact respond in away
that tendsto ensure red-time security based amog entirdy on price Sgnas An important caveat for such a
gydem (particularly when spot pricesare not correctly determined) isthat, for short periods of time, prices
may rise extremey high (pricesreached $7,000 per MW in the midwest during the summer of 1998)
because the market may fail to dear. Thispricing Stuation prompted mog sysemsthroughout the U.S to
impose prices cgpsin some form or another.

Transmission Rights (Physical Rights, FTRs, FGRs)

In some cases diversty in noda prices can betraced to ardativey smal number of condrained fecilities. To
the extent tha the congestion satus of these fadilitiesis predictable, it ispossbleto directly st the price for
their use a the corresponding shadow prices (the price associated with expanding the capacity of the facility
by 1 MW) and define property rights associated with dl potentidly congested facilities @ther Sngly or in
combination, in terms of flow through these condrained fecilities Such a scheme can be implemented usng
a“physcd rights’ approach where the flowsthat a scheduled transaction produces through a congrained
facility are determined according to the PTDFs and the transaction mus be backed by the gopropriate
portfolio of rightsfor accessng the congested facilities In theory, it can be shown tha the vaue of the FTRs
should converge to the vaue of the portfolio of physcd rights (dso known asflowgae rights or FGR9) that
are necessry to upport a gecific transaction under congestion conditions. A physicd rights gpproach may
require the acquistion of rightson many potentidly congested paths so asmplification is made requiring
that only a predefined “commercidly sgnificant” subset of flowgates be addressed. Moreover, the exercise of
physcd rights requires much las-minute maneuvering to assure that rightsare used and not log, which
addsto the complexities of sygem operaion. In addition, many of the actionsrequired by the physca rights
may bein conflict with actionstha the operator may wish to take in order to ensure red-time security; in
other words, the physica rights goproach to markets may be incompatible with the operator's need to con-
trol phydca assetsfor security reasons

Another gpproach to pricing trangmisson isbased on flowgate rights (FGRS), in which parties acquire finan-
ad rightsto specific flowgates This gpproach represents a midway point between the physcd rightsand the
FTR approaches Asin the case of physcd rights the acquistion of FGRsisbased on digribution factors
for flowgatesthat have been determined to be commercidly dgnificant. However, ssttlements are based on
the actuad margind vaue of capacity on the flowgate a the time of congegion, i.e, the shadow priceson the
congrained fecilities Under this setup, lag-minute scheduling and operation are |€eft to the operaor, and dl
scheduled transactions are charged atrangmisson fee for the flows they induce on the congesed fadilities
thisfee equdsthe corregponding shadow prices on these fadilities A transaction that is backed by the proper
portfolio of FGRswill collect sttlement revenuesthat will exactly offset itstrangmisson fees In practice,

A flowgate isany ling, transformer, or collection of linesand tranformerswhere thereisaredriction on thetota
power that may flow through. More generdly, aflowgateisany sysem condraint.

Transmision Sgem Operation and Inteconnettion A-23



however, atransaction would be covered by only alimited st of flowgeate rightsthat only gpproximatey
track changing digribution factors, which would leave some resdud congegtion risk exposure unhedged.
Such flexibility decouples operationa decisonsfrom the settlement issues associated with trangmisson
rights

Zonal Approximations

A fourth dternative for pricing in ared-time dectricity market isto use zond approximations A zonad
goproximation ismotivated by theintention to enable decentrdized forward energy markets (that is, alow-
ing market participantsto fredy trade with each other in the futures market without the need to involve
trangmisson sygem condderationstha require central coordination) by homogenizing the traded commodi-
ty (dectric power) through ddiberatdy ignoring trangmisson congraintswithin the zones In casss where
the only limitsare on radid linesor where gability limits are trandated into limitson the flow of the sum of
power across verd pardld lines zond gpproximations can be quite reasonable. Forward energy markets
can reault in infeadble schedules <o the operation of a zonad market requiresthat the operator have adminis
trative tools available to force rescheduling of generators these tools are generdly presubmitted and acoepted
inc/dec bidsfor generator dispach. In principle, if the operator hasthe authority to redigatch al the sched-
uled transactions and dl generatorsare required to submit default inc and dec bids then the operator retains
full control capability when and if required.

Thekey issueishow the cog of redigpatch isbeing covered. In some zond markets that cog is spread
among dl participantsin azone (in the form of an uplift charge levied on aload-share basswithin the
zone). Thisapproach creates gaming opportunitiestha motivaete some market participantsto overschedule
transactionsin the zond forward market and then be paid in the red-time adjugment market to essentidly
solve the congegtion problem that they have creeted. This drategy resultsin anet profit when the cog of
rdieving the congegion is pread among adl market participants Unfortunaey, such overscheduling isnot
only financidly unfair to some participants but it do creates srious problems for the operator who must
anticipate the adjugment bidsthat it needsto procure. In any case, the problems atributed to the zond
goproach are areault of the spreading of intrazond congesion cogsthrough uplift charges To the extent
that intrazond condraintsare rare and unpredictable, zond aggregation in the forward market may have
some merit in fadilitating liquidity and forward energy trading. It iswidely accepted that early commitments
through forward trading and multi-ssttlements (that is paymentsfor forward contracts and paymentsfor
red time spot market transactions can be based on different pricesthat arelocked in a thetimethat the
transactionstakes place) tend to mitigate market power by reducing the incentives of generatorsto manipu-
late ot prices It isessentid, however, tha dl transactions (forward and oot) be charged the correct ex-
pog congesion chargesfor the congesion they induce (either through ared-time nodd price mechanism or
through flowgate fees on induced flows).

Can Pricing Alone Eliminate Transmission System Congestion?

A fundamentd quegtion about the rdationship of markets and tranamisson system rdiability iswhether it is
adways posshble to come up with apricing pattern that, even within an ided nodd pricing sysem, can dimi-
nae congegion by means of pricing sgnasadone. The answer, partidly provided in Glavitsch and Alvarado
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(1998), isthat thisisnot possblein every caze Although diminating congegtion by pricesaoneispossble
in mog cases the lumpinessin the reponse capability of thistype of pricing sysem when linear or roughly
linear cogsare the norm meansthat it isnot posibleto rely on price Sgnasaoneto rdieve any possble
congegion. Neverthdess the sysem seemsto work quite wel in practice as evidenced by the successful red-
time operation of PIM, where congegion ismanaged dmog entirey by price sgnasdone. In fact, manage-
ment of congegtion by price Sgnasaone can be quite effective (Ott 2000).

Under some conditions it may beimpossble to operate a sysem basad on pricesdone (particularly when
demand isnot exposad to or isunableto regpond to the price sgnds). Thus it isquite likdy that abacksop
would continue to be needed in such asygem. The TLR gpproach can be viewed asa“command fird, prices
soond” gpproach wheressthe locationd pricing goproach can be better described asa“get the pricesright firg,
then rdy on command and control asalad resort.” Even under the begt pricing sysem, however, an adminis
trative dternative (auch as TLR) will continue to be necessary to enaure rdiability in extreme cases

Theisue of market power isahit more complex in thiscontext. In anoda pricing sygem it issmply not
possble to gudy market power by observing locationd price differences A more complex anadyssis neces
sy that takesinto condderation the natura price differencestha are the result of congestion and tha does
not ascribe these to market power. In other words, we cannot condude a-priari that dl price ikesarethe
result of the exercise of market power by some market participant. There are a0 potentid interactions
between market power in generation and ownership of financid tranamisson rights (FTRsor FGRs). A gen-
erator with market power in aso-cdled “load pocket” that imports power across congesed trangmisson lines
can profit from raisng prices aslong asthe increased revenues exceed the log sdles However, such agenera
tor will have an incentive to raise prices even further if it dso ownsalarge share of the trangmisson rights
into the load pocket. By raisng pricesin the load pocket it can profit both from the sale of power in the
load pocket and from theincrease in the vdue of itstranamisson right that are based on the nodd price dif-
ference between the import node and export node® Such a dtuaion cannot, however, occur in the absence
of physica generation ownership. Someonetha owns soldy financid rights or, more generdly, pure financid
postions and hasno control of astsin red time cannot have market power.

Other important condderations are the operationa problems associated with day-ahead markets and activi-
ties In mog exigting markets, there isa day-ahead market for energy. Therationae for having a multiple-
sttlement market (in this case day ahead and red time) isthat dearing amarket on aday-ahead bassis
smple Furthermore, thereisan opportunity in thistime frame for biddersto sart and/or shut down gener-
aing unitsand time to arrange for tranamission rights when necessary. H owever, when the day ahead market
rulesare not properly coordinated with those of the oot market participants may profit by gaming these dis
crepancies (for ingance, by ddiberatdy submitting incorrect schedulesin the day-ahead market and deviat-
ing from them in the red time market). Such gaming may cause srious problemsfor the operator which
mug anticipate the deviations from sthedules and procure sufficient reservesto maintain sysem rdiability.

8T his observation was made by Joskow and Tirole (2000). It hasled in Texasto aregriction on the shares of tranamis
gon rightsthat any Sngle market entity can own on any commercidly sgnificant condrained tranamisson line
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Impact of Congestion on Prices

Asindicated above, in the absence of congegtion (and loses), pricesin adrictly nodd sysem aredl identi-
cd. Although there may be (and in redity there dways are) temporad variaionsin prices thereisno gatia
variation in an uncongested, “losdess’ market. Congesion, however, leadsto differentiation of prices by
location 0 that every node acquires in effect, aunique and diginct price Thereason that prices are unique
isgmply tha the PTDFsfor every node with reect to aparticular congesed flow are unique. Asan exam-
ple of the price variations reulting from congegion, Figure 9 illugrates the congegtion price pattern for the
PIM sygem from 5 A.M. to 10 A.mM. on October 13, 2001. For amplicity, zond aggregete vaues are given
rather than individud bus prices (individud prices are available from the PIM ste a www.pjm.com). The
purpose of thisillugration isto emphadze that dthough they may ssem somewhat “random,” these prices
are auditable and verifiable provided that the security criteria have been agreed upon. The prices are, howev-
er, endtiveto the implementation of the security criteria by the digpatcher. Thefact that the digpatcher
(PMM in this ca) isnonprofit does not enaure efficiency or equity in the absence of market contestability to
the digoatcher governance and monitoring sructure.

Price dgndsgiverise to behavior changesin red time. Observation at five-minuteintervals of the pricesand
the supply at afew locationswithin PIM reveds the manner in which suppliersreact to changing prices The
reponse observed depends greetly on the nature of the congestion and on the ability of the various genera-
torson both ddes of the congested facility to react in atimey manner.

Figure 9: Sample PIM locational pricesfor October 3, 2001, darting at 5:00 A.M. Thistableillugratestherich
variation in pricesthat isposiblenat only asa fundion o timebut al asa fundion of location within thegrid.
Nae Thistable doesnat indude nearly encugh locationsto be ussful for gperationsand congegtion managament.
A mud larger number of locationsisnesesary to ue pridng for efident congetion managament.

For the acronymsin thistable, refer to the FERC webste and report.

Region/node 5:00AM. 6:00AM. 7:00AM. 800AM. 9:00AM. 10:00AM.
PSEG 16.76 20.37 31.50 29.47 27.85 28.63
PECO 16.76 20.10 31.21 28.74 27.35 29.18
PPL 16.76 20.20 31.37 29.06 27.57 29.04
BGE 16.76 19.64 27.72 24.91 24.30 27.00
JCPL 16.76 20.30 31.50 29.35 27.78 28.82
PENELEC 16.76 26.58 48.13 54.91 47.36 26.90
METED 16.76 20.06 30.75 28.28 26.96 28.80
PEPCO 16.76 19.52 24.86 22.25 2211 24.38
AECO 16.76 20.11 31.23 28.77 27.35 29.14
DPL 16.76 20.05 31.47 35.20 46.76 48.15
GPU 16.76 22.47 37.10 37.98 34.30 28.17
EASTERN HUB 16.76 20.08 31.61 36.39 50.57 51.71
WEST INT HUB 16.76 1851 14.72 11.73 13.71 17.18
WESTERN HUB 16.76 20.67 26.34 25.63 24.59 22.33
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Transmission System Expansion

Although in generd transmisson expangon in a pure market sysem will reduce congesion and improve
rdiability, there are quite notable exceptions Weillugrate jus one consder again atwo-area sysem, as
illugrated in Fgure 10. Asumethat pricesare, asin mos market sysems based on margina cogs of
production. Under these conditions one sygem (sysem A) seeslow margind cods and therefore low mar-
gind prices Sygem B seshigh margina production cogs and therefore high prices The supply curveis for
purposes of thisexample, athreetiered, geep-fronted curve. Expangon of the transamisson sysem would
lead to the posshility of trade between the sysems which would tend to equdize the prices on both ddes
Assumethat thisequdization takes place a the “intermedia€’ price, asillugrated in Fgure 11. The changes
in consumer aurplusareillugraied asthe shaded areasin these two figures which show that the decreasein
consumer aurplusislower than theincreasein consumer aurplusfor sygem A, leading to the seemingly
counterintuitive concuson that transmisson expangon can, in fact, be counterproductive for consumers at
largein apure market Stuaion. Although thiswould not normaly be the Stuation, it isacautionary exam-
ple againg assuming that tranamisson expangon isadways beneficid. A amilar example could be outlined
which showsthat expangon of the tranamisson grid can actudly increase congegion.

Uninstructed deviations

Uningructed deviations are the differences between intended or contracted amounts of energy ddivery and
actud ddiveries Thexe occursfor avariety of reesonsthat indude normd time ddaysin the response of
units metering and control errorsaswel asddiberate “price chasng’ by generatorswho increese their out-

Figure 10: A two-area sdem with a proposed trangmis
son expanson prged. Sydan A ssslow prices sdem
B s=shich prices and a new line samsto make sne
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put after learning that the priceishigh. In theory, in a market-driven goproach to rdiability and operations
uningructed deviations can be addressed extremdy smply, provided that a sufficiently robus and accurate
metering sygem isin place. Quch a sysem would price any uningructed deviation a the market price for
the given moment and location in which it occurs Thus any party having gpecified contractsfor ddivery
(or consumption) of power could, in effect, hedge mog of the intended amount by writing a contract with
another party that pecifiestimes and amounts for any desired price, with the undersanding that settlement
of any differences between contracted amounts and ddivered anountswould take place on the locationd
red-time oot market. In effect, therefore, there would be no uningructed deviations only ared-time sttle-
ment market for the differences You pay actud red time prices for any amount you have not contracted for.
Theredity, however, in dl the currently operating marketsisthat red time prices are precaculated basad on
forecagted demand and supply bids and fixed for finite time periods (e.g., 15 minutesin Texasand 5 min-
utesa asubsat of nodesin PIM). When the prices are announced a the beginning or prior to thetime
interva in which they apply (thisisoften jugified on the ground of alowing time for load to respond),
uningructed deviationswill occur and they require that the operator take mitigating actions such as digpatch
of up or down regulaion resrvesin order to maintain frequency control.

Evolutionary Directions

Theideas and possible new directionsin this section suggest what remainsto be done regarding power
gydem operaionsin acompetitive market. In some casss, theeidess are not entirely developed, and in
other casssthey do not follow directly from the andydsin the previous sctions

Ensuring Reliability through Price Signals

Asindicaed above, one of the mog effective trendsin sysem operations has been the use of market price
ggnasto operate the sysem. Usng price Sgnasand without the nead for centraized controls it ispossble
to induce behavior from generators (and loads) connected to the sygem basad on the pricestha the genera
torsse a ther regective locations Ingead of “commanding’ that a particular generator produce more
power, one can amply increase the price offered to that generator a that location at a given time. If the offer
isabove the margind cog of the generator, the generator will naturaly respond with an increased output.
Likewise, to discourage production, the price can be lowered (to negeative valuesif necessary) to encourage
reduction in supply. Further progressin the direction of red-time node-gpecific pricing will go along way
toward ensuring power sygem rdiability within the operationd timeframe. To support this progress FERC
mug “gay the coursg’ of integrating the grid and unifying the rulesto attain greater economic efficiency
but should aso recognize the need for more accurate sysem modeds whenever these modds are to be used
to st prices

Ensuring Reliability by Connecting Transactions and their Flows

The second direction in which red-time reiability assurance is evolving istoward a more precise connection
between transactions and flows (that is an effort isunder way to try to link or “tag’ every transaction o that
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theflowsthat are “caused” by the transaction can be accounted for). The objective of thiseffort isto more
dosdy focus command and control grategieson resolving specific problems In addition, making command
and control grategies more repondve to market dgnds (asisthe casein Market Redigoatch) isan important
sep for those cases where this srategy for security assuranceis preferred.

Ensuring Reliability by Voluntary Load Response

Incorporation of load reponseisanother important trend in rdiability assurance. Load reponse can take
many forms ranging from dternative contractua arrangements between suppliersand load to red-time pric-
ing & theretal levd to new versons of interruptible load programs and other incentives If an outege isseen
asonly ardiability problem when it isinvoluntary, much can be done toward improving load responsve-
ness It isessentid to enroll the creativity of the marketplace in the desgn of demand-response programs by
enabling the types of cusomer/provider contractsthat makes demand-response possble

Ensuring Reliability through Improved Information on System Status

One of the mog important preconditionsfor good sysem security isknowledge of the precise gdae of the
g/dem a any given time. Knowledge of sygem gausisa precondition to etablishing better flow and other
types of sygem limits It has become imperative to consder the evolution of asnge ssamlessview of the
gydem in red time Concernsthat the physcd security of the sysem may be jeopardized because flow and
other dmilar information istoo widdy available mug be baanced againg the security concernsthat result
when only partid, incomplete, and in some cases erroneousinformation is available about the date of the sys:
tem. The cregtion of asingleintegrated view of the gatus of the entire interconnected grid will have great
vauefor rdiability assurance by giving thosein charge agobd picture of sysem gatus More than one mgor
blackout has been traced to operator actionsbasad on anarrow view of the sygem and afocus on resolving a
goecific problem rather than aglobd view of sygem gatusand potentid impact on the entire grid of the
actionstaken. Whether making information available to the marketplace in addition to the operators con-
tributes or detracts from security is debatable Recently, concerns about the physca security of the grid have
suggested that publishing information about physica flowsand sysem gatus represents a greeter risk than
would be asociaed with withholding such information. Thisview isnot universdly shared, however.

The complexity of determining sysem gate increases Sgnificantly with sygsem sze. Some would argue that
the growth of this complexity could be exponentid, which would mean that determinetion of the gate of
the whole grid would be nearly impossble in practice. However, in the opinion of the authors (confirmed by
Energy Management Sysem experts), determining the sysem-wide date is posible. Neverthdess to the best
of our knowledge, no production-grade software is available to consolidate aregiona SCADA sysem into a
validated regiona security modd.

Ensuring Reliability through Grid Expansion and Energy Efficiency

Policies can be devdoped to support creation of excess capacity in the tranamisson grid to reduce regiona

market power, promote additional market activity, and increese rdiability assurance. Thisintentiona expan-
gon of the grid by means other than rdiance on the market can be encouraged ether by pecific policiesfor
transmission expanson (for example, by direct or indirect government actions) or by the cregtion of “capaci-

Transmision Sgem Operation and Inteconnettion A-29



ty markets' in trangmisson tha can improve rdiability marginsand lead to congruction of additiond trans
misson fadilities These types of incentivesfor grid expanson are better explained in the companion paper,
Alternative BusnesModdsfar Trangmisson Invesment and Operation, by Oren, Alvarado and Gross

Over time, energy efficiency may dso be an effective tool for improving power sysem reiability by reducing
totd consumption and making any problem that occursessier to solve.

Alternatives to Transmission System Expansion

All *outdde the market” solutions (such as government- or quas-government-sponsored expanson projects
and taxes or subddiesto encourage expanson) should be consdered in terms of their contribution to the
“common good” of grester sysem security and Smpler sysem operability. One mug be careful, however,
not to expand transmisson in cases where expangon of generation would be more effective. Thisis particu-
larly important when the bes solution to physca security thrests may be dternativesto trangmisson, such
asdigributed generation dong with digributed fud or energy-gorage technologies

It isdso important to take into congderation the cogs of fud trangportation (in recent yearsthisrefers
mainly to gas pipdines) versusthe cog of tranamisson sygem expanson. Thistradeoff can only be taken
into account accuratey if the proper locationd price Sgndsare usad for energy, with condderation given to
trangmisson congegion. Only the “right” price Sgnaswill give rise to gppropriate tradeoffs between the
possble expangon of the transmisson grid versus expanson of the fud-supply sysem.

Intentiona overexpangon of tranamisson for rdiability and avoidance of market power should not be con-
fused with the problem of free riders associated with transmisson sysem expangon. The free rider problem
(thefact that once alineisbuilt, many partieswho did not share the expense of congruction will benefit
from it) can lead to underexpangon of the grid. Thisisakin to the dasic economics problem of the com-
monswhere an asxt that has societd vaue (in this case the trangmisson network) will be utilized to the
fulles extent by dl parties, and any party invesing in any improvement to the commonswill be a a com-
petitive dissdvantage because it will bear the added burden of the cogt of invesment. Thisisa problem even
in cases where economic expangon of the sygem can be jugified. One of the primary purposesfor the cre-
ation of Regiond Trangmision Organizations (RTOs) isto hep reslve the free rider issue by cresting mech-
aniansthat will permit awider view of the benefits of transmisson expanson. Even prior to the cregtion of
RTOs thewegern dateshave adopted policiesintended to take a more regiona view of tranamision and
tranamision expanson bendfits It istherole of the regulatory sructure to ded effectively with the freerider
problem S0 tha otherwise economicaly desrable trangmisson sysgem expanson takes place.

Concluding Remarks

Thefact that “time and location matter” isfundamentd to operations There needsto be widespread recog-
nition that the vaue of energy to an operator can have quite grong locationd and temporad components
asodiated with it. Thus fixed tariffsdo not reflect operationd reditiesand are usdessasatool that can facil-
itate market-based operations
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All dternative methodsfor rdiability assurance contemplated in this pgper rely on a combination of incen-
tives load, and avallability of resources The resources are both trangmisson and generaion. Rdiability
requiresredundancy (tha is generation and trangmisson resourcesin excess of those necessary to stidy the
needs of an intact sysem). Providing rdiability through generation done may mean that alarge anount of
excess generdion will berequired, with agreat ded of redundancy. The tranamisson sygem makesit possble
to share generation resourcesin the provison of rdiability. However, tranamisson redundancy isaso required.
A grong trangmisson grid isnecessry for the practica sharing of rdiability resources Any expanson of the
trangmisson grid to solve aproblem may result indeed in the problem moving to another locetion. Policies
deding with trangmisson sysem expanson mug d<o address the lumpiness of tranamision invesment.

There are anumber of optionsfor tranamisson sysem expangon from the pergoective of sysem operation
and interconnection. All of these options presant a possble sysem operations scenario followed by the rdat-
ed possble tranamision expanson scenario.

e Option 1 (consolidated operations, market-driven government-incentivized tranamisson
expandgon): Egablish auniform criterion for sysem operation and interconnection, in con-
aultation with partieswho are knowledgesble about sysem operation. Establish uniform
busness practicestha properly vdue tranamisson (much as FERC isdoing at the
moment—T LR and reated gpproacheswill not be sufficient). Although consolidation is
cdled for, actud implementation of thismodd should use diginct coordinated regiona
control centerswith protocols and policies gppropriateto ther regions Base dl decisons
about trangmisson sygem expanson on a coordinated assessment of the anticipated bene-
fits of expangon projects but only after the pricing sygem has been given the opportunity
to reflect the true cogs of tranamisson and after generation options have been assessed.
Encourage a aufficient voluntary demand response capability. Address al issues of sysem
reiability by rdiance on market forcesup until thelag minute, and rey on adminidrative
solutions only under highly unusua or emergency circumsances

e Option 2 (coordinaed regiona controls government-directed trangmisson expanson):
Operate the sygsem much asit isoperated now, retaining some form of control areas but
improve coordination. Use government incentives and resourcesto hep creste a“desgned”
expanded tranamisson infragtructure intended to rdieve interregiond bottlenecks This
gpproach mug congder that, asarexult, there will likely be regionswhere, under norma
market operations cusomerswill sse an increase in their dectricity prices Meansfor ensur-
ing that proportionate benefits are derived by dl parties (or a least that some partiesare not
adversdy affected) should be part of the incentive sysem.

e Option 3 (government-assged merchant trangmisson): Operaion of the sysem takes place
basad on proper locationd pricing, with Sngle or coordinated st of diginct control centers
each with expanded demand-management options Uniform busness practices are required.
Themodd for operationsisto be basad on the “market-driven” modd described abovein
Section 4. Trangmisson expangon isprimarily in the form of merchant lines However, because
of free-rider problems governmentd protocols are used to ensuretha a leegt afraction of the
bendfitsthat accrue (if any) aredirected toward invesorsand not freeriders
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e Option 3a Same asoption 3, but the modd for operationsisto be based on the “rdiabili-
ty-driven” modd described abovein Section 3 (eg., aTLR modd).

e Option 4: (utility-led government-asised evolutionary dternative): Allow sverd opera:
tiona and busness modesto coexig. Have the government operae reactively, approving
and monitoring actions proposad by traditiond indudry participants and being proactive
only in dtuationswhere a market power or mgor rdiability issue becomes a concern.
Otherwise, the government actsasa catdyd for action.

The authors opinion, based on commentsreceived as part of the DOE public-input process and the facts
presented in thisdocument, isthat the mog desirable method for sysem operation isOption 1. operate the
grid asan integrated whole. Pointstha require further condderation are

e Whether the grid should be organized into regions RTOs or some other gructure, and
*  Whether someform of control area should be retained.
Foecific recommendations are

¢ A unified busness environment mug be fodered for ensuring reliable operations preferably
based on the “market-driven” gpproach to congegion management. In order for market-
driven gpproachesto rdiability to be effective, they mug befad (i.e, operatein or doseto
red time) and have a sufficient number of nodes (or flowgates) available to permit correct
“deering’ of the sygem.

e Someform of adminigrative backgop to a purdy market-driven gpproach mug remain for
extreme cases When and how the adminidrative rules should “trump” the market isan
issue that will require consderable additiond discusson and invesigation by knowledgesble
partiesthat are sngtive to marketplace needs In generd, the answer to thisquestion
should be “only under highly unusua or emergency conditions’ and not asaroutine part of
sydem operaions

« Voluntary demand management optionsto hep achieve rdiability should be expanded. The
precise manner in which this can be done should not be prescribed; it should be driven by
sydem needs and market opportunities but the government can and should facilitate the
consderation of these demand optionsto sysem operation and riability.

e Trangmission grid expanson should be basad on the consdered judgment of a non-partisan
authority that addresses nead from both the viewpoints of the operationa characterigics of
the sygem and the expanded trade opportunities the new trangmisson cagpacity will afford.
Furthermore, the entity assessng expandon options mug condder mitigation meesures for
the dmog inevitable adverse impacts of increased interconnection on the cusomersin cer-
tain regions SQuch mitigation should not render the market less efficient or more cumber-
someto operate, however, but should be pursued by means of temporary financid
dructures (such as Sde-paymentsto adversdy affected parties) tha hep goread the benefits
of expangon.
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Sudy should be undertaken of dradicdly different tranamisson sructures and organiza
tions induding the possbilities of much greater use of HVD C trangmisson, grester sysem
sparaion and idanding by meansof DC converters and active separation of the grid into
spadae areas Because of ther higher investment cod, these drategies should not be imple-
mented unless gudies dearly indicate their superiority for a particular stuation.

Asameans of increasing operationa accuracy leading to greater exiging sysem utilization,
methods should be used that permit the sygem to operate cdloser to itslimits Examples of
these conceptsincude the use of dynamic lineratings that is where the flow limit of the
lineisnot aprecaculated number, but avauethat dependson conditions such asthe tem-
perature of theling itssag, wind conditions and more. Another example isthe esablishment
and adjugment of gability limitsbased on actud operating conditions Thislatter goproach
will require a continuing invesment in methods and techniquesfor grid andydsand opera
tion because such methods are not possble with today's gae-of-the-art technology.

Performance-based regulation (PBR) should be usad to cregte incentives for tranamisson
congruction and efficient tranamision operation and maintenance practices Appropriate
PBR methods should be developed in conaultation with those who have experience with
thistype of regulation, both insgde and outdde of government. However, thistopic isout-
ddethe purview of thisisue paper.

Sudy and enabling of a sysem-wide, red-time Sate Egimator should be undertaken, to
provide information about the actud gatus of the sysem to both operators and market par-
ticipants Cregtion of thistype of tool will require no new fundamenta ressarch but will
require enliging experts on large-scale computation and encouraging ddiberate develop-
ment and incorporation of new and expanded metering technology including sufficient
metering redundancy, throughout the grid.

Resrves markets should be made locationd, idedly digned with the main energy market,
and nodd if necessary. Thisisaue should be sudied carefully before implementation.

Incentivesfor technicd engineering personnd mug be compatible with the type of taent
and capability tha isrequired for grid operation and desgn. It isimperative tha al limits
and decisonsrdating to grid operations be compatible with sound engineering practices

Sysem operators should remain independent and not be direct market participants
Neverthdess some form of PBR should compensate and motivate sysem operators

Proper condderaion of lossesisesentid. The correct way to handle lossssisthrough use of
pendty factors obtained from the sysem Jacobian matrix. Alternatively, an Optimum Power
Fow can be usd.
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Introduction

Enauring the rdiability of the U.S power sysem requires addressng both the sysem’s physca characteris
ticsand the commercia and regulatory frameworkswithin which it operates Determining who setsrdiabili-
ty rulesand how may be one of the mog chalenging aspects of maintaining reliability in an incressngly
competitive dectricity indugry. The chalenge arises because bulk-power rdiability and commerce aretightly
integrated; it isnecessary for al involved (government policy makers regulators consumers, independent
generators and power marketers aswell asthe utilitiestha traditionaly sat and implemented the rules) to
undergand how bulk-power sygems are planned and operated, under both normd and contingency* condi-
tions, to participate effectively in commercid markets And the reverseistrue. One should not st rdiability
gandardswithout underganding how they will affect markets

Theflow of power through the nation's dectricity sygemsis governed by the laws of physcs s an action in
one place on the transmisson grid affectsthe entire grid. Thus dthough combining individud utility sys
temsinto an integrated network increases rdiability (by providing redundancy) and saves money (by permit-
ting commerce among regions), interconnections dso increase the potentid for large-scae blackouts

Because the network isacommunity asst, itsusersmug cooperate to ensurethat it remainsviable. And
because large-scde blackouts are 0 onerous common practice isto take extendve preventive action to asure
that they do not occur. This prevention isusudly successful, so theimpact of rdiability issueson thetrans
misson sysgem tendsto be economic (i.e, commercid transactions are curtaled and/or power pricesare

A contingency isthe sudden unexpected falure of agenerator, atrangmisson line, or other piece of equipment con-
nected to the dectrica sysgem.
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raisd in order to maintain rdiability) rather than physca (power outages are usudly locdized and not wide-
goread). Contingency reserves (generation or load that can respond rapidly to sysem-operator commands
and extratrangmisson cgpacity tha ingantaneoudy accommodates the changed flow patterns) provide rdia-
bility by functioning asinsurance againg the sudden loss of ageneraor or trangmisson line.

Managing rdiability raisesimportant commercid and societd issues Rdiability rules can favor some com-
mercid entitiesand exdude others and these rules affect dl of society because they affect dectricity prices
dectricity availability, and the environment (i.e,, the locations of trangmisson facilities and the amounts
locations and types of generation, which dl have arole in assuring sysem rdiability, have environmenta
impacts). All usrsof the power sysem have an interes in how religble the sysem is what the cogs of reia-
bility are, and how decisons concerning rdiability are made. Deciding who participatesin decisons con-
cerning setting and implementing rdiability sandards and how consenausisreached involves consderations
that range from broad policies regarding the overdl levd of desred rdiability to secific rules governing what
isrequired to participate in particular power sygem functions Often the amal group that decides gpecific
detalls of sysem rdiability rules determinesthe levd of risk to which the overdl community is subjected.
Cugomers have some choice about the rdiability of their dectricity supplies—those who require greater
rdiability than the sysem provides can ingdl additiond equipment (uninterruptible power suppliesor indi-
vidua generators, for example) at their own expense to meet ther gecific needs Cusgomers may a0 have
some limited ability to lower thar dectricity cogs by agresing to acoept lessrdiable service (i.e, by buying
interruptible power) or by sling rdiability services back to the power sysem.

The North American bulk-power sysem is geographicaly vad, covering the lower 48 dates Canada, and
partsof Mexico. It isdso organizationdly vadt, encompassing awide range of large and samdl public and pri-
vate entities generators power marketers trangmisson owners trangmisson operators and consumers It
mug operatein red time within numerous physcd condrants and there are differences of opinion about
how best to proceed given these congraints Mechaniams are neaded to make decisons and resolve digoutes,
which requires authority derived from some esablished source. Thisauthority could be governmentad—fed-
erd or gae—or basad on contractud arrangements

One organization that has been auggesed to adminiger rdiability isthe North American Electric Rdiability
Coundil (NERC), which isin the process of evolving from a bottom-up, indugry-dominated, volunteer
organization into the North American Electric Rdiability Organization (NAERO), with an independent
board. NAERO proposesto st and enforce mandatory sandards with regiond rdiability councilsthat
report to it (rather than vice versd). Regiond rdiability authorities have dso been proposed; these authorities
would be free to egablish gandardsthat focus on regiona conditions

The requirements of rdiability management and oversght mug be ddineated in order to asessthe extent to
which dternative inditutiona gructures can meet them. Federdly derived authority isattractive because it
would provide uniform coverage across the naion, o it would not require the negotiaion of numerous par-
dld agreements

In the remaining sctions this paper examinesthe following key issuesrdated to trangmisson sysem rdia-
bility management and oversght:

e Thehidoricd gpproach to rdiability in the U.S, i.e, the creation of control areas and

B-2 Nationa Tranamision Grid Sudy



interconnections and the formation of NERC.
e Theunique features of the dectric power sysem that affect rdiability.

* Rdiability from arisk perspective who causesrisk, who isexposed to it, and who pays for
reiability.

* Thenead for and progresstoward messuring, paying for, and enforcing reliability.
* Governanceissuesfor new rdiability organizationsin aregructured dectric utility indudry.

e Actionsthat DOE, the Federd Energy Regulatory Commission (FERC), and others should
take to improve the rdiability of the bulk-power sysem and our key findings

Background

Although we know when the lights are off, bulk-power sysem rdiability cannot be easly or unambiguoudy
defined. A reliable dectricity sysem permits few outages or interruptions of service to cusomers outages
can be defined in terms of ther number, frequency, duration, and the amount of load (or number of cus
tomerg) affected. Equaly important, but much more difficult to quantify, isthe value of loss of load. A 10-
minute power outage in aresdenceisan annoyance but usudly imposes only smal economic cogs A
dmilar outage for a computer-chip manufacturer might entail the loss of millions of dollars of output.

Although generation and tranamission failures cause only asmdl fraction of U.S. power outages, ther eco-
nomic and ocietd consegquences can be much grester than those associated with digribution outages
Didribution outages account for the vagt mgjority of cusomer outage events and outage time. Bulk-power
outages, however, generdly affect many more cusomers Smultaneoudy and are much more difficult to
recover from than digribution outages For example, the bulk-power outagesthat occurred in the wetern
U.S during the summer of 1996 affected amuch larger areaand many more people than did the Chicago
and New York digribution sysem outages during the summer of 1999.

Thetrangmisson sygem operator hastwo basc mechaniansto assure reiability: control of commerce and
deployment of reserves? When rdiability isthreatened, the fird mechaniam, control of commerce, redis
patches generation away from the leest-cog (in atraditiond, verticdly integrated utility) or freeemarket (in a
resructured environment) pattern. Thisredigoatch can be accomplished by means of a number of mecha
nisms, such as NERC's Tranamisson Loading Rdief (TLR) protocols, rdiability-mug-run contracts or loca
tiona margind prices, and isthe subject of the pagper Trangmisson Sdem Operation and Interconnedion by
Alvarado and Oren in thisvolume The second goproach for responding to rdiability threats deployment of
rexrves isthe primary subject of this paper. Reserves which can be procured through markets fit into the
caegories of extrageneraion, extratranamision, and load that iswilling to curtail in the event of asudden
unexpected falure of generation or trangmisson.

2T hese two mechaniams are not completdy independent. When reserves are acquired, they are taken out of commerce,
raigng the price of dectricity.
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Interconnections and Control Areas

The North American dectricity sysem isdivided into three interconnections (Figure 1): the Eagern, the
Wegern, and the Electric Reiability Council of Texas (ERCOT, which coversmog of Texas). Within each
interconnection, dl the generators operate a the same frequency as essntidly one machine generatorsare
connected to each other and to loads primarily by dternating current (AC) lines Theinterconnectionsare
connected to each other by afew direct current (DC) links Because these DC connections are limited, the
flows of dectricity and trade are much grester within each interconnection than between interconnections

The entity fundamentally responsgble for maintaining bulk-power rdiability isthe control area. NERC
definesa control areaas “An dectric sysem or sygems bounded by interconnection metering and tdleme-
try, cgpable of controlling generation to maintain itsinterchange schedule with other Control Aressand
contributing to frequency regulation of the Interconnection” (NERC 20018). Control aress are linked to
one another to form interconnections Each control area seeksto minimize any adverse effect it might have
on other control areaswithin the interconnection by (1) matching its scheduleswith those of other control
aress (i.e, matching generaion plus net incoming scheduled flowsto loads) and (2) heping the intercon-
nection to maintain frequency at its scheduled value (nomindly 60 Hz).

Today approximately 150 control aress are operated primarily by utilities dthough afew are run by inde-
pendent sygem operators (1S09). Contral aress vary enormoudy in gze, with severd managing lessthan
100 MW of generation and the PenngylvaniaNew Jersey-Maryland Interconnection (PIM), Cdifornial SO,
and ERCOT each managing about 50,000 MW of generation. Control areas are grouped into regiond reia
bility councils of which thereare 10 in North America These rdiability regions in turn, are part of the
three interconnections

The number of control aressand their Szeswere st higoricaly; each isthe result of the gpecific manner in
which itsparticular area developed. Although it islikey that there will be fewer and larger control aressin
the future, determining the
“correct” number and S zes of
thexe areasrdaive to today's
dectric power sysem isa com-
plex combination of technicd,
politica, and market consdera-
tions When control aressare
too andl and too numerous,
coordinaion among them is
difficult. When acontrol areais
too large, it isdifficult for the
sysem operaor to manage.
Unfortunaéy, some control
aressview ther autonomy asan
economic advantage that they
arerductant to give up; some
generators have dso sought to

Figure 1: NERC's10 regonal coundlsoover the48 contiguousgates mog of
Canada, and a partion of Mexico.
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become autonomous control areesfor Smilar reasons These atitudes draw atention to the need for true
independence of sysem operators and dearly defined operating rules o tha al parties have confidence that
they are being trested fairly.

NERC

Higoricdly, the verticdly integrated utility indugry utilized the North American Electric Rdiability Coundil
(NERC) abottom-up, dectric-utility-dominated, volunteer organization to esablish rdiability rulesand
monitor compliance NERC wasformed in 1968 in the aftermath of the 1965 Northeeg Blackout and in
reyponse to the 1967 U.S Federd Power Commisson report on that blackout recommending the formation
of an indugry-bassd nationd rediability organization. NERC isfunded by 10 regiond councils, which adapt
NERC rulesto meet the neads of ther regions In 1994 the regiond councils opened their membership to
independent power producers power marketers and dectricity brokers, and in 1996 NERC opened its
board and committeesto voting participation by independent power producers and power marketers
(NERC 20014). NERC and theregiond councils have largely succeeded in maintaining a high degree of
tranamisson-grid rdiability throughout North America However, the organization isdominated by repre-
sentatives of the supply sde (generation and tranamission) even though the organization's purpose isinsure
the reiability of supply to the consumer. NERC replaced its 47-member combined sakeholder/independent
board with a 10-member independent board in March, 2001. Members of the independent board are ill
Hected by a gakeholder committee, however, rather than being gppointed or dected through a politica
process asregulatorstypicaly are®

Higoricaly, the reiability councils have functioned without externa enforcement powers and have
depended on voluntary compliance with gandards NERC isnow in the process of converting to a sysem
of mandatory compliance under which violationswill be subject to pendties (including fines). A pilot
compliance program isunderway to tes proposed sHf-evauation, data-reporting, and auditing procedures
In the absence of federd legidation requiring compliance with reiability sandards, NERC haslimited abil-
ity to enforce itsrdiability rules in case federdly derived authority isnot forthcoming, NERC and the
regiond rdiability councils are going forward with plansto enforce compliance through contracts and
agreements

Many Wesern Sysems Coordinating Council (WSCC) members have voluntarily entered into contracts
committing them to abide by WSCC rdiability rules WSCC isable to impose fines on these membersif
they fail to medt rdiability gandards In thiscase, contract law, rather than federd regulatory authority,
enforcesrdiability. The severity of sanctionsincreases with sriousness and number of infractions However,
thisisavoluntary process and not dl WSCC members have agreed to these contractua obligations

3The NERC gtakeholder committee has 35 voting members: one from each of the 10 regiond councils two from
investor-owned utilities two from gate/municipd utilities two from cooperative utilities two from federa

utilities power marketing adminidrations two from merchant generators two from dectricity marketers, two from
large end-use cugomers two from smal end-use cugomers two from transmisson-dependent utilities two from
ISOFRTOs two from Canada at large, and one from Wegern Canada. There are 0 9x non-voting government rep-
reentetives onefrom the U.S. government, one from each of the three Interconnections one from the Canadian fed-
erd government and one from the Canadian provincid governments (NERC 2001b).
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Until afew years ago, FERC and NERC operated on pardld tracks FERC oversaw bulk-power commerce,
N ERC oversaw bulk-power rdiability, and little interaction was nesded between the two. Unbundling gener-
ation from trangmisson and creating competitive markets for dectricity have dramaticaly changed this stu-
ation. Theindugry now recognizesthat rdiability and commerce aretightly integrated. Incressngly, FERC
receives casesin which market participants complain that they face a competitive disadvantage because of
NERC rdiability rules their implementation, or both. Partly to address these concerns, and recognizing the
growing interaction between rdiability and commerce, NERC egablished aMarket Interface Committee as
acomplement to itslong-ganding Operating and Planning Committeesin Segptember of 1998.

In reponse to recent NERC requirements Regiona Security Coordinators address rdiability issueswithin
the rdiability regions and across regiond boundaries These coordinators conduct day-ahead security andy-
g5 andyze current-day operating conditions and implement NERC'sTLR proceduresto mitigate tranamis
gon overloads

Reliability Requirements

The dectric power sygem isacommuna reource. All users (generators and cusomerdloads) share the ben-
ditsof interconnected sysem operation. Rdiability rules are required to asaure that the activities of one user
or control areado not adversdy impact sygem rdiability for other usersor control aress

Rdiability rulesrequire tha control arees maintain a baance between generation and load and that they
hdp maintan interconnection frequency. NERC’s Control Performance Sandards1 and 2 (CPS1 and 2)
egablish requirements for maintaining generation and load baance under normd conditions The
Digurbance Control Sandard (DCS) requiresthat control areasre-esablish the generation-to-load baance
within 15 minutes of the unexpected falure of a generator or tranamission line NERC a0 requires voltages
to be maintained throughout the power sysem under norma and contingency conditions. For this purpose,
N ERC requiresthat control aress have resrves (extra generation, extratranamisson cgpacity, and/or respon-
gve load) ready to repond immediatdy when the need arises These rexerves can be obtained through mar-
kets but they mug be reppongveto sysem operator commands

Unique Features of Electricity

Bulk-power sygems are fundamentdly different from other large infrasructure sygems such asair-traffic
control centers naturd-ges pipdines and long-digance tdegphone networks Electric power sygems have
two unique characteridics

e Thenead for continuous and near-ingantaneous baancing of generation and load, conss
tent with tranamisson-network condraints thisrequires metering, computing, telecommu-
nicaiions and control equipment to monitor loads generation, and the transmisson sysem
and to adjug generaion output to match load.

*  Theprimarily passve character of the tranamisson network, which hasfew “control valves’
or “booger pumps'’ to regulate dectric power flowson individud lines control ectionsare
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limited primarily to adjuging generation output and to opening and closng switchesto
remove transmisson linesfrom or add them to service

¢ Thesetwo unique characterigics have four consequencesfor sygem rdiability, with practi-
cd implicationstha dominate power-sysem desgn and operations

e EBEvery action can afect dl other activitieson the grid. Therefore, the operations of al
bulk-power participants mugt be coordinated.

e Caxading problemsthat increase in severity are extremey serious Falure of asngle
eement of the sygem can, if not managed properly, cause the subsequent rapid failure
of many additiond dements digrupting the entire tranamisson sysem.

e Thenead to beready for the next contingency dominatesthe desgn and operation of
bulk-power sysemsto a greater degree than do current conditions It isusudly not the
present flow through aline or trandormer that limits dlowable power trandfersbut the
flow that would occur if another dement failed.

*  Becausdectridity flowsa the gpeed of light, maintaining rdiability often requiresthat
actions be taken ingantaneoudy (within fractions of a second), which necesstaes
automatic computing, communication, and control actions

Reliability Functions

To maintain rdiability, the sysem operator mug continuoudy baance generation and load, maintain
acceptable voltages throughout the sygem, and avoid overloading trangmisson lines and trandormers*
Trangmisson line flows cannat, in mog cases, be controlled directly, 0 lineloads mug be controlled by
placing linesin and out of service and by determining which generators are dlowed/required to operatein
reponse to changing load patterns® Theinteraction between rdiability requirements and requirementsthat
determine which generators can/mus operate are primarily economic (they resrict transactionsand raise
prices as discussed by Alvarado and Oren, Trangmisson Sdem Operation and Interconnedion in thisvolume).

It isnot aufficient, however, to operate the power sysem 0 that generation matchesload, voltages are
acceptable, and none of the tranamision linesis overloaded a the present moment. T he power sysem oper-
ator mug dso be concerned about contingencies—how the sysem will respond if atranamisdon lineor a
generator suddenly fails Fgure 2 illugrates how the dectric power sysem operates when amgor generating

“The power sygem isvulnerable to the overloading or sudden unexpected failure of any dement of the tranamisson
gygem. Trangmisson lines trandormers circuit breskers inductors etc. aredl of concern. Theterm “trangmisson
lin€’ in thisdiscusson refersto dl of these dements

SControlling loadsis equdly effective but generdly harder to do.
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Figure2: Interconnedtion frequency before and after thelosdof a 653-MW gn-  unit suddenly fails® Prior to an
gata. Theins howsfrequency for thefirg minute after the autage and the outage, system frequency isvery

large figure howsfrequency far thefirg 20 minutesafter the outage dosto its 60-Hz (cydes per seo-

60.05 ond) reference vdue. Generdly
within asecond &fter an outage
occurs frequency drops in this
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provide contingency rexrves In the examplein Fgure 2, the sysem worked asit wasintended to, and fre-
guency was regored to its precontingency 60-Hz reference vaue within the required 15 minutes (at 8.5
minutesin thiscass).” Dedicated contingency reserves are required because thereisinaufficient time after a
contingency to arrange for them. Smilarly, there mug be sufficient extra capacity available on trangmisson
linesto accommodate the changed pattern of generation tha results when contingency reserve generators
ingantly replace afaled generator. Additiond transmisson cgpacity done may be adeguate to accommodate
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The overdl god of rdiability rulesand proceduresisto kesp cusomers lightson. Rdiability can be divided
into two basc dements adequacy and security (the accompanying text box gives NERC's definitions for
these two terms). Adequacy focuses primarily on assuring that there are aufficient generation and tranamis
don resources available to serve the expected load. Security focuses on the ability of the power sygem itsdf
to withgand inevitable contingencies Both conceptsinvolve planning and operaions but adegquacy focuses
more on planning to asure that enough resources are available, and security focuses more on operationsthat
will permit the power sygem to remain viable even when unexpected events occur. It isdifficult for opera:
torsto take actionsthat resore adequacy if insufficient generation has been built to serve the actud load.
Conversdy, an inadequate sygem can gill be run securdy if the sygsem operaor takes actions (which, unfor-
tunatdy, may include intentiona shedding of load) to ensure security.

SERCOT isddiberatdy usd in thisexample becauseit isasndl Interconnection, so frequency swings are more pro-
nounced there than in the larger Interconnections It would teke an 8,000 MW drop in generation in the Eagtern
Interconnection to obtain the same frequency drop asin thisexample, and no generating unitsare that large. In this
regard, larger interconnections are “better” than amaler ones because more generators are available to repond to emer-
gencies however, there do hasto be enough trangmisson capacity to adequately couple the generators and to keep the
gydem gable

At the time of thisdigurbance, NERC's dlowable disurbance-recovery period was 10 minutes
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NERC's Definition of Reiability

NERC, the primary guardian of bulk-power reliability, was established in 1968. NERC's creation was a
direct consequence of the 1965 blackout that left almost 30 million people in the northeastern United
States and Ontario, Canada, without electricity.

NERC defines reliability as "the degree to which the performance of the elements of [the electrical]
system results in power being delivered to consumers within accepted standards and in the amount
desired." NERC's definition encompasses two concepts: adequacy and security. Adequacy is defined as
"the ability of the system to supply the aggregate electric power and energy requirements of the con-
sumers at all times."Security is defined as "the ability of the system to withstand sudden disturbances."

In plain language, “adequacy” implies that there are sufficient generation and transmission resources
available to meet projected needs plus reserves for contingencies. “Security” implies that the system
will remain intact even after outages or equipment failures.

Load as a Reliability Resource

Theinherent repondveness of loadsto power sysem conditions and the sysem operator’s (limited) ability
to control loads both have important implications for rdiability. Motor loadsinherently reduce their power
demand as sysem frequency fals for example, hdping to gabilize the power sysem when generation islod.
Smilarly, heaters and incandescent lamps reduce their power consumption when voltage drops This“natu-
rd” reponse has diminished in recent years as 0lid-gate power-conditioning equipment compensates for
changesin ddivered power; for example, asvoltage or frequency drops, load-controlling equipment increases
the consumption of current to maintain the energy being ddivered to the load. There are some benefitsto
lid-gate load control, however. Some load control equipment isdesgned to disconnect loadsto protect
againg damaging undervoltage. Thisresponse prevented a voltage collgpsein amgor U.S city recently even
though the response was uncoordinated and unplanned.

The sysem operator can aso control how much load is served. Some loads respond to price Sgnds other
loads may be directly under the operator’s contral (i.e, the cusomer has agreed to have load curtalled a the
sydem operaor'sdiscretion). Load control, epecidly based on cusomer repponse to market sgnas isan
underutilized resource for heping ensure sysem rdiability (Hirgt and Kirby 20014d). Loadstha respond to
energy price dgnadstend to mitigate rdiability problems because energy prices are often high when the
power sygem issressed and generation resources are scarce. Cusomerswho defer energy consumption to
time periodswhen prices are lower hep themsdves by reducing their energy cogs hep other cusomers by
reducing energy price goikes and generdly increase sysem rdiability by improving the generation/load ba-
ance. Loadsthat gecificdly sl rdiability reservesto the power sygem (currently asmal number) are trest-
ed in the same fashion as generation rdiability reserves that is they improve rdiability by increasing the
resrve supplies

Operators dso have the crude ability to “control” (disconnect) loadsthat have not agreed in advanceto be
curtaled. When the power sysem isunder severe gress the sysem operator’s primary focus shiftsfrom pro-
viding dl loadswith eectric power to ensuring the sygsem’sviability. In the word case, some loads become a
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resource whose primary function isto gabilize the power sysem. The sygem operator usesthe only con-
trol over loadsthat is generally available: ddiberately disconnecting blocks of loads In this dtuation, sys
tem security ismaintained at the expense of adequacy. Although thismight at firs appear to be a conflict
in priorities, it isnot. Serving loads safdly, reliably, and economically is gill the sysem’s priority. Under
these unusua conditions however, load can best be served by securing sysem viability firg and attending
to loads second. This approach is preferable to the more difficult and lengthy process of restoring the
power sygem after amgjor regional collapse, which disupts service to dl cusomersin the region.
Curtalling service to afew cusomersto maintain the sysem's viability greatly reducesthe tota number of
cugomerswho are affected. Deliberate curtailments aso generdly leave cusomers without power for
shorter periods than would be the case during aregiona outage. Intentiona curtallments can result from
automatic relay action (under-frequency or under-voltage load shedding) during a disurbance. They can
a0 reault from sysem operator action, either preemptive—aswith Cdifornidsrolling blackoutsin
2001—or in reponse to adisurbance.

Although load curtalment eventsarerare, they areimportant asthe lag line of defense before the power sys-
tem collgpses Preparing for them requires consderable planning. Agresing to the rulesunder which they are
implemented requires consansus amnong technicd, busness and regulatory interess Rules governing how
the sygem operator usssinvoluntary load curtailment should be publicy esablished and available.

Risk

Power sysem rdiability management isrisk management—a tradeoff between lower codsand gredter rdia
bility. The commund nature of the trangmisson sysem meansthat dl users share therisk. The fundamenta
reiability management and oversght issues are determining what risksto take, when to take them, how
much money to gpend on risk mitigation, who pays for rdiability, who isexposed to the remaining risks
and who decides on these matters. These questions are much more complex snce regructuring than they
were for the verticdly integrated indugry of the pag. Finding satiactory answers requires obtaining consen-
susamong technica, busness and regulaory interets®

The verticdly integrated utilities of the pagt and their regulatorsimplicitly agreed on the leve of rdiability
to be maintained (and, therefore, on the amount of generation and tranamission reservesthat each utility
caried). Greater flexibility exiged for repponding to changing risks A sysem operator of averticadly inte-
grated utility, for example, could decide to decrease dependence upon long trangmisson lineswhen athun-
dergorm gpproached the service area by reducing remote generation and increasng generation doseto the
load. Theincreased cog of the off-economic digoatch was borne by dl cusomersif the regulator approved
of the practice. The key cog wasthe differentid in production cogts between cheap remote generators and
expendve locd generators Cusomers saw thiscod only asa dight increasein their average annud rates
Little andyds may have been required to judify this practice — and little anayss might have been possble
because of the difficulty of precisdy quantifying the change in outage probability or the cog of outages
Thus implementation might have been I€eft to the judgment of the sysem operator. This practice of dtering

8T his consensus mug respect the laws of phydcs but there are generdly multiple waysto address any requirement, and
technica concernsare not the only, nor necessarily the dominant, onesto address
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rdiability rulesbased on the sysem operator’'s judgment and experience may not be permitted in the resruc-
tured indugtry, however. In particular, independent remote generatorswould object to their salesbeng cur-
taled. Impacts on remote generators are much gregter than the Smple production cog differentia between
remote and locd generators for independent generaors the difference is between running at a profit and
gtingidleat aloss In addition, the remote generator might have to pay for the operation of the competing
loca generator if the remote generator had made afirm sdeto locd cusomers Remote generatorswill indgt
on detaled andydgsto demondrate that the curtailment of ther facilities was necessary, beneficid to the sys
tem, and donein anondiscriminatory way. It isimportant for the sysem operator not only to be independ-
ent of commercia concernsbut to be perceived asbeing independent. To the grestes extent possble, the
sydem operaor’'s decisons should be based on andydsrather than persond judgment. The andyss methods
and results should be made public dong with data concerning sysem performance.

The view from the cusomer’s or load's pergpective is somewhat different. It isprimarily the loadsthat are
vulnerableto therisk of sydem failuresand blackouts It isaso the loadsthat pay the higher cods asociated
with greater rdiability. In the future, cusomers may want to participae more directly and fully in the rule-
making process aong with the traditiona participants (generation and trangmisson companies).

Smilarly, society asawhole and the governmenta bodiesthat represent and protect it have an intereg in
power sygem rdiability. Whilelocd power outages primarily affect cusomersin theimmediate area, wide-
goread outages have adigoroportionatdy larger impact. Public sfety isthrestened. Police and fire depart-
ments can be overwhemed with reponse cdls All commercid activity hdtsin the blacked-out region.
These negative consequences of outages are the reason that the power indugry has higoricaly emphasized
sydem security a the expense of rdiability for individua cugomers even though the purpose of the power
gydem isto deiver rdiable power to cusomers

Adequacy and Security

Asnoted above, adequacy focuses on enauring, in thelong term, that sufficient generation and tranamisson
are planned, designed, built, and available to meet load requirements Security addresses the short-term aur-
viva of the power sysem when disurbances occur. These two characteridics of rdiability interact. A sysem
with ample generation and tranamisson resources will be adequate and (if run well) secure because there will
be aufficient resourcesto serve load and respond to contingencies Adequacy, security, or both are reduced
when there are not enough resourcesto serve dl load requirementswith sufficient additiond reservesto
address contingencies

Adequacy can be maintained at the expense of security. That is, the power sygem can serveitsfull load
without holding back reserves but the reaulting risk isthat it would not survive a severe contingency. The
risk period may be limited to those few hours per decade when loads are particularly high or when genera
tion or tranamisson equipment isout for maintenance, or the risk may be much greater and more frequent
if the sygem issxioudy deficient in resources Risk probability differsat different timesaswel, eg., trans
misson line outages are much more likdy during athundersorm than on aclear day.

Qg asadequacy can be maintained at the expense of security, security can be maintained at the expense of
adeguacy. That is load can be curtailed to maintain generation and tranamisson reservesthat protect the
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gydem againg contingencies Load can be controlled by means of market mechaniams (repondve load
programs) or through command-and-control mechanisms (rolling blackouts or underfrequency relays).
Curtalments may be limited to smal geographic areas or they may be sysem wide, depending on need.
A curtallment may be necessary for only afew hours every decade or as often asdaly.

All power sygems baance adequacy and security in addressng rdiability. It isnot practicd to build a power
gydem that can withgand dl contingencies or tha will remain adequate under dl circumgances Because
the sygem cannot be 100 percent rdiablein practice, theimportant quesions are who takeswhat risks
when and who decides on therules

Risk Response

Contingency resrves and operating rulesthat govern their use are the primary mechanismsto mitigate risk.
A brief look a the function of contingency reserves givesingght into how reserve rules have been esablished
and may hep to guide how reserve rules should be st in the future. Contingency reserves are resourcesthat
are kept out of servicein anticipation of the sudden failure of a generator or trangmisson line. Ther pur-
poseisto address a probabiligic problem (the datigica event of a contingency occurring); however, contin-
gency planning has been treated as essntidly determinidic. That is the NERC requirement for ensuring
bulk-power-system rdiability isdeterminigicin that it requiresthat the power sygem be continuoudy able
to withgand any sngle contingency regardless of the probability of occurrence, the cod to protect againg it,
or the cog of failing to protect againg it. Secificaly, NERC requires dl control areasto operate 0 that
“ingability, uncontrolled sparation, or cascading outageswill not occur asaredult of the mog severe dngle
contingency. Multiple outages of a credible nature shdl aso be examined and, when practicd, the CON-
TROL AREAS shdl operateto protect againg ingability, uncontrolled sparation, or cascading outages
reaulting from these multiple outages” (NERC 2001a)

Thereisa probabiligic nature to deciding which multiple contingencies are credible and should be consd-
ered; sysem plannersand operatorsuse an informa, ddiberate, closed processto decide which contingencies
are credible and which are not, and what types of eventsthe sysem should be designed to survive. Theloss
of any Ingle generator or line (the N-1 criterion), for example, isdmog dways conddered. The Smultane-
ousloss of both circuitsin double-circuit configurationsis dso often consdered. The Smultaneous|oss of
multiple generaorsa a sngle generating plant may be consdered if there are common-mode failuresthat
can afect multiple generators® Decisons about what to take into account are primarily based on the plan-
ners and operators experience with the power sysem rather than on detaled probabiligic caculaions

Oncethe process of deciding which contingencies merit the expense entailed in guarding againg them and
which contingencies are aufficiently unlikdly tha they do not, the process becomes more determinigic.

A simple example system

Foure 3 preentsa Smple isolated power sygem condging of two generators supplying loadsthrough asn-
getrangmisson line The resrve requirements are Sraightforward. The generator output and line flow are
dways egqud to thetotd load. Contingency reserves equd to the current generaor output are required con-

°A “common-mode’ falureisasngle event tha could trigger what would otherwise be congdered a multiple contin-
gency. Thefalure of acommon cooling water supply or acommon fud supply could cause the Smultaneousfailure of
multiple generating units
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Figure 3: Contingancy resrvescompensate for the unexpeded lossof gengration or transmisson in thisislated example
sdeam. Inaeasng the numbe o gmeatarsand redudngthar individual sze reducssthe required genegration contin-
oy remrve
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tinuoudy. T he contingency reserves can be made up of any combination of generation that isableto come
on line quickly enough and load that can be removed quickly enough.

It might berationd to decide tha the probability that both generatorswill fal a the ssametimeislow
enough that it iscod effective to provide only enough reservesto cover theloss of adngle generator @ a
time That decigon would cut the reserve requirementsin haf (assuming the two generators are of equa
§z6). The generators themsdaves can supply the reserve for each other. For example, each could be loaded
to hdf capacity; the unloaded haf capacity remains available asthe reserve for the other generator. If there
are 10 generatorsingead of two, it iseader to seethe attractiveness of thisoption, with the reserve require-
ment being equd to the largest amount of load being carried by any one generator. Reserve requirements
remain high (equd to thetotd generation rather than individua generating unit output), however, if trans
misson contingencies are d <0 congdered because both generators use the same trangmisson line In any
cax, determination of the reserve requirementsisa determinigic process once the credible contingencies
have been sdected.

The N-1 criteria gppears draightforward in this case, though there are some complexities Falure of ether of
the generatorsor the transmisson line will affect dl of the loads reserves mug protect againg both contin-
gencies Thisrequirement meansthat reserve generation mug be located near the loads or a combination of
remote resrve generation and reserve tranamisson mus be maintained.*® T he reserve requirements now
become determinidic. It doesnot matter whether the generator typicaly fails once an hour, once awesk, or
once ayear. The reserve requirements remain the same until the probability of failure becomes low enough
that the reserve requirement can be diminated dtogether. The falure rate may influence the choice of facili-

For dmplicity, the reserve tranamisson is shown asa separate linein the figure. Because it isnot economic to directly
control flowson individua AC transmisson lineswithin a nework, both the “primary” and “reserve’ capacity would
actudly be on the same physicad tranamisson lines For example, two parald lines could each be loaded to hdf of ther
individud capacities or three pardld lines could each be loaded to two-thirds of ther individud capacities
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ty that providesthe reserves but doesnot affect the number of megawattsthat mugs be maintained.* The
amount of resrvesrequired isequd to the amount of precontingency generaion (ignoring changesin loss
e9). If any lessismaintained, the sysem collgpses because pog-contingency load will exceed generation.*
Maintaining any moreisawage of resources

Multiple versus single contingencies

The smple example above demondrates how the probability of a Sngle contingency doesnot affect contin-
gency reserve requirements unless the contingency is so improbable thet it can be ignored completdy.
Interesingly, multiple contingencies do exhibit a Smilar nonprobabiligic characterigic. If we greatly over-
amplify to examine the underlying concept, we can assume a power sysem with 500 critica transmision
linesin which thetypica tranamisson line experiences an unscheduled outage once every 10 years This
meansthat the sysem operator faces about one contingency per week. The power sygem cannat be alowed
to collapse on aweekly bass 0 the sygsem mug be protected againg sngle contingencies even though they
each only occur once every 10 years

The probability of multiple Smultaneous contingenciesis much lower. Assuming that atypicd tranamisson
outage la2s 0.1 hours (mog are retored through automatic recloser action in ashorter time otherslag
longer, but the sysem operator takes corrective action within afarly short time to reduce the sygem'svul-
nerability), the probability of a second line failure occurring while the firg lineisout of service, adouble
contingency, isreduced to one event in 35 years In addition, many of these double contingencieswill be
aufficently ssparated dectricdly so that they will not have compounding effects Assuming that 25 percent
of the double contingencies threaten sysem viability reducesthe risk to one event every 140 years Thisisan
7,008:1 ratio in the probability of a sngle versus a double contingency.

Although the amplifying asumptions and numbersin the example above have little rdationship to redity;,
they illugrate an important point: the differencein probability of Sngle veraus multiple contingenciesis 0
great that it may be reasonable to ignore multiple contingencies unlessthere isa common falure mode. This
reasoning helps explain how power sysem planners and operators were able, when theindusry was verticd-
ly integrated, to independently assessreserve requirements and rdiability ruleswithout needing extensve
conaultation with loads generators, regulatorsand others

Ddiberate damage to the power sysem isan ever-incressng concern for utilities law enforcement, policy
makers regulators and the public. Incressng the atention paid to power sysem rdiability in generd will
hep reduce the sygem's vulnerability to terrorism. Ddiberate attacks on the power sysem pose unigque con-
cerns, however, as addressad in the accompanying text box.

1 the primary generator or tranamisson line falsinfrequently, then the reserve generator should have alow capitd
cog but may have ahigh operating cog. If the primary supply fals once awesk, it may be better to inves morein the
contingency supply to lower operating coss

2Thisisnot grictly true If theload ishighly frequency senstive, the sygsem could ttleto agable lower frequency if
“dmog” enough reserves were available.
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“Flexibility” in Reserve Requirements

Thered world isnot quite as draightforward asthe Smple sygemsin the example above where reserve
requirements gppear to be completdy determinidic: @ther the sygem has enough reservesin the correct
placesto survive the contingency or it doesnot; if it doesnot, the sysem will collgpsein a contingency.

The contingency reserve requirements outlined in the NERC and regiond rdiability council guiddinesare
amilarly determinigic. Mog regiond councils establish contingency reserve requirements based on the 9ze
of thelargest Sngle contingency for the reserve-sharing group. WSCC requires contingency reserves equd to
five percent of hydro generation and seven percent of thermd generation. Mog require that at leeg haf of
the contingency reserve be spinning [N ERC (2001a) defines spinning reserve as “unloaded generation that is
synchronized and ready to serve additiona demand’], but some only require that 25 percent of reserves be
goinning (FRCC 1999). Which reguirements are “beg” and why?We were unable to find anayss docu-
menting the reasons for the reserve requirementsin any region. These anadyses should be conducted, docu-
mented, and made public 0 they can be assessad by market participants and government regulators

Determining what congtitutes sufficient reserve is complicated by the networked nature of the tranamisson sys
tem, the difficulty of modding the sysem exactly, and the dynamic interactions among multiple generators and

Dédiberate Damage

The power system is designed and operated to withstand the unexpected failure of any single genera-
tor, transmission line, transformer, or other piece of equipment. It is also designed to withstand the
simultaneous loss of multiple pieces of equipment if there are known physical reasons why they would
fail simultaneously. Transmission lines that share transmission towers, for example, could fail simultane-
ously if a tower was damaged. This design philosophy provides solid protection against natural threats,
such as lightning or falling trees. It also provides protection against some types of deliberate damage,
e.g, an individual hunter shooting out transmission line insulators or someone toppling a transmission
tower.

However, the power system is not typically designed to withstand the simultaneous failure of multiple
pieces of equipment from either natural causes (e.g., hurricanes) or deliberate acts of sabotage. One
reason that these types of contingencies are not guarded against is that the networked nature of AC
power systems means that (2) it is quite expensive to protect against all multiple contingencies and (b)
multiple contingencies are quite unlikely. Furthermore, the typical approach to protection—maintaining
reserve transmission and generation capacity—is of limited use against a large-scale threat; a hurricane
or saboteur is as likely to damage six transmission lines as to damage two. Determining which multiple
contingencies to which the power system is currently vulnerable is technically complex and requires
extensive system knowledge.

This means that the nature as well as the amount of protection is different when we consider the risk
of deliberate damage. For example, reserve generation located closer to load is of more value in pro-
tecting against widespread damage to the transmission system than is additional transmission capacity.
Determining what actions should be taken to protect the electric power system from deliberate threat
is of great concern to DOFE’s Critical Infrastructure Protection Program.
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loads All of these factors complicate predictions of pog-contingency conditions Moreover, during a contin-
gency, additiona support may be avalable from other sourcesor in other forms for example, acontrol areacan
typicaly get reserve from the interconnection, and asygem operator may have resources such asdirect control
of load shedding tha can be manipulated rapidly to resore the generation-load baance Together these factors
makeit very difficult to determinethe exact reserve requirementsthat are gppropriate for any indant in time.

If asysem operator findsthat load exceeds expectations and reserves are not available (or are extremey
expendve), what can be done?The operator will curtail al nonfirm transactions and seek help from neigh-
bors ec., but when dl options are exhauged and load plus reserve requirements exceed available generation
capacity, what should the operator do then?One posshbility isto curtail firm load (i.e., black out some cus
tomers) in order to preserve reserve margins and avoid risking aregiond collgpse. Politicdly, thisisvery dif-
ficult to do (in dther the verticdly integrated utility environment or in the retructured environment)
because blackouts receive nationd attention. They point out that the sysem faled to prepare adequatdy for
the eventsthat led to theinadequate supply of energy and reserve, and they frequently prompt a phone call
from the gate governor to the sysem operator’s chief executive. It isdifficult to explain to the public that a
sydem operaor ddiberatdy cut off power to cusomers because there was a chance that a generator or trans
misson line might fall and cause problems

Because of the pressure to avoid loss of power to cusomers, thereisa drong temptation to ded with inad-
eguate reerves without curtailing firm load. Sysem operators admit privetey that they have commonly
drawn down contingency reservesrather than curtall load. This concern isdifficult to document in verti-
cdly integrated utilities because many of their operating procedures are not published. Indugry resruc-
turing and the esablishment of 1SOs have made rdiability rules more specific and more public. The
Cdifornial SO, for example, does not initiate rolling blackouts until operating reservesfdl to 1.5 percent
or less, which iswel beow the WSCC five- to seven-percent reserve requirements (Cadlifornial SO 2001,
WSCC 2001). Smilarly, ISO New England providesfor operations “which may result in degraded sysem
reliability ancethefull operating reserve that isrequired for norma operation isnot maintained” before
the sygem operator resortsto intentiona load curtallment (1SO New England 2001). Deferring the cur-
tallment of load has consequences, however; it compromises reliability in neighboring control areas and
throughout the interconnection.

Two Questions about Community Risk versus Individual Benefit

Two dgnificant, diginct issuesin power sysem contingency reponse are whether the danger of aregiond
collgpseisincressad by rdiability decisons and who pays and who benefits asareault of these decisons

Reducing reserve marginsto the extent that the power sysem isat increased risk of collapse (or taking any
other action tha increasesthe collective risk) has serious consequencesfor dl users of the sysem and for
ciely asawhole Theloads and society suffer the consequencesif thingsturn out badly. Determining
when the power sygem has moved from onelevd of risk to another ishighly technicd. Determining
whether the power sysem should move from one levd of risk to another isacommercid, politica, and reg-
ulatory quegtion that should be debated in a public forum.

Replacing conventiond generation reserves with dependence on the interconnection, fast operator action,
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load responsg, or other amilar drategiesfor reponding to a contingency raises fewer societd concernsthan
reducing reserve marging aslong asthese srategies successully prevent a sygem collapse. These drategies
raise commercid and regulatory issuesfor the individuasinvolved, however.

The communa nature of the tranamisson sygem meansthat risk to the sygem is generdly assumed by the
community a large If an “incredible’ contingency occursor if contingency reserves are inadequate, then
some or dl of the sygem collgpses All of the loads (cusomers) connected to the collgpsed portion suffer.
For alarge outage, additiona societd cods (treffic, police, eic.) are borne by the affected region. Generators
within the collapsed portion of the sysem and generators sdling to loadsin the collapsed portion suffer loss
esaswdl, but the loads suffer the mog sgnificant loss

An individud control areathat findsitsdf short of generation exposes neighboring control areas and loadsto
increasd risk of sygem collgpseif it usesits own reservesto serve load. It isimplicitly reying on reservesin
other areas as backup but without paying the other areasfor this“service” In aresructured dectricity indus
try, eech commercid entity isregpongble for contracting for an adegquate energy supply. If aload falsto
contract for enough supply or if the supply falsto ddiver, then usng contingency reservesto cover the
shortfdl smply rewardsthe poor performer and exposes good performersto added risk. Because the poor
performer likdy saves money by means of thisbehavior, it hasincentiveto repesat itspoor performance.

Risk and Price

Higoricdly, some sysem operaors operated (at lees occasondly) with reduced reserves when reserves were
smply not available In the restructured environment, should the operator’s choice about how much reserves
to procure be affected by the price of those reserves? Contingency reserve prices vary dramaticdly, as shown
in Figure 4. Although the price of goinning reserveswastypicaly quite low in June, 2000 (the median price
was only $5/MWh), it reached its $750/MWh cgp two percent of the time and was above $100/MWh 12

Figure4: Contingmcy rervepricssin Cdlifornia aretypicaly low with ooccasonal price percent of thetime. The
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amount procured basad on the price. Deciding which contingencies are credible and mug be protected
agang ishadcdly aprobabiligic economic tradeoff.® That is we don't protect agang contingenciesthat
aretoo unlikdy and/or whose conssquences are very low cog. Said another way, we Sop protecting agang
contingencieswhen the cog of the protection exceeds the benefit of avoiding the contingency.
Unfortunady, it isdifficult to rigoroudy andyze this economic tradeoff. Ussful data on contingency proba-
bilitiesand the cods of the contingencies (the vaue of log load) are not available.

It isdso difficult to unambiguoudy vadue load that islog when the sysem operator curtalsload ether pre-
emptivey with rotating blackouts or during a contingency. Thisload shedding isinvoluntary for the loads
affected but voluntary for the sygem in tha the sysem operator ddiberately usesload to resore or indead
of generation reserves An “advantage’ to the sysem and the loadsthat are not curtailed isthat the loads
that are involuntarily shed are generdly not compensated. Compensating curtailed loads would reduce the
economic incentive to push the cogt of involuntary load interruptions onto certain loads chosen by the sys
tem operator.

An improved sysem would be to etablish a market-based program for loadsto voluntarily offer, for aprice,
to immediatdy curtail in the event of a contingency. Such a program would formally recognize voluntary
load response as alegitimate contingency reserve. Technology would have to ensure that the regponse was as
fag and accurate asthat offered by generators It isimportant to note that this use of load asa contingency
reserve resource does not change the sysem's reserve reponse it only reducesthe need for generation to sup-
ply that reserve. | SOs expanded ther emergency and economic demand-response programsin 2000 and
again in 2001 asan initid gep in thisdirection.

New risks: common-mode failure, gas, trading hubs, and time

Making the amount of reserves carried by the sysem price-sendtive introduces a potentia common-mode
falure In interconnectionswith multiple reserve-sharing groups each group isindividualy repongble for
itsown reserve requirements Because frequency is common throughout the interconnection, however, the
groups support eech other in the event of amgor contingency. If one group has underesimated itsreserve
needsor if itsreservesfal to regpond adequatdy, that deficiency will likdy be made up by another group.
Tying the amount of reserves available to reserve priceswill mean that al groupswill tend to procure fewer
reserveswhen prices are high, increasng the sysem's vulnerability to collapse

Natura gasisan atractive fud for producing dectric power, epecidly for new generators The capitd cods
for gasfired generating plants are lower than those for cod-fired plants Natura gasemissonsare do inher-
ently lower, 0 environmenta mitigation cogsare reduced rdative to those for cod plants Gasfired plants
can be built much more rapidly, often within two years versus seven to 15 yearsfor cod-fired plants There
are often fewer gting problemsfor gas plantsaswel. The higher cog of gasisone of the few disadvantages
Gasfired plantsdso have rdiability benefits They are typicdly fager to gart and to regpond to load-change
commandsthan cod plants Thisincreasesther vauein providing contingency reserves But gesfired plants
dso rase rdiability concerns primarily reaed to the inability to sore gas In contrag to cod-fired power

10 New England gaff membersindicate that the inability to quantify the cogs and benefits of contingency protec-
tion hasgdled effortsin New England to formalize reserve-price reponse
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plants which in the pag typicdly had 30- to 60-day fud inventorieson dte, a gas shortage hitsdl plants
quickly.*Worse, gasfired generatorsfed from the same gas pipdine are tightly coupled. Failure of adngle
gas pipdine may conditute aregion'ssngle words contingency. For example, condder the Stuaion in
Arizonawhere goprova has been given for the gting of 12,000 MW of generation, dl of which would be
Frved from the same pipdine (thisisamog 10 percent of the current WSCC capacity) (Smith 2001).

Trading hubs may present asmilar problem. If developers of new generation find it economicaly attractive
to locate close to trading hubs, the resulting increased concentration of generation will result in multiple
generators depending on the same tranamission path even if the generators themsdves are aufficiently inde-
pendent to have no common-mode failures An example of such atrading hub isPdo Verde, Arizonawhere
alarge number of generators are requesting interconnection.

Thelong life and high cogt of power sysem equipment present chalengesto rdiability in a competitive
indugry. Large trandormers for example, can operate for 40 years or more, but their longevity istied to
how they are operated. Hesat (overloading) isamagor contributor to insulation degradation and equipment
failure dthough this effect isdifficult to quantify asit takes place over time Thisfact makesit extremdy dif-
ficult to put aprice on an emergency reponse action by a competitive generator (or, potentialy, a competi-
tive tranamisson provider) because, dthough temporarily overloading a piece of equipment may shorten its
life by some amount of time, itsfalureisnot likdy to beimmediate. How should a competitive supplier
factor in theimpact on equipment when pricing emergency reponse? And how can a sysem operator know
what areasonable priceis?If the equipment owner doesnot fed that it isbeng compensated for itsrisk
(either through overdl price or payment for the event), it may not respond to riability events

Decision making and risk taking

Decisons about procuring contingency reserves are made by power sysem planners and operators, but cus
tomers and, to some extent, generators face the resulting risks This 9plit between the decison maker and
therisk taker wasthe same when utilitieswere verticaly integrated, but the consequences were not asdra
matic because the sysem operator typicaly o owned the generaion, and the transmisson and often the
digribution sygsems and regulators could hold the company respongble for its overal performancein sup-
plying energy to cusomers Although FERC and gae regulaorswill continue to oversee sysem operations
tranamisson, and digribution in the restructured environment, the reponsbhility for overdl performance of
energy ddivery isnow Split anong generators, sysem operators tranamisson owners, ec. However, the cus
tomer gill paysthe consequences of unrdiable energy supply. Cugomers should therefore be involved in
determining the amount of risk to which they want to be exposed and how much money they are willing to
pay to avoid the rik of widespread blackouts

With aproperly gructured market each cusomer can, to some extent, decide individuadly what leve of reli-
ability gheiswilling to pay for. A cusomer can sect interruptible power if price ismore important than
reliability, for example, or acusgomer might decide to sl resrvesto the power sygem if the priceisatrac-
tive if it can repond fag enough, and if the reserve supply rules are technology neutrd. In afully functiond
future energy market, adequacy may be the reponshility of eech supplier. If asupplier falsto provide ade-

14Competitive pressures are pushing cod-fired generatorsto reduce their cod inventories aswell. Some generators now
maintain inventory of 10 days or fewer.
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quate resources and if it cannot obtain them from the market, then that supplier’'s cusomerswould be
curtalled. The market would apply appropriate pressure on suppliersto maintain adequacy.

It isequaly important that dl parties (loads generators, regulators transmission owners and sysem
operators) beinvolved in the communa decisonsthat determine the levd of security that the sysem
should maintain.

Measuring Reliability Response

Generator reponse to sygem operaor commands during contingencies continuesto be an area of mgor
uncertainty that isintendfied with restructuring. In the verticaly integrated utility environment, the sygem
operator that wasrespongble for reiability belonged to the same corporate entity that owned the generation
that provided contingency reserves. Mesauring generators reponse to contingency orders might have been
ussful for theinternd operations of the utility, but it wasnot critical for judging the overdl performance of
the sygem. Regtructuring has separated the sysem operator from the generation resources and thus created a
grest nead for metricsto assess performance (Hirg and Kirby 2001b). Without metrics it isdifficult to
know whether ageneraor is providing the reserve srvice that it isobligated to provide Unfortunatedy, met-
rics have not been esablished in mog regionsto effectively gauge performance when contingency reserves
are cdled upon. NERC darted to devdop apolicy (Policy 10) on Interconnected Operations Services (essn-
tidly FERC'sandillary services), but thiseffort has gdled, and the policy remains only areference docu-
ment. It islikdy that performance will deteriorate in the futureif there are no dear service definitions and
metrics on which to base compensation and nonperformance pendties Some of the contractsthat inde-
pendent power producers (IPPg) and tranamisson service providers (T SPs) sgned when | PPs bought exiging
generating unitsfailed to take account of some “ancillary services' that were gill needed to support the sys
tem, such asreactive supply and voltage control. Because | PPs have no way to get pad for these servicesin
the absence of contractstha addressthese issues some producers are reportedly baking & providing the
srvices Creating marketsfor rdiability serviceswould establish a meansfor compensating service providers

WSCC hasimplemented a Rdiability Criteria Agreement to enforce rdiability requirementsin aresruc-
tured environment (WSCC 2001). Thisagreement pardleds NERC’s Pilot Compliance Program, but
WSCC's contractswith its members dlow for enforcement. WSCC assesses compliance based on five criteria
for control area operators

e Operaing Reserves—each control areaisrequired to maintain regulating and contingency
reserves (§pinning and nongpinning).

e Digurbance Control—each control areaisrequired to successfully regpond to each contin-
gency (resore area control error within 15 minutes).

» Control Performance Sandards 1 and 2—each control areaisrequired to mest NERC con-
trol performance gandards (limits on area control error under normd conditions).

e Opeaing Trander Cgpability —each control areaisrequired to keep flows over trander
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paths (tranamisson lines) within the Operating Trander Capability (OTC) Limits of each
trander path. Sability, thermd, and/or voltage congraintssat OTC limits

WSCC ds enforces compliance for generators based on continuous operation of the generator’s power
sysdem dabilizer and automatic voltage regulator. These criteria are concerned with whether generators are
maintaining therr fagt-regponse cgpability to maintain power sysem gability.

Notethat thefird criterion above (operating reserves) ensuresthat the control area continuoudy maintans
therequired resrves The second criterion (disurbance control) addresses whether the reserves actualy
regpond effectively when contingencies occur. Thethird and fourth criteria (control performance sandards 1
and 2) assess whether reserves regpond efectivay during norma operations Thefifth criterion (operating
trander capability) focuses on whether tranamisson reserves are continuoudy maintained.

Pendtiesfor violating rdiability criteriarange from aletter snt to the violator’s chief executive (for an initid
violation at ardativey low levd) to fines of $10,000 or $10/M W, whichever is higher (for multiple viola-
tionsat higher leveds). Levdsare determined by the amount of shortfal rdativeto the criteria Allowing
operaing reservesto dip to between 90 and 100 percent once during a month earnsthe control areaopera
tor aleter to itschief executive. Allowing this shortfdl twice during a month or dropping between 80 and
90 percent oncein amonth typicdly resultsin lettersto the chief executive and the chairman of the board
of the offending party, the gate or provincid regulaory agency, FERC, and the U.S. Department of Energy
(DOE). Allowing operating reservesto drop to between 70 and 80 percent or repeating earlier infractions
dartsto cod the control area $1,000 or $1 per MW of shortfdl, whichever is grester. Dropping below 70
percent or continuing to repest earlier tranggressonsincreasesthe financia pendty.

The pendtiesfor violating the other rdiability criteriaareidentica dthough the metrics are gecific to each
criterion. The exception isviolations of the disgurbance control criteria; the pendty for these violationsisan
increasad contingency reserve criterion for the subsequent three months

Experience to date isnot condusive regarding the effectiveness of the WSCC Rdiability M anagement
Sydem (RMS) sygem in improving performance. To date, $2.2M in sanctions have been assessed againg
participantsin the RM S program and $0.3M againg non-participants (not dl WSCC members currently
paticipate in the program) (Dintdman 2001). Performance in some categories (mantaning automatic volt-
age regulators for example) ssemsto beimproving for participantsbut not for nonparticipants which might
be an indicator that the program is effective. However, compliance with the DCS gppearsto be improving
for both participants and nonparticipants while the number of noncompliance incidentsfor dl RM S cate-
gories gopearsto be growing for both groups aswell.

None of the sygems or proposdsthat we examined linked the pendty for a control areds or a reserve suppli-
er's nonperformance to the cost consequences Aswastruein the pad, loadsthat are curtaled, either proac-
tively by the sysem operator to manage a contingency or asadirect reult of the contingency, are not
compensated for ther losses Smilarly, no attempt ismade to quantify and compensate for societd damages
(police and fire repponse, etc.) that result from awidespread outage.

Perhgpsworse, data concerning the number of cusomers aubjected to power failures or unacceptable power
qudlity, the time taken to resore power, and the amount of power not ddivered are not publicly avalable.
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Thismakesit imposible to know whether rdiability isimproving or dedining and to what degree. (These
data are commonly available in the United Kingdom and much of Europe)

Governance

Asdiscussd above, the utility technica community (through the NERC committee dructure) higoricaly
st rdiability management rules NERC was “owned” by the regiond rdiability councilswhich, in turn, were
“owned” by the member utilities Thisgructure isbeginning to change as NERC and the regiona councils
open their membership and boardsto nonutility participation. Sill, gaff from tranamisson and generation
entitiesdominate the committee sructures® Although thisimbaance in representation may make sense
from atechnica gandpoint, it leaves cusomerswith little ability to influence the rdiability decisonswith
whose consequencesthey mug live

The quedtion of governance and independence is problematic for al organizationstha attempt to be neutra
fadlitators The Cdifornial SO, for example, has been criticized for not being sufficiently independent. The
Enegy Daily (Davis 2001) raises quedions about the |SO’sdedingswith the gatesin its attemptsto obtan
aufficient power at reasonable cod for consumers

ThelS0O, criticscharge, isfar from independent, and its actions could gretch beyond providing
information to DWR [the Cdifornia Department of Water Resources and indude manipulat-
ing power pricesto prevent the [Cdifornia governor from being embarrassed by a huge gap
between market pricesand pricesin thelong-term contracts Sgned earlier thisyear.

The authority behind rdiability rulesisdso problematic. Because NERC isavoluntary indugtry organiza-
tion, it hasno enforcement power. For many years itsrdiability ruleswerelittle more than best practices or
guiddines Thered authority came from gae regulatorswho had power over individud utilities Sate regu-
latorsand FERC tended to defer to NERC on technicd matters 0 autility that abided by NERC ruleswas
generdly regarded by regulators as behaving prudently. To date, only WSCC hasfound an dternaive
method, voluntarily entered binding contracts, to esablish rdiability authority. NERC and the regiond rdi-
ability councils are proceeding with plansto enforce compliance with rdiability rulesthrough contractua
agreementsin case congressond action and federdly derived authority are not forthcoming.

With theincreased commercid activity brought about by resructuring, thereisagreat need for dearly
defined operating and planning rules. The commercid sgparaion of generation from sysem operations and
of one generator from another, makes for a hedthy competitive environment but one in which everyoneis

BAlthough NERC has made an effort to open the committee gructure, the NERC Roger reveds continued dominance
by generation and trangmisson entities (NERC 2001b). The Operating Committeg, for example, has 33 members of
which 22 work for public, private, gate, and federd utilities five work for independent sysem operators, two represent
IPPs, two represent power marketers and two represent cusomer groups The Interconnected Operaions Services
Subcommittes, which istasked with devdoping Policy 10 on ancillary services has 20 members of which 15 work for
utilities two work for independent sygem operators two work for power marketers, none represent loads or regulatory
interests These aretypicd examples
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abiding by the letter of the law rather than the sirit. Thisatmosphere crestes a need for clear, condgent,
raiond, and enforcesble rules Pendtiesfor violaions should betied to the cos consaquencesfor those who
affer damage or lossasarexult of the violations The amogphere a<o cdlsfor an open rule-making process
that it technicaly competent and epecidly sendtive to the desres of the groupsthat bear the economic and
physca cogsof rdiability rules Past gandardswere not accompanied by technica or economic analyssand
judtification. In the future it will be necessary to make public the andysesthat jugtify sandards on both
enginearing and economic grounds Data mug dso be publicly available o that rdiagbility performance can
be judged and dl parties can determine whether thar needs are being met effectively. The rule-making
process should include participation, a the board and the technicd committee leves by sysem operators
loads (cugomers), generation and transmisson owners and operators, and the public.

The public interes will differ from the load's cusomer'sinteres & times There may be adiginct public
interes in maintaining civil order, which would make avoiding geographicaly large outages expecidly
important. Avoiding such outageswould favor the practice of sacrificing individua loadsin order to main-
tain overdl sysem rdiability. Promoting economic growth isanother public interes that hasrdiability
implications Indudrid loadsthat require rdiable power a0 cregte jobs Concernsover endangered sdmon
in the Pacific Northwes provide a different example where power reiability concerns conflict with a public
interess concerning endangered fish. The Bonneville Power Adminidration dedared a power emergency and
reduced fish sills (water rdeasesthrough damsto hdp sdmon fingerlings svim safdy to the ocean) in the
goring of 2001 basad on aforecast of power deficitsfor the following winter. The deficit forecagt wasin turn
basad partidly on rdiability sandards for loss-of-load and reserve requirements These rdiability sandards
are not formdly or publidy deveoped, however. The Northwest Power Planning Council, which is charged
with ensuring a rdiable power supply for the region while d<o protecting the environment, isencouraging
theregion to formdly agree on rdiability andardsto hep in the public process of baancing energy and
environmentd needs (Fazio 2001).

Scope and Authority

The quegtions of scope and authority for enforcing rdiability rules are intertwined. There is genera recogni-
tion that voluntary compliance with bes-practice guiddineswill not be sufficient in a competitive environ-
ment where individuas can profit by pushing risk onto others (Cook 2001). Sate regulatory authority is
a9 not aufficent, epecidly because FERC hasfederd authority over intersdate commerce. It gppearstha
FERC does not now have sufficient authority to etablish and enforce nationd rdiability rules and it cer-
tainly does not have authority to egablish and enforce internationd rulesthat would cover entire intercon-
nections

Severd bills have been introduced into the U.S. Congressto addressrdiability rules The details of each pro-
posa arein flux, o we do not debate them individudly here. However, we discuss some of the basic con-
ceptscontained in the bills Asillugrated in Fgure5, dl of the billsask the U.S. Congressto give FERC
authority to comprehendvey address rdiability issuesfor dl dectric utilitiesin the U.S The bills differ in
how they envison FERC exercigng that authority, however, and to what extent rdiability rules should dlow
regiond diversty.

There are innumerable important details (and getting the detalsright iscritica for any governance plan to
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Figure5: Who shauld partidpatein etablishing rdiability rules? Should FERC adively partidpatein the dialogue?
What should the geographi ¢ soope be? Many quetionsremain conaarning how rdiability rulesshould be etablished and
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aucceed), but there ssem to be four mgor quesions asociated with desgning ardiability sructure.

Thefirg quegion concerns FERC's ongoing involvement in defining rdiability rules All of the proposds
pass congressona authority through FERC. Some have FERC approve theinitid formation of one or more
Electric Rdiability Organizations (ERO9) and then dlow FERC to deegate its authority to those organiza-
tions Other proposasrequire the EROsto return to FERC for gpprova of each changein rdiability rules
Some proposas dlow FERC to take direct action to esablish or modify rdiability rules Othersrequire
FERC to wait until aparticipant bringsan gpped. The core isueis how involved FERC should bein ongo-
ing details of reiability management. Thereisconcern that FERC does not currently have sufficient gaff
with appropriae technicd qudificationsto take on the added function of participating actively in devdop-
ing and enforcing rdiability rules it ssemslikdy that FERC and/or EROswill require more technica gaff
in the future to ded with andyzing, esablishing, defending, and enforcing rdiability rules Voluntary organ-
izations may not be able to cope with theincreasad controversy that will likely surround rdigbility rules
Sf-regulation worksin other indudries (the securitiesindugry utilizesthe Nationa Asociation of
Scurities Deders for example) where federa agencies ddegeate power to nongovernmentd entities (Michad
1993). Inauring that the EROsdo not tallor rules and enforcement to serve the interess of favored parties
rather than the interexs of the public iscritica for sdf-regulation to work.

The second quegtion concerns naiond versusregiond sandards. All of the proposas before Congress recog-
nize the physcd differences among power sysemsin different regions of the country, and dl dlow differ-
encesin rdiability ruleswhen necessary. Sriving for nationd (continentd) rulesand granting exceptions
when necessary would reduce “ssams’ (differences among regions) issues and makeit easer for market par-
ticipantsto operate in multiple regions Allowing regionsto develop rdiability rulesindependently would
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mean that the rules could betailored to the requirements and preferences of each region. The question may
come down to who bearsthe burden of proof: Doesaregion have to provethat it nesdsawaiver from
nationd rules?Or are dl regiond rules accepted aslong asthey are effective for insuring rdiability? One pos
ghility isto have nationd rules and definitions but dlow region-gecific determination of required reserve
quantities and reiability goad objectives

A third quegion concerns how many EROs are esablished. If FERC etablishes saverd EROs then it islike-
ly that there will be sgnificant regiond diversty. If FERC etablishesa dangle srong ERO or if FERC itdf
becomes heavily involved in detailed rule development, then it ismorelikey that nationd or continentd
dandardswill emerge. Some have suggesed that theregiond trangmisson organizations (RTOs), srongly
encouraged in FERC Order 2000, should dso bethe EROs Thisis possble but raises concernsabout asn-
deorganization edablishing rules performing some rdiability functions purchasng other rdiability func-
tions judging performance, and imposng sanctions It would be difficult for such an organization to appear
to beimpartid.

A fourth quegion concernstheinvolvement of thetrue “cusomers’ of rdiability decisons loads (cus
tomers) and the public. These congituenciesdo not typicaly have grong technica backgroundsin tranamis
gon rdiability and are d0 typicdly too amdl individudly to participate in riability decisons In addition,
dectricity sygem rdiability isnot their primary focus Yet they are the only reasonsthat the sysem exids
and they are the oneswho pay the lion's share of the cogsfor both rdiability and unrdiability. Increasng the
involvement of date regulators (as cusomer representatives) in deveoping rdiability rules may be one way
to addresstheisue

Recommendations

DOE, FERC, and others can take anumber of actionsto improve the rdiability of the bulk-power sygem:

e Promote passage of federd legidation that grants FERC authority over bulk-power rdiabili-
ty in the United Sates FERC authority would cover al bulk-power participants induding
al tranamisson owners (the municipd, rura cooperative, date, and federd utilitiesnot now
aubject to FERC overdght aswel asinvesor-owned utilities). In addition, FERC authority
would cover dl generaors connected to the grid, power marketers and brokers, digribution
utilities and load-serving entities Contracts between the sysem operators and each market
participant should be consgdered subgtitutesfor federd legidation only if federd legidation
provesimpossble to enact.

e Upon passage of the legidation suggested above, FERC would deveop (or causeto be
developed) and gpprove mandatory reiability sandards and the associated compliance and
pendty provisonsrequired to implement such g¢andards That is today’s sysem of volun-
tary compliance with sandards developed by asmdl group of indugry indderswould be
replaced by mandatory compliance with sandards developed in an open and indusve
process
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e FERC should deveop market-based pendtiesfor falure to comply with reiability gan-
dards That is the pendties should be afunction of the cogsto the bulk-power sysem and
to retail cusomersof the falure to comply. In addition, the penaties should recognize
whether the falure to comply wasintentiond (e.g., the owner of the generator decided to
=l capacity committed to contingency reserves as energy in another sysem) or wasinad-
vertent (eg., agenerator suddenly tripped off line).

e To pport compliance with mandatory rdiability andards FERC should devdop metrics
for reiability services It isnot possbleto buy or sdl wha we cannot measure, nor isit pos
sbleto impose pendties on nonperformance with regard to something that we cannot
measure. Metrics should be developed in an open, public forum and should be condgent
throughout the country. There may be regiond differences concerning how much of a par-
ticular reiability serviceisrequired, but the metric for assessing the qudity of the service
should be conggent. (The gpeed limit, for example, variesfrom road to road depending on
loca conditions, but the metric is condgtently miles per hour.)

e FERC should conduct and publish an andyss of the benefits and cogs of each rdiability
dandard. Thisandyds udng higoricd dataand smulation modds should show the pros
and cons of different kinds of sandards and of wesker and gdricter levesfor the particular
gandard chosen. For example, the current DCSrequiresthat control areas recover from al
digurbanceswithin 15 minutes Anayss could show the benefitsand cogs of changing the
gandard to 10 minutes (increased rdiability, higher cogts) or 20 minutes (decreased reliabil-
ity, lower cogs).

* FERC, DOE, and the Nationa Asociation of Regulatory Utility Commissoners
(NARUC) should devdop and implement reporting requirements for rdiability events
These requirementswould provide for the collection of datatha are now lacking on the
number, extent, and effects of outagesthat interrupt serviceto retal cusomers Separae
requirements might be developed for digribution utilitiesand RTOsto reflect differences
in digribution and bulk-power outages These data should be made public to facilitate pub-
lic choices @bout rdiability needs and preferences

*  FERC should andyze differences among regions with repect to tranamisson topology,
types and number of generating gations, types and magnitudes of retall load, and other fac-
torsto determine whether regiond rdiability Sandards are appropriate. Thisanayss should
hdp FERC decide whether nationd (actudly, North American) gandards should be the
default; if nationd sandards prevailed, regiond variances would be approved only with a
cear demondration of thar vaue or of the nead for them. If the sudy led FERC to decide
that regiona gandards are preferable, nationd sandards should be used only where region-
d differences are minor.

e FERC should egablish compensation requirementsfor loadsthat are involuntarily cur-
taled. Reguired compensation would diminate any incentive to use involuntary load cur-
talment asaresource Smply because it would be chegper than procuring adequate reserves
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» Rdiability srvices esablished by FERC should be technology neutrd. They should focus
on the required function, not on the technology used to ddiver the srvice. Demand-dde
solutions should be encouraged to complement higoric generation-9de solutions Services
like spinning reserve, for example, functionally involve red-power response to rebdance
generation and load. The service should be defined based upon the function (red-power
reponse within a defined time frame) not the technology (generation connected to the sys
tem).

e Control areasze should be based on rationd criteria DOE should commision agudy to
determine why 0 many smal control aress continueto exis and whether their numbers
adversdy impact sysgem rdiability by making coordination difficult or impeding commerce
by increedng transaction cogs FERC should act to diminate the incentivesto operate
amdl control aressif the sudy showsthat they adversdy affect the sygem.

Summary

Redructuring the dectric power indugry in the U.S. isdramaticdly affecting rdiability management and
overdght. The physcs of the power sygem are not changing, but the commerdcid reationships and econom-
icinteregsof various partiesare. In asmplified power sysem, rdiability requirements are sraightforward,
and reserve requirements are determinigic; however, reiability rules need to reflect the complexity of the red
world, with which sysem operators have dways had to grapple. In the face of grong, competing economic
interegs reiability requirements mug be defined dearly for each party. Metrics, pay for performance,
and/or enforcement are required when competitive interess differ from communa ones Metricsare deve-
oping dowly, and enforcement awaitsresolution of governance issues and the esablishment of achain of
authority for reiability rules The higoric voluntary gructure that worked wel for the verticdly integrated
utilities of the pagt isnot adegquate today.

Load has dways been usad asardiability reource, at leadt in the lagt extreme and generdly without consent.
A market gructure should be fogered in which loads (cusomers) could voluntarily regpond to rdiability
needs and be compensated for ther contributions A competitive market could st the vaue of the contribu-
tions

Managing reiability ismanaging risk. The unique festures of AC dectric power (the passve nature of the
tranamisson sysem coupled with the need to continuoudy baance load with generetion) result in a com-
muna power sygem tha exposesdl usersto the shared risk of sysem collgpse. It isnot practicd to build a
power sygem that is 100 percent reiable. Rdiability rules etablish how much risk the sysem will assume.
Deciding how much risk to take and sdecting rdiability rules should be communa decisons

Two mgjor questions associaed with reiability management are who decides on the acceptable levd of risk
(and the cogsto maintan that levd of rdiability) and who takestherisk (and incursthe cog). Societd as
wdl asindividud interess mus be consdered.
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Introduction

A common themein regructured dectricity sygemsaround the world isthe unbundling of generation,
tranamisson, and digribution and the creation of independent tranamisson entitiesthat link competitive
generation to regulated digribution. The tranamisson sector, which enables wholesdle competition in the
dectricity indudry, isviewed asthe centerpiece of resructured sysems Consequently, the requirement that
al market participants have nondiscriminatory accessto the trangmisson sysem isthe key requirement for
faclitating competitive markets The centrd quegtion that this pgper addressesiswhat transmisson sysem
governance gructure and busness modd can mog effectively support the objective of promoting competi-
tion through nondiscriminatory accessto the grid. Trangmisson sygem busness modds define the relaion-
ghip among the three basc busness functions associated with the provison of trangmisson srvice sygem
operations market operation, and grid ownership.

The complexity of sysem operations and the unique physcd characterigics of dectricity production and
digribution necessitate condgderable centrdization of sysem operating functionsto assure gable, rdigble
power supply. A debatableissuie isthe extent to which sysem operations should be combined with market
operation, expecidly for day-ahead and forward trading; possibilitiesin thisarea are reflected in the diversity
of market designsin the U.S. and abroad. The PennsylvaniaNew Jrsey-Maryland (PIM) Independent

Alternative BusnesModds C-1



Sysem Operator (1S0), for indance, operates a day-ahead energy market and offers economic digpach and
unit commitment services At the other extreme, the Texas sysem operator—the Electric Rdiability Council
of Texas or ERCOT—provides only red-time rdiability-rdated services incuding energy baancing, ancil-
lary services procurement, and congestion management.

For the rdaionship between sysem operationsand grid ownership, mog current restructured sysems have
adopted busness modesbased largey on the ownership of the grid. In the U.S, where alarge portion of the
grid isowned by invesor-owned utilities formation of nonprofit 1SOsthat contrd but do nat own trangmis
son assats has been an expedient approach. This drategy enabled resructuring to proceed without requiring
that utilitiesdives ther trangmisson assts By contrad, in countries such as England and Waes New
Zedand, and Sain, where the grid was centraly owned by governmentsor private entities for-profit
Independent Trangmisson Companies (ITCs) were formed.

Themain concern in this paper isthe extent to which incentivesfor operationd efficiency and rdiability

of the grid and for efficient invetment in the tranamisson sysem are facilitated or hindered by busness
moddsthat differ in their leve of vertica integration of ownership and control, invesment financing mech-
anians reward gructure and regulation, nature of governance, and degree of financid controal.

Aswe address thee issues, some background about transmisson neaedsto be kept in mind. Frd, tranamis
don asst cods|[induding fixed and variable cogtg congitute asmal percentage of thetotd cog of dectrici-
ty supply and generdly run lessthan 10 percent of generation cogt (Awerbuch, Hyman, and Vessy 1999).
Furthermore, transmission cogts conds mogly of invetment cogs!

Another feature of tranamisson isthat, dthough tranamisson and generation are complementary in the
senethat tranamisson providesthe means of trangporting generated power to load, they are dso subgitutes
because generation a aload center can reduce the need for tranamisson and vice versa. This subgitutability
was exploited by verticdly integrated utilitiesthrough “integrated resource planning,” whose objective wasto
optimize the dlocation of invesment between supply- and demand-dde invesmentsfor the socid good. The
verticad separation of transmisson and generation makes such coordination of invetment much more diffi-
cult. In addition, the objective of tranamisson invetment in a market with competitive generation extends
beyond the maximization of socid wefare.

Mitigation of market power and reduction of trangers between consumers and producers can Sometimes be
achieved by congructing trangmisson linesthat do not represent socidly optima invetments Often asmal
invegment in tranamisson may have large financid consequences for market participants For example, a
tranamisson line connecting two isolated, sdf-aufficient regionswhere loca auppliers have market power will
engender competition and reduce consumer prices dthough the line may hardly be utilized.

Leonard Hyman, in aprivate communication (October 2001) offered the following back-of-the-envelope cdculation as
an illugration of how inggnificant the cog of trangmisson invesment isrelaive to energy cos: We could add $5 bil-
lion/year to trangmisson capitd expenditures (which now totd $3 billion/year), depreciate the incrementd asets over
10 years (vs 40 yearsfor exiging assts), provide 20 percent pretax return on capitd (vs the current 12 percent) , and
maintain the new assatsin line with exiging sandards a a cogt of about an extra 1 percent per year on the consumer’s
dectricity bill. (Doing thisfor five yearsin arow would add approximately atotd of five percent to the dectricity bill).
Thiscdculaion assumesno gainsfrom efficiency improvements trade or mitigetion of market power. Any such gains
would offset part of the added cog.
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The Scope of a Transmission Enterprise

Federd Energy Regulatory Commission (FERC) Order No. 888 mandated open accessto the trangmisson
grid; FERC Order No. 2000 encourages and provides ground rulesfor the formation of Regiond
Trangmisson Organizations (RTOs) for providing nondiscriminatory accessto trangmisson service for dl
market participants These two orders define the roles and scopes of trangmisson enterprises According to
thexe orders RTOsmug, a aminimum, have the following characterigics

e Beindgendent from market participants
» Have gppropriae scope and geographic configuration,
e Posessoperationd authority for dl the tranamisson facilities under the RTO’s control, and
e Have exdusve authority to mantain short-term rdigbility.
FERC identifiesthe saven functionsthat, at a minimum, an RTO mug perform:

* Adminider itsown tariffsand employ atranamisson pricing sysem amed a promoting
efficient use and expanson of tranamision and generation facilities

e Implement market mechaniamsto manage trangmision congegtion,
e Devdop and implement proceduresto address pardld path flow issues

o  Serveasasupplier of lag resort for dl andillary servicesrequired by Order No. 888 and
ubssquent decisons

e Opeaeasgngle Open Access Same Time Information Sygem (OAS S) stefor dl tranamis
son fadlities under its control with reponghility for independent cadculation of Totd
Trangmisson Capability (TTC) and Available Trander Capability (ATC),

e Monitor marketsto identify design flaws and detect the exercise of market power, and
e Plan and coordinate necessary tranamission additions and upgrades

Order No. 2000 does naot identify a preferred busness modd for trangmission functions or a mechanian for
financing trangmisson invesment. It encouragesinnovative proposalsthat will meet the characteristicsliged
above Theremainder of thisissue paper addresses candidate modds methods of evauating them, and rde-

vant internationa and domegtic experience with these isues, asfollows

* Therange of optionsfor busness modds
e Criteriafor andyzing busness modds
e Internationa experienceswith different transmisson busness modds

e Recent U.S devdopmentsin for-profit trangmisson-only companies and the congruction
of direct current (DC) merchant trangmisson lines
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e The grengths and wesknesses of two “sraw man” proposasthat represent dternative bus-
ness modes the nonprofit 1SO and the for-profit ITC,

e Optionsfor poalicy initiativestoward sdecting busness moddsfor the U.S. trangmisson
sydem, and

e Summary of the paper, concusons and recommendations

The Range of Options for Business Models

From the pergective of cugomers (i.e, generators loads digributing entities and other users of tranamis
son srvices), trangmision sarvice providers (TSPS) in arestructured power indugry should provide one-
gop shopping for the tranamission services needed to execute wholesde transactions However, from a
upply-d9de pergective, aT SP performstwo generic functions provison (ownership) and control (opera-
tion) of trangmission assets Aspart of itscontrol function, aTSP mug procure and deploy appropriate
resourcesto reieve congesion and ensure sysem rdiability. We subscribe to the premise that iswiddy
acoepted in the U.S that, in order to avoid conflicts of interes, the TSP, regardless of its underlying busness
modd, should not own generation assts or have afinandid interest in any of itstransmision service cus
tomers In kegping with this premisg, the TSP procures dl the generation servicesit needsthrough short-
term markets or long-term contracts The principd criterion by which busness moddsfor TSPsare
categorized iswhether or not ownership and control of the tranamisson assets are verticdly integrated. The
two main categories of busnessmoddsare

e Sgparate ownership and control: control functionsand interactionswith tranamisson cus
tomersare handled by a sysem operator, and trangmisson assets are owned by separate
entities

*  Joint ownership of trangmisson asstsand control of the grid: both functions of the TSP

are combined in asngle entity.

Within each of these categories are severd options, described below, that are compatible with power indus
try redities Some of these options capture the essence of exiging U.S and internationd gructures, but not
dl are compatible with the FERC RTO guiddineslised above.

Separate Ownership and Control of Transmission Assets

System operator publicly owned; assets owned by utilities, generators, municipalities,
and private investors

Under assparate ownership and control Stuation, the sygem operetor isa public enterprise or government
agency isuing indructionsto owners of trangmisson asets regarding asset maintenance, operation and
investment. The sysem operator faces 0ft incentives (because there are no resdud daimants i.e, no share-

2Thisdasdfication isbased on Awerbuch, Crew, and Kleindorfer (2000), pp. 23-40.
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holdersthat would gain from financia incentives or bear the consequences of financid pendties) and is
charged to behave farly and eficiently and to maintain adequate sysem rdiability.

System operator jointly owned by the owners of the transmission assets and operated
as a nonprofit organization; assets owned by utilities, generators, municipalities, and pri-
vate investors

Asin the previous Stuation, the sygem operaor in this case issuesingructionsto tranamisson aset owners
However, the owners of the tranamisson assts might be able to form coditions and use their voting power
to favor their own facilities A nonprofit orientation amplifiesthis effect by diminating potentid tradeoffs
between profit from efficent utilization of fecilities and the motives of sysem operator ownerswishing to
favor ther own fadilities On the other hand, sharing the profits of afor-profit sysem operator ismorelikdy
to induce ownersto opt for efficiency (and higher profitsfrom sysem operaions) rether than purauing the
Hfish motives of the party they represent.

System operator jointly owned by the owners of transmission assets and operated for
profit; assets owned by utilities, generators, municipalities, and private investors

Thiscaseisdamilar to the previous one, but the potentid for profit may moderate the tendency to form
coditions

System operator established as an independent nonprofit company (ISO); assets owned
by utilities, generators, municipalities, and private investors

Thisgructure exigsin Cdifornia, Texas and PIM. The 1SO’sindependence in thismode can make the for-
mation of coditions difficult, depending on the compostion of the governing board. When the governing
board iscomposad of gdakeholders aswasthe casein Cdifornia prior to January 2001 and isthe casein
Texas coditions may gill be formed.®

Joint Ownership and Control of Transmission Assets

Transmission Service Provider owned by a public enterprise

In thisconfiguration, tranamisson assats are owned by a public entity, <0 al externditieswithin the region
areinterndized. In other words because apublic entity ownsdl the assats there isno possbility that the
action of one trangmisson owne may adversdy affect another transmision owner. The gructure of Western
Area Power Adminidration (WAPA) issmilar to thismodd.

*The fundamentd shortcoming of this gructure was articulated by the CAISO Market Surveillance Committeein the
following observation with repect to reserves “We note that the SO doesnot bear thefind cog of the reservesthat it
acquires These are passed on to the users of the sysem. However, asafledgling ingitution, the ISO hasavery srong
incentive to avoid serious rdiability problems The thorny problem of providing operatorsthe incentive to both mini-
mize cogs and ensure reliability isalong-ganding one in the dectricity indugry.” Smilar incentive problemsexig for
trangmisson sysem operaion (CAISO, “Annud Report on Market 1ssuesand Performance’, June 1999).
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Transmission Service Provider owned by utilities, generators, and municipalities
and operated not for profit

When the TSP isoperated not for profit, ownerswho are dso market participants may favor invesmentsin
generation asxets which would produce profits over invesmentsin trangmisson, which would not when
these invesments are subgitutable

Transmission Service Provider owned by utilities, generators, and municipalities
and operated for profit

Thiscaeisgmilar to the previous one, but the potentid for profit from trangmisson invetments weekens
the motive of tranamision company ownersto favor generation invesmentstha would benefit the parent
companies over trangmisson invesmentsthat would improve the srvice provided by the TSP

Transmission Service Provider owned by a single regulated utility and operated for profit

Thiscaseisdmilar to the previous one except that the ownership isin the hands of asingle utility.
Competitorsand cusomers srved by the tranamisson company may fear discrimination againg them in
favor of the utility owner. In other words the regulated utility operating the tranamisson grid may favor its
own affiliated resources and cusomers at the expense of other cusomersand competitorsthat wish to use
the tranamisson sysem. The RTO plan proposed by Entergy fitsinto this category.

Transmission Service Provider organized as for-profit, independent transmission
company (ITC)

In thisconfiguration, the ITC hasno other fadilities of itsown that it might differentidly favor, and its prof-
it incentive will driveitspricing and invesment decisons Its monopoly satus requiresregulation to ensure
jugt and reasonable prices

Criteria for Analysis of Alternative
Business Models

Alternative busness modd for trangmisson enterprisess may be evduated usng sverd criteria
*  Market eficiency,
e Operationd dficiency and sysgem rdiability,
e Trangmisdon access and interconnection policy,
e Invegment and innovation in the transmisson grid,
» Governance and regulatory oversght, and

* Politicd feedbility.
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Asnoted above, sygem operators under the sparate ownership and control paradigm and TSPsunder the
joint ownership and control paradigm can comein many forms acriticadly important consderation isther
rolesin market operation and the extent to which they are affiliated with entitiesthat use the trangmisson
sysem. In any casg, the centra rolethat such entities play in the market and ther monopoly satuswill neces:
dtate some form of regulation. We assume that FERC'sRTO initiative will move ahead 0 that any busness
modd for trangmisson entitieswill function within the RTO framework. The subsections beow discussthe
sparate ownership and control and joint ownership and control paradigms using the above criteria

Market Efficiency

Economic efficiency isachieved when the price of goods and servicesisdose to their margind cogsand
when the price of scarce resourcesreaultsin eficient rationing. Because we assume that the TSP would not
be afiliated with wholesde or retall market participants biasor ddiberate discriminatory trestment should
not be aconcern. Nonethdess, it isnot clear which of the TSP gructures discused above would be more
likely to result in efficient price dgnadsthat would facilitate competition, reduce exercise of market power,
and encourage eficient invesment in generation (in terms of quantity and location). The key quetionsare
whether a sysem operator under sparate ownership and control or aTSP under joint ownership and con-
trol would have inherent advantages or disadvantagesin managing scarce trangmisson resources, operating a
baancing market, and procuring ancillary servicesthat are essntia for sysem operations To promote mar-
ket efficiency, aT SP mus manage congestion eficiently and provide appropriate price Sgnasto guide deci-
sonsabout production, consumption, and location of load and generation and to reduce abuse of market
power. It isnot clear whether either the ssparate ownership and control or joint ownership and control
gpproach hasinherent advantages or built-in incentivestha would help achieve these objectives or whether
an incentive sysem exigsunder ether gpproach that would induce the TSP to come up with rulesand pro-
tocolstha will achieve the god of economic efficiency. Mog likdy, any busness modd would have to
include a gecified st of rulesand protocolstha are condgent with FERC RTO principlesand that will
foder the desred behavior by the TSP whether operation and ownership of the transmision assetsare joint
or Epade

Another concern isthe extent of transaction cogsfor rebundling required trangmisson assts A sysgem
operator mug ded with the added complication of negotiating with independent tranamisson owners (TO9)
for increased use, enhancement, and maintenance of their asssts When the TOsare involved in the gover-
nance of the sysem operator, committee decigon-making processesinvolving TOs create an opportunity for
transaction cogs and organizationd inertia

On the postive sde, a separate ownership and control gructure, particularly onein which the sysem opera
tor isnonprofit, would be more amenable to enforcing asat of market protocolsthat are desgned to pursue
market efficiency. Adoption of such “socidly efficient” protocolsis more likey when the sysem operator
operaesasan 1S0 that isnot governed by sakeholders One quegtion iswhether the added efficiency
achieved by a separate ownership and control sructure would cover the added transaction cods and ineffi-
dendesrexulting from the separation between ownership and control of assts

Thejoint ownership and control moddsthat involve public ownership under nonprofit operation raise con-
cerns about the trangparency of motivation for efficient operation and decison-making. In a sector such as
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dectric power where economic drivers are primary, agructure that putstechnica groupsor committessin
charge of key componentsis highly problematic. Technicd committesstend to emphadze technicd integrity
and often compromise economic principlesfor politica expediency. Such compromises have manifesed, for
ingance, in congestion management protocolstha opt for spreading the cogs of congegtion rdief to dl usars
rather than assigning them to those who cause the congegtion. Adoption of such ruleshas in some sysems
resulted in gaming and market disruptions A reated problem is aisence of resdud damants (eg., shae
holderswho have adam to gainsfrom efficient operation) in the firgd two options under the joint owner-
ship and control gructure Thisabsence may cregte a conservative biasin operaing decisons (eg., derating
trangmisson lines or overprocurement of reservesin order to avoid economicdly jusifiable risk), which may
limit trade and foger the exercise of locd market power.

In many regpects the ITC option may be viewed asthe gdd gandard of the joint ownership and control
gructure. The only business of the ITC istranamisson, 0 it hasno incentive to discriminate agang any
particular cusomer.* This contrasswith the option of aTSP owned by asngle utility, which would have a
grong incentive to favor itsown cugomers generators and loads Mitigating these tendencies would require
condderable regulatory intervention. The potentid to discriminaeis attenuated when transmisson cus
tomersor sverd companiesjointly own the for-profit TSR Unfortunatdy, profit incentives are d attenuat-
ed under such joint ownership, and the potentia for formation of coditions may present additiona
problems Soecificdly, groups of owners representing diverse interess of tranamission users may form voting
blocks and trade (among themsdves) support of inefficient policiesthat favor the interess of the various
codition members (eg., voting againg a market-power-mitigation measure in exchange for a vote support-
ing the spreading of intrazond congegtion cogsamong al users).

Quegionsabout how horizontd integration of tranamission ownership and control affect market efficiency
mug be framed in the context of the geographica scope and market-making authority of TSPs The answers
depend on whether we assume a highly centrdized trangmisson organization such as PIM, which operatesa
day-ahead energy market and provides unit commitment services versus a decentralized organization such as
ERCOT. Smilarly, when ownership and control of tranamisson asstsare not joined in a sngle entity, hori-
zontd integration of ownership and control may have advantages or disadvantages for efficient coordination
of adjacent markets

A TSP'sabjectivity towards the users of tranamission services may not completey diminate the potentid for
price digortions and economic inefficiency. The subgitutability between tranamisson and generation inves-
ment putsafor-profit TSP operating under the joint ownership and control sructure in competition with
the generatorsit serves This TSP may have perverse incentivestha may biasits congetion management
practicesto favor “wire solutions’ over “generation solutions’ in itsinvesment policy. These concerns mus
be addressed through incentive regulation that rewards market efficiency and dso punishesinefficiency. For
ingance, the Transmisson Services Schemein England and Waes providesthe Nationd Grid Company
(NGC) with financid incentivesto reduce trangmisson “uplift” cogs which may be viewed, in part, asa
crude proxy for market inefficiency. In tha regard, sysem operators under a sparate ownership and control
paradigm may be more objectivein choosng between wire solutions and generation solutions, which will
reault in price sgnasand invetment plansthat promote economic efficiency.

“Of course, the ITC may engage in monopoly pricing and mug therefore be regulated.
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Operational Efficiency and Reliability

Thebudnesssructure of aTSP affectsitsincentivesto operae the tranamisson sygem dficiently (i.e, a lesst
sodid cog) and rdiably. One of the man concerns about nonprofit TSPsisthat they have littleto gain from
reducing cogs of operaion through, for example, the judidious procurement of ancillary services In the
absence of aprofit motive, TSPsare judged primarily on sygem rdiability performance without any conddera-
tion of the economies (efficiency), s they have an incentive to operate conservativey (at incressed cog). By the
sametoken, thereisalegitimate concern tha afor-profit TSP will have the opposte incentive—to sacrifice sys
tem rdiability in favor of profit. Resraining the naturd tendendies of dther Sructure requires the goedification
of gppropriaterules of the road and awdl-crafted sygem of governance and regulation. Thisrequirement shifts
the emphadsto determining what form of organization isesder to regulate and how to do 0 effectively.

Operationd efficiency and sygem rdiability can be achieved by dternative means, including short-term
operationa procedures, which indude digpatch of generation resources maintenance of trangmisson assgts
and invesment in innovation. Separation of these functions as under the separate ownership and control
gpproach crestesriksthat need to be mitigated by means of contracts and risk management, which reault in
increasad cogs An advantage of the separate ownership and control approach, however, isthat the sygem
operator isindifferent to the utilization of tranamisson or generation resourcesto perform itsduties and
should thus opt for the mog efficient solution to ardiability problem when there is a choice between inves-
ment in generation resources (e.g., Rdiability Mug Run (RMR) contracts) or trangmisson assts The andy-
gsof the separated functions option mus compare the benefits of separating tranamision ownership from
operation to the cogsinvolved.

Transmission Access and Interconnection Policy

The premises of FERC OrdersNos 888 and 2000 and the subsegquent decisons concerning the formation of
RTOsaetha widespread interconnection and direct accessto the tranamisson network will expand the
soope of the market and foser market efficiency. Determining which tranamisson organization busness
modd will begt fadilitate that vison isdifficult because of many politica and regiond condderations indud-
ing the tengon between date and federd jurigdictions More pragmatic quegionsfocus on whether certain
organizationd gructureswould expedite implementation of the RTO vison in different partsof the country
and whether and how separate ownership and control and joint ownership and control sructures can coexig.
Consdering the option of accommodating diverse organizationa sructuresrases questions about coordina
tion of operaionsand invetment across seams between control areas or more generdly RTOs The principd
concern istha decentrdized invesment and control of transmisson facilities can result in loop flows and
other network effects in other words individud trangmisson operators and invesors may behave in ways tha
affect interconnected trangmisson grids Such externdities may be inconsgent with the overdl eficiency of
operaionsand invetment. The main advantage of the sgparate ownership and control paradigm isthat sepa-
ration facilitatesthe sygem operations of the grid combining the tranamisson assts owned by diverse organi-
zations—eg., utilities private owners municipaities—over alarge geogrgphic area To the extent that an
organization basad on separate ownership and control can enforceitsdecisons thisintegration, which enables
one-gop shopping for trangmisson srvices over largeregions internaizes many of the externditiesinherent
in the trangpartation of dectricity over meshed tranamisson networks However, asthe degree of horizonta
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integration of trangmisson assets srving adjacent geographic aressincreases the above rationde for vertica
sparation (i.e, that it isan dfective way to consolidate operation of diversdy owned resources) becomesless
compdling, and the argumentsin favor of joint ownership and control become gronger.®

If control areas are not horizontdly integrated, the issue of ssams mug be explicitly conddered. Efficient
coordination among adjacent control areas or, more generdly, RTOs depends more on the conssency of the
congesion management protocolsthan on busnessmodes It isdifficult to assessthe impact of dternaive
busness moddson eficient coordination a the ssams Mergers and sandardization of protocols among
control aress are the ultimate solutionsto ssams problems the limited experience with regructuring to date
gopearsto uggest that merging control functionsiseader without merging asst ownership.

Investment and Innovation

Cresting incentivesfor trangmision sysem invesment and innovation to congegion and expand the scope
of the competitive market isacentrd isuein dectricity indugry resructuring. According to Paul Joskow?
(1999), “Trangmission invesment decisons cannot rey exclusvely on market mechanians They are lumpy,
involve externdities and are characterized by economies of scale. Restructuring experience to date shows no
evidence that market forceswill draw sgnificant entrepreneurid invetment into tranamisson capacity.”
Conseguently, trangmisson expanson requires centralized planning and invetment. How are activities hin-
dered or facilitated by sgparation of control and ownership?To addressthis quegtion, we have to condder
what mechanismsthe dternative busness modds offer for creating appropriate economic Sgnasthat pro-
videincentivesfor efficient invesment and innovation with adequate cgpability to finance thee invesments
and reward ownership of asts

Under the separate ownership and control paradigm, the sysem operator plansand evauatestrangmisson
expangon. The market gnasfor such invesmentsresult from: congestion management protocols location-
a energy prices the definition, dlocation, and sttlement of transmisson rights and the regulation of return
on trangmisson as=ts Invesmentsin trangmisson are made by the owners who are repongble for the
financing and are rewarded with: regulated returnson ther invesments tranamisson rights and/or direct
benefitsfrom the tranamisson assts which may complement and enhance the owners ability to buy or sl
energy. Merchant trangmisson invetment isaso possble, but, because of externdities (except in the case of
DC lines), such invesmentswould need to be gpproved by the sysem operator aswel asthe regulaory
authority. The sparation of functionsunder the separate ownership and control gructure can, however, lead
to different objectivesfor the sysem operator and the TOS as hasbeen seen in Cdiforniawith regard to the
Cdifornialndependent Sysem Operator (CAISO)-proposed expandon of Path 15.7

SThisargument isbasad on thewdl articulated discusson in Joskow 1999.

*Merchant DC line proposds such asthose proposed under the Neptune Project and by TransEnergie are notable
exceptionstha will be discussed below.

"Although the cog of thistransmision expangon isonly about $300 million, which isrdativey smal in comparison to
the etimated $70 million in annua congestion cog, Pacific Gasand Electric (PG& E) argued againgt expanding Peth
15 on the groundsthat generation expandgon planswould make thistrangmisson invesment unnecessary. The SO
argued that savingsto northern Cdifornia consumersaone jugtified the tranamision expanson, which was eventuadly
goproved.
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One advantage of the separate ownership and control gructureistha the sygem operator isindifferent to
solving congegtion problems by means of dther energy generation displacement or through tranamision
invegment. Such indifference may lead to ardaively baanced and socidly efficient invesment pattern and
may do enhance the credibility of the sysem operator’s recommendation for trangmisson expanson, which
would facilitate gpproval by sate commissions of rate increases required to finance such expangon. It is
worth noting that the current prevailing separate ownership and control sructuresin the U.S have fdlen
short in producing tranamisson invesment, which suggesstha separate ownership and control biastoward
“wire solutions’ isessentidly nonexigent.

Rdiance on market-basad sgndsfor invesment in sysemsusng trangmisson rights sttlementsand dis
patches of RMR resourcesto reieve congestion raises concern because the patterns of noda and zond prices
upon which market-based expangon initiatives mud rely are very sendtiveto rdiability (i.e, security) criteria
and are highly volatile. Such uncertainty islikdy to discourage market-based transmisson invesment.

Sttlementsof tranamisson rightsawvarded to invegorscan, in prindple produce amarket-basad income gream,
but the lumpiness of trangmisson invesmentsaswdl astheissues of externditiesand economies of scde makeit
difficult for investorsto gauge the precise amount of tranamisson cgpadity a which tranamisson rightsincome
offststhe cogsof theinvesments Consaquently, compensation to TOs cannot be guarantesd from sldy trans
misson rightsrevenues which, in mog casss cannot berdied on to provide adequate cod recovery. Thee
revenueswould need to be supplemented or replaced by an uplift chargetha rdieson aregulaed-return-on-
invetment goproach. A mgor weskness of the ssparate ownership and control gructurein thisregard isthat
sting the regulated return on invesment in trangmisson on the basic cog (book vaue) of trangmisson ases
rather than on the contribution of uch asetsto the market and to sysem efficdency (market vaue).

Asnoted earlier, tranamisson cogsrepresent asmal fraction of the overadl codsof dectricity, yet rdaivey
gndl invegmentsin transmision may have amgor impact on economic efficiency and sygem rdiability.
Furthermore, in the context of deregulated markets it ispossble that atranamisson invesment that con-
tributeslittle to the reduction of socid costs may have adgnificant impact on tranders between consumers
and producers due to mitigating market power. For example, aline between two sdf-sufficient areas may not
carry much flow, but its presence crestes competition in each of the loca markets thereby mitigeting market
power exercise and reducing pricesto consumersin both markets In thisgtuation, consumers deerly benefit
from the investment, but financing may be difficult. When control and ownership of trangmisson are sspa
rated, amgor chdlengeto invesment and innovation isthe cregtion of afinancing linkage between those
who benefit from the invesment and those who make the invesment.

Traditiond regulated-rate-of-return gpproachestha compensate invesments based on cos and dlocate the
compensation to userson some pro rata bass are ineffective in thisregard. One explanation offered by some
ekeasa U.S Depatment of Energy (DOE) public workshopsisthat the traditiond rates of return
goproved by public utility commissonsfor trangmisson invesments are inadequate conddering the risks
asociated with such invesmentsin restructured markets® The proposed solution isto raise that rate of
return subgantidly. Although this gpproach may work in the short run, “throwing money a the problem” is
an overly ampligic and naive solution that may ultimatdy result in inefficient invesment.

8T his point wasraised by two gpoeskersa the public workshop in Phoenix, Arizona.(September 28, 2001).
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Under thejoint ownership and control gpproach, it may become possble to separatey track the cogs asoci-
ated with operations assats maintenance, and invesment. However, the key advantage of the joint owner-
ship and control approach isthat the impact of invetment on operations may be interndized by the TSP
and the compensation for assst ownership may be based on vaue added by the assstsrather than ther cogs
Asnoted above, it isdoubtful that incentives done can induce a TSP to devdop atrangmisson pricing
scheme and congestion management protocol that would reault in efficient price Sgnds The pricing scheme
requiresregulatory oversght and approva. However, it might be possble to develop a performance-based
compensation scheme that would interndize the complementarity between operationsand invesment in
achieving the dedred “end product” trangmisson sysgem.

The main problem liesin defining and measuring that end product. Isit defined by interconnection, trans
action volume, absence of congegtion, or some degree of economic efficiency and effective competition?
Evduation of the performance of the TSP in the combined ownership and control goproach hingeson
whether it isnonprofit or for-profit. For anonprofit TSR there may be atendency to use rdiability asthe
primary measure of performance, which would lead to overly conservative operation and therefore overin-
vesment, the cogs of which would be borne by consumers With afor-profit TSP under combined owner-
ship and control, the chdlenge isto devdop performance-based regulation (PBR) that rewards efficiency and
pendizesinefficiency. Such aregulatory scheme would baance incentivesfor efficient and reliable operation
with those for invetment and innovation o asto result in agream of revenues cgpable of financing require-
mentsfor such invesments

Governance and Regulatory Oversight
The key regulatory quetionsare

*  What isthe effect of verticd integration of operation and ownership on the efficacy of
regulaion?

e Which organizationd gructureiseader to regulate anonprofit TSR which istypicaly gov-
erned by aboard of gakeholdersor an independent board, or a corporate, for-profit TSP?

Regulation encompassesisaues of governance of the sysem operator and the determination of gppropriae
compensation for the TOs If the sydem operaionsare provided for by afor-profit organization, then the
regulator would aso have to regulate the sysem operator’s profit. In principle, under the ssparate ownership
and control paradigm, the regulaor hasdirect control of the compensation of TOsand conssquently can
protect consumerswhile directly influencing investment decisons by authorizing appropriae leves of return
on invetment incorporating the condderation of attendant risks Thisisthe prevailing modd in theU.S
where dl restructured sysemsto date fdl into the 1SO category with TOsbeng compensated under a cog-
of-srvice or rate-of-return (ROR) scheme. ROR regulaion provides a primafacie badsfor achieving farness
between shareholders and rate payers by setting the dlowed rate of return at alevd that justly compensates
the owner for invesment and risk taking so asto be ableto attract capitd.

At leet in theory, ROR isfully cog basad, dlowing cog increases or reductionsto flow directly to the cus
tomers of theregulated firm. The emphadshereison farnes a the expense of eficiency. ROR hasbeen
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popular with regulators and utilities because it iswel undersood and its cash flows and risks are rdatively
trangparent. For transmission, however, ROR may not be the gppropriate approach to provide incentives for
invesment and attract capitd. Clear evidence tha this goproach isinefficient isthe lack of invesment in
tranamision snce the onsat of dectricity indugtry restructuring in the U.S,, especidly in contrad to the
extendveinvesmentsin generation during the same period. At the DOE public workshop in Phoenix,
Arizona (Sptember 28, 2001) at least one presenter argued that the dlowed rate of returnsfor transmisson
invesments does not properly reflect the risks associated with such invesmentsunder deregulation and that
higher ratesare needed. In any case, the ROR gpproach putsthe regulatorsin the podtion of being “penny
wise and pound fooligh” with regard to tranamisson invetment. By shaving afew points of the cog of trans
misson, which conditutesasmal percentage of thetotd cod of dectricity, the regulator may deter trangmis
don invesmentstha may bring impactsthat greatly exceed their cogsthrough efficiency improvements and
market power mitigation, which will affect tranders from consumersto producers

With regard to the sysem operator function, we focus on the nonprofit SO mode, which isthe prevaent
gructure in the restructured dectricity sysemsin the U.S The mgor advantage of thismodd isthat it
requires only light-handed regulation. The aisence of the profit motive leaves no role for the regulator in st-
ting prices other than trying to influence the dlocation of charges among cusomer groups The Cdifornia
Public Utility Commission, for indance, takesan activerolein protecting resdentid cusomersand inter-
vening in CAISO tariff cases before FERC. When the IO isindependent of trangmisson usersand owners,
it hasno motive to be unfar. Thefact that an organization isnonprofit does not mean that it has no incen-
tivesto control cog, but the objectives of a nonprofit firm may be different and more complex than those of
afor-profit firm in the same busness making it more difficult to monitor the nonprofit’s performance.
Decisonsin anonprofit organization are driven by persond managerid objectives and compromises with
the gakeholders some of who are profit driven.

No one arguesthat it ispossbleto devise aregulation schemetha crestesincentivesfor atranamission
organizetion to develop an operation and settlement protocol that will result in efficient markets Hence,
redigicaly, whichever organizationd form ischosen, the market design will be determined through aregula
tory review process which will indude protocols for managing congestion, scheduling and dispatching
power, baancing market operation, and procuring ancillary services

ThelSOsin the U.S are governed by boards of directorsthat are composed of either gakeholders asin the
caxin ERCOT and in Cdifornia (before January 2001), or independent members asisthe casein the PIM
New York and New England 1SOs Governance by a gakeholder board circumventsthe nonprofit aspects of
the 1SO because the sakeholders, some of who represent for-profit companies, will try to influence the |ISO
rulesand proceduresto maximize their own profits Theresult isan “Ouijaboard” decison-making process
whose outcomes are unpredictable and unlikdy to conggently promote efficiency.

In the case of joint ownership and control, there islegitimate concern that the TSP will exercise its monop-
oly power to the detriment of transmisson service cusomers. To prevent such abuse, a more heavy-handed
regulatory scheme may become necessary. The objective of such a scheme should beto reward efficiency and
pendizeinefficiency. Thisiseaser to do when the TSP operatesfor profit, such asan ITC, becaus then a
PBR scheme can be desgned to induce gppropriate risk taking on the part of the TSP and proper balancing
among efficient operations invesment in new facilities and innovation. Such a PBR sydem hasnot yet

Alternative BusnesModds C-13



been designed or implemented, however, and none of the proposed approaches has been proven to produce
theided dedred outcome The U.K. Transmisson Sarvices Scheme, which providesthe grid operator with
financid incentivesto reduce trangmisson “uplift” cogs isagood example of a practicad PBR approach and
adep in theright direction. The underlying assumption of that schemeisthat the TSP's performance can be
measured in terms of the uplift charge that the TSP mug recover from its cusomers To some extent, high
uplift chargesindicate inefficient operationsand/or ahigh leve of congestion cogs The uplift charges can
be reduced by improving operationd efficiency or expanding the tranamisson sysem. The main chdlengein
such aschemeisto determine the proper yardgick for uplift charges

Price-cap regulaion (PCR), which iscommon in the tdecommunicationsindugry and iswiddy usd
throughout the world for utility services may aso be appropriae, at leagt asan initid mechanism for an
ITC. Thissheme providesincentivesfor cog minimization by decoupling regulated price levdsfrom the
firm'scods The price levdsare generdly defined by a price-cap index, but firmsare often given flexibility,
which, in the case of tranamisson pricing, would engble the TSP to regpond to short-term demand fluctua
tions Pure PCR dlowsthe regulated firm to retain the fruits of its successes within the condraints of the
price level and the period of the price cap. Other variants would involve some sort of risk sharing that would
protect the firm againg catagtrophic falure but would adso limit its potentid windfdl profits®

Political Feasibility

The atractiveness of the separate ownership and control paradigm and particularly the nonprofit 1SO
modd isthat it overcomes ownership barriersin the tranamisson sysem and facilitates competitive markets
by interndizing externdities and creating “one-gop shopping’ for trangmisson. Thisrdative advantage
decreases with the degree of horizontd integration of trangmisson assts The combined ownership and
control gructure can d<o offer Smilar services However, the extent to which such horizonta integration
can be achieved islargdy apaliticd quegion. In Cdifornia, the SO gructure was chosen largey because it
was politicadly infeasble to require the three mgjor invesor-owned utilitiesto divest ther trangmission
asxts Even when the gate consdered purchasng the tranamisson asstsfrom the utilities as away to keep
them solvent, the idea of consolidating ownership of these assetsin the hands of the | SO was not consd-
ered. The divegtiture and horizontd integration of tranamisson astsisanecessary condition for vertica
integration of ownership and control with sgnificant geographica scope 0 that mog of the externdlities
asociaed with operation and invesment can be interndized. However, the authority to force divedtiture
may involve gate and federd juriddictiona disputes aswedll as other politica condderations. For example, a
congderable fraction of the tranamisson astsin the northwes and the southeest are owned and con-
trolled by the Bonneville Power Adminigration (BPA), Western Area Power Adminigration (WAPA), and
the Tennessee Vdley Authority (TVA), 0 the cregtion of any new transamisson organization requiring the
trander of

ownership of these assetswould entail new congressond legidation. Smilarly, tranamisson assats owned by
public power and municipd entities such asthe Tranamisson Agency of Northern Cdifornia (TANC),
New York Power Authority (N YPA), and Los Angeles D epartment of Water and Power (LADWP) are diffi-
cult to trander to for-profit enterprises due to “private-usg’ tax rules which agpply to asssts funded through

°For amore detailed description of PCR, see Awerbuch, Crew, and Kleindorfer (2000).
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tax-exempt bonds Violation of private-use rules can make tax-exempt bonds retroactively taxable® Quch
tax regrictions might aso prevent public power resources from participating in RTOswithout requiring
the trander of ownership. Joining an RTO, even on short-term bads may prevent a public power entity
from issuing tax-exempt bondsto finance new trangmission facilities Thus seeking a new ruling from the
Interna Revenue Service on such issue, might be necessary regardless of the busness mode sdected.

Table 1 summarizesthe condderations discussed in thissection asthey apply to the dternative busness
modd options

International Experiences

Trangmisson organizations have taken different formsin various countries A gudy of the experience of
tranamisson organizationsin Audrdia, Argentina, Chile, England/ Waes and Norway indicatesthat each
country isseeking to improve its exiging organizations The experienceswith tranamisson in these countries
have varied widdy. A key objective of our sudy wasto invegtigate the nature and ability of incentivesto
motivate invegment in improving/expanding the tranamisson sygem. Each sysem we gudied hasits own
gpecific incentives whose direct applicability to other jurigdictions or sygemsmay be limited. Neverthdess
the lesons learned from the various sysems may be valuable in desgning incentivesfor tranamisson organi-
zationsin the US Thisaubsection reviewsthe key charecterigics of the tranamisson organizations of the five
countries mentioned above. For each sysem, the ient characteridics are anayzed, and the overd| experi-
ences are ummarized noting festuresthat may be useful in other jurigdictions Secificaly we examinethe
following agpects of each sysem:

e Ownership,

e Trangmisson tariffs

e Ownership obligations

e Trangmisson planning requirements

e Invetment incentives

*  Meansof recovery of new invesment,

e Roleof cugomersin tranamision sysem expanson, and

e Regulaory body.

Argentina

Argentinawas among thefird countriesto retructureitsdectricity sygem. Sarting in the early 1990s Argentinds
g/dem resructuring was accompanied by the broad sling off of generation and transmisson assts mosly to for-
dgn entities Thekey characterigics of the Argentine tranamisson sysem are ummarized in Teble 2.

“Thisissuewasraised by Mr. Gary Schaeff of Large Public Power Council (LPPC) at the DOE Atlanta Workshop (September
26, 2001)
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Separate ownership and control

Joint ownership and control

Table 1: Classfication of alternative busness models

Market efficiency

Operationa efficiency
and system reiability

Transmission access and
inter-connection policy

Investment and innovation
in transmisson grid

Governance and regulatory
oversght

Political feasibility

System operator

owned by market
entities

No motivefor inefficiency Likely to favor rdiability Will provide fair and
publicly owned; assets but weak incentivesto

fadlitate trade

over eficiency (leet
cog)

equitable access

Credible with PUCs but may

be difficult to attract
investment

Light-handed regulation
of sygem operator and ROR
for asets

Easy to implement;
requires no trandfer
of asets

Nonprofit sysem
operator jointly
owned by tranamis-
d0n owners, asats
owned by

market entities

Ownerscan form
coditionsto favor ther
fecilities

Likely to favor reliability
over eficiency (leet
cog)

Owners can form coditions
to favor their fadilities

Likely to favor generation

olutions

Lack of resdud damants
complicates governance
of sygem operator

Requiresno trander of
as=ts but may face
objection dueto fear
of bies

For-profit sysem
operator jointly
owned by TOs,
asets owned by
market entities

Profit from increased
trade moderates
Hfish interestsof TOs

Incentive regulation
can improve balance
between efficiency
and rdiability

Profit from increased trade
will moderate Hfish

interetsof TOs

Profits from tranamisson

busness may offst bias

toward generation solutions

PBR of sygem operator can
incentivize efficient operation.
ROR for invetment

May face objections
resulting from fear of
biasand fear of monopoly
power abuse

Nonprofit independ-
ent system operator
(10); asxts owned
by market entities

Neutra toward market
participants Likey to
police market power

Likey to favor riability
over eficiency

Neutrd toward market

participants Likey to police

market power

Credible planning but may
be difficult to induce TOs

to invest and innovate

Light-handed regulaion
of sygem operator but difficult
to monitor efficiency

Politicaly expedient.
The currently prevailing
olution in U.S

Publicly owned TSP

Externditiesinterndized
but wesk incentives
to fadilitate trade

Likey to favor reiability
over eficiency (leest
cog)

Will favor native condituency Actsin the public interest
over merchant transections

to plan and expand
trangmisson

Light-handed regulation of
operation and invetment

May require IRSruling
to operate under RTO

Nonprofit TSP
owned by market
entities

Owners have incentive to
favor ther own afiliates

Likely to favor rdiability
over eficiency

Owners have incentive to
favor ther own afiliates

Favors generation over
trangmisson invesment

(no profit from transmisson)

Light-handed regulation but
market oversght needed

Requires consolidation
of astsor codition of
as=t owners Problems
with public entities

For-profit TSP
jointly owned by
market entities

Owners have incentive to
favor ther own efiliates

Profit motive shiftsscde
toward efficiency

Profit motive reduces tenden
cy to favor owners assts

Profit from transmisson

reduces biastoward genera

tion invesment

PBR can incentivize eficient
operation and invetment

Requires consolidation of
asxtsor codition of asst
owners (eg. Desrt Sar).
May face objections

For-profit TSP
owned by asngle
regulated utility

Controlling tendency to
favor owners assets may
lead to a condrained
market

Traditiond operaing
mode likely to be
ficient and rdiable

Tendency to favor filiates

Followstraditiona
planning and invetment
paradigm

PBR can incentivize efficient
operation and invetment.
Oversght needed to prevent
bias

Rdatively easy to imple-
ment but may face oppo-
gtion from other market
entities

For-profit independ
ent TSP (ITC)

Incentivesto mitigate
market power of genera
tors providing ancillary
Frvicesand offersfor
congegion rdief

PBR providesincen
tivesfor efficiency and
reigbility baance

PBR providesincentive
for increesng access

Interaction between opera
tiond efficiency and invest
ment isinterndized, but ITC

may favor wire olutions

PBR based on performance
amplifiesregulation.
Independence diminates
nead to monitor bias

Frequires consolidation
of asxts Publicly owned
asets may present
legidative chalenges




Table2: Summary of the Salient Characterigticsof the Transmisson Sysem in Argentina

Ownership

Trangmisson tariff

Ownership obligations

Trangmisson planning
requirements

Investment incentives

Means of recovery of new
investment

Role of cusomersin
trangmisson sygem
expangon

Regulatory body

There are saven private trangmisson grid companies TRANSENER owns
tranamisson networks across the entire country, and Sx companies own
regiond trangmission sysems Each company hasto obtain the required
license from the Argentinean regulator.

Charges congg of afixed component for the recovery of invesment cogs
and a variable component for recovery of operating and maintenance
expensss.

To provide nondiscriminatory access and serviceto dl cusomers
(independent of their sze)

No sygematic planning; expanson plansrequire regulatory gpprova.
No entity in the country has repongbility for planning tranamisson.

There are no incentivesto expand the grid by TRANSENER or any of the
regiona companies Any expanson hasto be entirdy pad for by cusomers

Not applicable

Criticdly important because any expandon of the tranamision sysem has
to be requesed and financed by the cusomer

Ente Naciona Regulador dela Electricidad (EN RE)

Sx companies own Argentindsregiona grids and one ownsthe tranamisson networkstha gpan the coun-
try. Operation/control of the tranamisson sygem isseparated from ownership. An 1S0 isin charge of trans
misson operation/control aswell as operation of the dectricity markets

The repongbilities of the Argentine 1SO do not include planning. In effect, thereisno Sngle entity in
Argentinawhose charter indludestrangmisson planning. An undesirable agpect of trangmisson sygem
expangon/improvement in Argentinaisits dependence on the willingness of transmisson cugomersto
directly bear the burden of any new invesment. There are no incentivesfor the tranamisson ownersto
expand/improve the trangmisson sygem, and virtudly no new maor tranamisson projects have been under-
taken gncethe onst of the redructuring processin Argentina

Australia

The regructuring of the dectricity sysem has proceeded at different ratesin different regions of Audrdia
Although asngle dectricity market has been egtablished for the entire country, tranamisson organizations
vary from region to region. Table 3 summarizesthe characterigics of Audraidstranamisson sygem.
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Table 3: Jummary of the SAlient Characterigics of the Tranamisson Sygem in Audraia

Ownership Each Audrdian region has one or more sate-owned regiond transmission companiestha
own atrangmisson grid. In addition, there are non-gate-owned companiesthat own
trangmisson asts acrossthe regions Trangmisson-owning companies may be ether
regulated or nonregulated.

Trangmisson tariff For regulated tranamisson-owning entities there are regiond pricing sructuresthat are
determined with regulatory gpprova by each region. The tranamisson prices condst
of connection fees—30 caled shdlow connection cogs, demand charges based on pesk
and shoulder loading, and energy charges based on usage. Typicdly, the trangmision
tariffsare based on (CPI-X) regulation.
For unregulated trangmisson-owning entities tranamisson prices are market based
and determined from the offersand bids for tranamisson capacity. In thisway,
capacity istreated, in effect, asacommodity.

Ownership obligations Al transmission-owning entitiesmusg provide nondiscriminatory serviceto dl cusomers
Mog of the gate-owned companies have obligations with respect to tranamision planning.
The nature of additiond obligations may vary regiondly and dependswhether or not the
trangmisson-owning company isregulated.

Trangmisson plan Each gated-owned tranamission company hasto prepare an annua satement discussng
ning requirements planning activities Each region hasits own requirements regarding the nature of this
datement. Each gate-owned trangmisson company has regponshility for tranamisson
planning. Any entity, including a non-transmisson-owning company, is permitted
to make invesment in trangmisson asHts

Invetment incentives  In the case of regulated assets there are no dear incentives for expansgon of the transmisson
gydem. For unregulated assts the incentives are the future revenue sreamsfor trangmisson

FrVices
Means of recovery The regulated tranamisson-owning companies may not hecessrily be able to recover their
of new invesment invesmentsin additiond trangmisson fadilities The unregulated entities face the usud

risks asociaed with markets and consequently may be able to receive compensation that
exceedsther invesment.

Role of cugomersin The generatorswork with the transmisson-owning companiesto improve the trangmisson

tranamision sygem sygdem to avoid or diminate congesion amnd to plan new invetmentstha may be required.
expanson
Regulatory body There aretwo nationd regulators

* TheNationa Electricity Code Adminigrator (NECA), which isin charge of
adminigering and enforcing the Electricity Code, and in that capacity regulatesal
transmisson-owning companies

e TheAudrdian Competition and Consumer Commisson (ACCC), which handles
al ayectsrdated to the market operation, and consequently polices the behavior of
the nonregulated trangmisdon-owning companies

In addition, each region hasits own regulatory body, which determinesthe policies affecting
regulated service
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Audrdiaisunique anong the countrieswe investigated in dlowing the ownership of tranamisson by both
regulated and unregulated entities Regulated companies own mog of the tranamisdon, but Audrdiadso
dlows merchant trangmisson companies and & leagt one such company, TransEnergie Audrdia, operatesin
the country. The tranamission tariffs of the regulated tranamisson companies are basad on margind cogts
Thetranamisson prices of unregulated companies are market basad.

Theregulaed Augrdian trangmisson-owning entitiesare obligated to underteke planning. In addition, these com-
paniesare required to expand/improve the trangmision grid, and cartain incentives are offered for these ativities

The gructure of the Audrdian tranamisson sysem hasbeen in adate of flux and continuesto evolve The
experience of TransEnergie Augdrdiaistoo brief to offer any generdizable experiences However, the future
evolution of the trangmisson organizationsin Audrdia, particularly the proliferation of merchant tranamis

son linesmay provide ussful lessons for other juridictions

Chile

Chileled the regructuring of dectricity sygemsasthefirg country in theworld to introduce competition and
cugomer choicein 1982. The Hient characterigics of the Chilean trangmisson sydem are presented in Teble 4.

Table 4: Jummary of the SAlient Characterigics of the Tranamisson Sysgem in Chile

Ownership

Transmisson tariff

Ownership obligations

Trangmisson planning
requirements

Invesment incentives

Means of recovery of new
invesment

Role of cusomersin trans
misson sygem expanson

Regulatory body

Thereisadgngle entity, TRANSELEC, tha ownsamgor part of the
trangamision sysem; theres isthe property of generators and large
indudrid consumers There are no regrictions on trangmisson ownership.

There are two charges
e Taiff based on the forecaged margind cogs (indexed nodd prices)
« An additiond charge basad on the so-cdled influence area

To provide nondiscriminatory access and serviceto dl cusomers
(independent of ther 9ze)

No sygematic planning isdone, and no entity in the country has
repongbility for planning tranamisson.

Nodd price differences and the contributionstha the cusomers make

Through the money collected from the tariffs and the contributionsthat
ome cugomers make, the cusomers contributionsmug be repaid over time
in some negotiated fashion.

Very important because if they are interested in an expansion of the sysem
they can financeit, & leadt in part.

Comigon Naciond de Energia (CNE)
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In Chile, ownership and operation/control are totdly separated. Ownership of the tranamisson grid isin the
hands of afor-profit entity, and operation/control of the sysem isin the hands of the ISO Centro de degpa
cho econdmico de carga (CDEC), which dso hasregponshility for operaion of the dectricity markets

The CDEC trangmisson tariff embodies some economic efficiency properties because the rates are based on mar-
gnd cogs However, these codsare forecaged vaues and do not necessarily represent actud operating conditions
Thereare no economic sgnasin the Chilean sygem that provide incentivesto expand/improve the tranamisson
grid. Therefore, the Chilean experience ssamsto be of limited vaue and goplicability for other juridictions

England and Wales

The privatization of the Centrd Electricity Generating Board in 1990 brought about widepread resructur-
ing of the dectricity sector in England and Waes A sient characterigic of resructuring wasthe esablish-
ment of the Power Pool. Theintroduction of the New Electricity Trading Agreement (NETA) in March
2001 effectively replaced the Power Pool and introduced mgor reformsto the tranamision sector.

The Nationd Grid Company (NGC) was esablished asaregulaed, for-profit entity with regponsbility for
ownership and operation/control of the tranamisson grid and the Power Pool. Tranamisson sysem charac-
terigicsin England & Waesare ummarized in Table 5.

NETA introduced specific new incentivesfor NGC to inveg in new tranamisson. NGC isaubject to PBR
under the so-caled RPI-x scheme. Induded in the NGC’sregponghilitiesisthe acquisition and supply of
the uplift service, which indudes ancillary services loss compensation, and congesion management. NGC
acquires these srvices from the connected generators and paysfor them out of the revenuesit receivesfrom
itscusomers. Under the current regulatory scheme, these uplift charges are controlled. NGC has full
respongbility for planning of tranamision and, as part of thisregponghility, issuesan annud Seven Year
Satement, which dexcribesin detall the mog up-to-date plans NGC isadso repongble for dl invesment
in expanding/improving the tranamisson sysem. The invesments made by NGC may be recovered through
svingsin uplift cods Under the price cap regulation regulation, NGC may keep part of itsuplift cos sav-
ings as additiond profits Consequently, savingsin short-term operationa expensesthat reduce uplift cogs
provide incentives for long-term investment in trangmisson. Thisincentive schemeisa very important
mode to sudy for possble adoption in other juridictions

The NGC incentive scheme for reducing transmisson service uplift went through severd revisons reflecting
accumulated experience with forecaging and controlling uplift cogs In thelates round of revisons prior to
the establishment of NETA, NGC argued that the risk profile for tranamisson service uplift overrunswas
asymmetric because the likdihood that tranamisson service uplift cogswould increase was gregter than the
likeihood that they would decrease. NGC dso damed tha progressivey tightening the targets did not
dlow the company to redize in successve yearsthe reward for effortsmadein earlier years which reduced
the incentives for meaaures (i.e, invesment) tha have multi-year paybacks The regulator saw some merit in
these arguments and a0 agreed that astranamisson services uplift isreduced, a sturation effort setsin and
it becomes progressvely harder to achieve further reductions On the other hand, because NGC isacquiring
greater experiencein securing reductions, the regulator determined that the company should be lessvulnera
bleto riksof higher uplift. Conssquently, an incentive scheme was adopted tha dlowsNGC to retain 50 per-
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Table 5: Summary of the SAlient Characterigics of the Trangmisson Sysem
in England & Wales

Ownership

Transmisson tariff

Ownership obligations

Trangmisson planning
requirements

Invesment incentives

Means of recovery of
new invesment

Role of cugomersin
trangmission sygem
expanson

Regulatory body

The Nationd Grid Company (NGC) ownsmog of thegrid in England and
Wades In addition, NGC isthe operator of the entire grid, induding parts
not owned by NGC. Each trangmisson owner mug obtan alicense

Thetrangmisson pricing used by NGC isbasad on average zonad margina
codsin the 14 zones of the grid. In addition, thereisafixed chargetha is
paidby al usersof the grid. The regulatory body imposes a price cap for the
tariff charged by NGC (performance-based regulation).

To operate, maintain, develop, and provide an effective dectricity trangmisson
srvice

The nationd grid hasto publish annudly the Seven Year Saement, which
provides aforeces of the generation, demand, and tranamissonsplans This
document isaubject to regulatory goprovd. NGC isin charge of the planning
and expangon of the tranamisson sysem.

NGC receivesincentivesthrough capped uplift charges because
expangon/improvement of the transmision sysem may reduce some uplift
cods NGC may use part of theredized savings as additiond profits but mugt
aso absorb part of cog overruns

Through the money collected from the tranamisson sysem ratesand the
money collected from uplift charges

Thetrangmisson cusomers pay for the expangon through the modified
trangmisson rates

The Office of Gasand Electricity Markets (OFGEM)

cent of uplift svingsrdaiveto thetarget and requiresit to asorb 25 percent of any increasein uplift dbove
thetarget. Furthermore, “cgps and collars’ were superimposed on these sharing factors which limited NGC's
rik to large variances from the target but dso removed itsincentive to reduce the uplift outddetha range

Thistranamisson sarvice uplift scheme was employed in 1998/99 with atarget of $355 million and for 1999/00
with atarget of $350 million. Both profits and losses were subject to alimit of $32.9 million in 1998/99 and to
$34.2 million in 1999/00.1* For the year 2000/01, the target waslowered to $322 million wheressthe “cgp and
oollar” were st to $34 million. The gructure of thisincentive schemeisillugrated in Fgure 1.2

n addition, NGC received extraincome of about $1.5 million in 1998/99 and $0.75 million in 1999/00 to cover
certain operating and capitd cogs
Hanney, Alex. EEE Limited (London, UK) Private communications (November, 2001)
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Figure1: TheNGC Trangmison srviceuplift incentive shemefor 1998/99  Thetarget tranamisson service
and 1999/00 uplift was charged to the Power
Pool*® on aprorated daily bads
(i.e, the annud quantity was
divided by 365). During the year,
as cumulative performance agang
the target became gpparent, the
daily amount was adjused accord-
ing to the sharing factors and the
“cgpsand collars” Thedaly

. , , , amountswere dlocated among
200 300 400 500 600  thesatlement periodsand
charged to retalerson aload-
share bags Smilar incentive
schemes were gpplied to reactive
power uplift and trangmisson
losses The success of thisincen-
tive cheme isevident Table 6,
which shows a continuous decline
Transmission services uplift ($M) in uplift charges (NGC 1999).

20 -

10 +

N GC net income ($M)
o
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Table 6: NGC uplift charges and incentives from 1993 to 1998 in $ millions

1993 1994 1995 1996 1997 1998
Trangmisson service uplift 813 633 422 412 360 337
Reactive power uplift 94 88 87 87 87 71
Trangmisson loses - - - 229 211 212
I ncentive payment to NGC 0 45 41 16 17 16

Norway

The devdopment of a competitive commodity market in dectricity in Norway has been accompanied by a
ddiberate and detailed regulation of the market framework by Norwegian regulatory authorities Thereis
grong regulation of therightsand the duties of the TSR which isthe sate-owned company Satnett.
Norway has chosen the TSP mode, combining transmisson ownership with execution of the operation/con-
trol function. The dient characterigics of Norway'strangmisson sysem are summarized in Teble 7.

So far the Norwegian regulator has not prescribed any pedific rdiability sscurity gandard such asthe loss:

Thisdescription, which isgiven asan example of PBR, reflectsthe stuation in the UK prior to NETA, which came
into effect in mid 2001.
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Table 7: Summary of the SAient Characterigics of the Trangmisson System in Norway

Ownership

Transmisson tariff

Ownership obligations

Trangmisson planning
requirements

Invesment incentives

Means of recovery of new

invesment

Role of cugomersin

Sanett, agae-owned company, owns about 85 percent of the nationd grid,;
15 percent isowned by about 20 other entities

Every usr hasto pay acharge, the so-cdled point tariff, which congds
of three components
* An energy charge reflecting the value of margina losses
 Another energy charge reflecting the cogts of condraints, and
* Areddud dement for cod recovery.

To provide nondiscriminatory access and serviceto dl cusomers
(independent of their sze)

Satnet makesafive-year forecad of dl projects and the regulatory body has
to gpprove the projectsthat will be executed. Satnett and the regiond grid
company arein charge of planning the expangon of the trangmisson sysem

The exiging tariff and, for the case of radid expanson, the contribution
made by the future user of the expanson

Through the money collected from the tariff and through the contributions
that some cugomers make

They can make contributionsto financing the expangon of the sygem

trangmision sygem
epangon

(radid linesonly).

Regulatory body Norwegian Water Resource and Energy Adminigration (NVE)

of-load-probability threshold, which is gecified, for ingance, in England and Waes Ingead Sanett has
been given the repongbility to ensure “satidactory”’ reiability of dectricity supply and to promote a
smoothly functioning dectricity market with trangport capability adequate for megting market needs More
recently, Sanett was dso given the reponsbility for the generation/demand baance for the short and long
term. The Norwegian regulator pendizes any supply interruption.

Although Satnett isnot the only tranamisson owner in Norway—there are more than 20 owners—Satnett
owns about 85 percent of the tranamisson grid and isintereted in becoming the sole owner. The tranamis
son grid isdready operated as an integrated sysem with a sysem-wide tariff.

Satnet hasregponghility for the planning necessary to ensure a sound and rdiable sygem. Although Satnett
doesnot have amonopoaly on the congruction of new lines it isexpected to take care of any needed rein-
forcementsif regiona tranamisson ownersare not willing to expand their sysems Satnett is earheading
efortsto increase utilization of the exiging sygem and isinvegtigating various meansto increese trander cgpa
bilitiesin order to avoid or pogpone mgor invetmentsin new facilities The regulatory rulesrequire Sanett
to operate, utilize and expand the sysem in away that iscondggent with the neads of society.
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Lossfactorsin the tranamisson tariff give incentives affecting the operation and location of generation deve-
opment. Congegion management methods partly give financid incentives for increased utilization or rein-
forcement (counterflow trading) and partly reved the cogsto ociety of tranamision congesion (market
slitting with different area prices). The Norwegian regulator implemented revenue-cap regulation in 1997
by defining the maximum income levd for grid owners Thisleve isreduced annudly based on the regulato-
ry assessment of grid owners efficiency improvements Thelevd isdso increased annudly by a percentage
equd to haf the energy-trangport growth rate. Any reductionsin cogsare profitsto the trangamisson own-
es Unfortunately, this scheme provides poor incentivesfor invetment in new tranamisson. Nevertheess
the tranamisson sygem in Norway has operated smoothly and facilitated highly competitive dectricity mar-
ketsin Norway and in the interconnected NoodPool countries (Norway, Sveden, and Finland).

Summary Remarks Regarding International Experience

Among the sysems examined, Norway's gopears mos successful to date. The combined ownership and oper-
ation/control vesed in Satnett hasresulted in rdiable operation of Norway'stranamisson grid.

The gpplicability of the Norway modd to other jurisdictions may be limited, however, for higoricd reasons
and the unique manner in which the market in Norway has evolved. Although there are certain incentives
for improvement/expanson of the Norway tranamisson sygem, they seem to be insufficient for driving new
invesment; indead, the large pendtiesthat may be assessad againg Satnett in case of supply interruption
arefar more potent than these incentivesin driving the grid ownersto inves in expanson/improvement.
Unfortunady, the command-and-control gpproach of the Norway regulator isnot consonant with the com-
petition in itsdectricity markets Thereisamarkedly inaufficient economic sgna from the compensation
scheme for new tranamisson invesments Asareult, the need to adopt amore market-oriented scheme for
tranamisson in Norway perdds It isexpected tha the transmisson framework will be revised when it is
reevauated in 2002.

Theincentive scheme in England and Wales may be the mog gppropriae paradigm for adoption by other

jurigdictions The exigence of economic Sgnas such asthose given by the uplift charges collected by NGC
may be ussful moddsfor creating effective incentives for expanding/improving the tranamisson grid. Such
incentives coupled with effective PBR are worthy of further sudy.

Theregructuring of the U.S dectricity indudry hasbeen accompanied by the advent of new playersin the

For-Profit Transmission Companies and
Merchant Transmission Projects in the U.S.

tranamisson arena—for-profit, trangmisson-only companies and merchant trangmisson projects These new
invesment vehicles have been launched to showcase the criticd role of trangmisdon in the dectric power bus-
ness Thissection briefly describesthe American Trangmission Company (AT C), which garted operationson
Jnuary 1, 2001, asan example of afor-profit, tranamision-only company, and the Neptune Project of the
Neptune Regiond Trangmision Sysgem LLC asan example of amgor merchant tranamisson project.

C-24 Nationa Tranamision Grid Sudy



ATC was cregted asthe result of legidation enacted by the gate of Wiscongn. The company ownstranamis
son fadlitiesin Wisconsn, Michigan, and Illinoiswith book vauein excess of $500 million and isthefirg
for-profit, tranamisson-only company to operate in more than one gate. ATC wasformed through the
trandfer of assats primarily from investor-owned utilitiesand capitd contributions by public-power entities
Thelatter have fractiond ownership of the company. Asdectric trangmisson isATC’sonly busness itsonly
profits are through its earnings on transmission assets

The company became amember of the Midwes 1SO (MIS0), the not-for-profit RTO in the region where
ATC opeaes It expectsto make money by providing tranamission for its cusomersusng itsexiging and
planned fecilities ATC can make money only by saying “yes’ to cusomer requestsfor trangmisson capacity.
Its expected congruction budget of more than $100 million per year for four yearsis quite large for acom-
pany of itssSze. The company wishesto take advantage of the fact that atranamision-only company can
goread the cogs of new congruction over agreater portion of the areathat will benefit from the new con-
druction. The company expectsto deveop and receive FERC gpprova for new productsfor itscugomers It
remainsto be ssen whether the incentives established by the regulatorswill alow the company to medt its
gods of enauring cog-effective reliable tranamisson to dl its cusomerswith gppropriate earnings for its
invetors

The pagt two years have withessed the proposd of severd new independent gpeculaive (merchant) tranamis
gon projects Thethree mog prominent are: the TransEnergie U.S. Ltd. 26-mile DC underweter cable join-
ing Connecticut and Long Idand; the 4,800-MW high-voltage direct current (HVDC) Neptune Project
connecting Atlantic Canadawith New England, New York, and PIM; and the expansve TransAmerica Grid
project to link mine-mouth cod-fired plantsin Wyoming to load centersin the Chicago and Los Angdes
regionsthrough DC lines The Neptune Project isprobably a the mogs advanced sage and will be usd
bedow to illugrate the key agpects of amerchant transmisson project.

The badc thrug of Neptuneisto connect generatorsin areaswith plentiful suppliesto loadsin large metro-
politan areas The project amsto exploit the resource and load diversty of the interconnected regions and
to drengthen the interconnections between the New York, New England, and PIM grids In efect, the
Neptune Project would become an integrd part of the emerging Northees RTO envisoned by FERC.

The Neptune Project’sMay 23, 2001 filing with FERC detailed the four-phase gaging of thisambitious

D C submarine-cable-basad grid network. Thefiling requested FERC's gpproval for the proposed open-
accesstariff a negotiated ratesfollowing an open-ssason goproach to cagpacity reservetion (FERC D ocket
No. ER01-2099-000). The July 27, 2001 FERC Order accepted the tariff subject to certan conditions
FERC required dl Neptune Project capacity to be subject to the open-season gpproach to capacity reserva
tion and thereby put an end to the project’s proposed st-adde of 30 percent of capacity for bilaterd negotia-
tions The project was mandated to join an RTO and usethe RTO’staiff. FERC’s Order directsthe project
to work with the future Northeeg RTO in the design of atariff to integrate the project’sfinancing needs
Thisisatwo-9ded directive because the FERC duly 12 Order detailing itsvison for the Northeeg RTO
gated unequivocdly that its“long-term competitive gods are better served by RTO expanson plansthat
dlow for third-party participation aswel as merchant projects outdde the plan.” FERC directed PIM to
develop revised procedures 0 that “third parties may participate in congructing and owning new tranamis
don fadlities” The FERC directive clearly putsout awecome mat for merchant trangmisson projects
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The July 27, 2001 FERC Order dedt adeath blow to the project’s reques to indude compensgtion in

the tariff for sysem benefits on the exigting transmisson sysem. However, negotiationswith the future
Northees RTO may result in compensation for the increase in available trander capability in the exiging
network resulting from the new fadlitiesif the parties can desgn the RTO taiff to explicitly or implicitly
accommodate this compensation. The project will know the Sream of revenuesit may expect once the open
season for capacity reservation is completed.

The FERC open-door policy for merchant tranamisson may condderably change the nature and gructure
of thetranamisson grid in the U.S. Unless carefully crafted initiatived policies are formulated, the grid may
face the threat of Bakanization. Thisthreat could result in opportunigic expanson adong the profitable
paths while neglecting the rdiability of the remaining grid. Such “cherry picking’ reducesthe invesment
incentives for invesorswilling to undertake a more comprehengve regiond expanson plan. Sepswill be
required to ensure tha commensurate improvements of the other parts of the grid are undertaken so no grid
cusomers are disadvantaged.

“Straw Man” Business Models

Two of the busnessmodd variationsdescribed in the section “The Range of Options of BusnessModds” on
page C-4, represent the main advantages of the ssparate ownership and control and joint ownership and con-
trol goproaches The nonprafit 10 tha controls asssts owned by regulated TOs representsthe busness mode
tha currently prevallswith ssparate control and ownership of trangmisson asets At the other extremeisthe
for-profit ITC. Thesetwo moddshave been a the center of the nationd debate concerning the preferred bus-
nessmodd for RTOs Much of that debate hasnot been edific about the key wegk pointsof each modd:

e Thenonprofit ISO modd implemented in severd sygsemsin the U.S. lacks a market-based
mechaniam to atract trangmisson invesment. In fact, the Cdifornial SO hasjug issued a
contract for the devdopment of methodology for market-based evduation of tranamision
invesment proposas

*  Modg charatterizations of I TCsdludeto PBR schemesbut do not ecify detals

The subsections below present “sraw man” vergons of these two busness modds for the purpose of fleshing
out the posshilitiesinherent in the ssparate ownership and control and combined ownership and control
organizationd gructures

Nonprofit ISO Controlling Transmission Assets Owned by Regulated TOs

This section describestwo variants of a busnessmodd in which anonprofit 1SO operates and controlsthe
tranamisson asets owned by TOs and manages congestion in red time by digpaching baancing energy
resources usng a security-congrained, bid-based economic procedure. These variants roughly represent the
desgnsimplemented a PIM and ERCOT, with the addition of a mechanian for fosering market-based
trangmisson invesment. Under these modds users of scarce tranamisson resourceswho schedule energy
transactionsthrough the |SO are charged ared-time congestion fee that represents a“scarcity rent” for the
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use of these repurces Tha scarcity rent a<o reflectsthe incrementa cog of relieving congegtion through
counterflow, which resultsfrom digpatch of generation resources out of merit (i.e, digpatching more expen-
dve energy ahead of less expendve energy). In principle, any congegtion problem hasa “generation solution,”
which amountsto cregting counterflow on the congesed interface, and a “wires solution,” which requires
invegment in tranamission assets From an economic pergpective, the optima amount of trangmisson capac-
ity isachieved when the marginad cog of the generation solution and tha of the wire solution are equdl.
Thisequdity representsthe optimum solution from asocid perspective, i.e, thetotd of consumer and pro-
ducer aurplusis maximized; however, thereisno guarantee that the consumer surplusincreases a this solu-
tion. Trangmisson cagpacity mitigates market power, 0 it ispossble tha additiona capacity may benefit
consumers by fadlitating trading and reducing energy prices dthough such investment need not be optima
from atotd wefare pergective It isdo possblethat atranamision expanson that issocidly desrable may
disadvantage some consumers by increesng ther energy cogs

In current nonprofit 1SO dructures the SO hasrespongbility and authority for trangamisson planning, but
theinvesments are made by the TOs The 1SO can order aTO to build tranamisson fadilitiesand hasthe
authority to evauate and authorize congruction of faclities proposed by invesors These planning and evd-
uaion activities are predominantly driven by reliability condderaions Invegmentsin new transmission
asetsthat are goproved by the 1SO are tranderred to SO control and receive compensation on aregulated-
rate-of-return or cog-of-srvice bassin the same way asistrue for exiging facilities The funds required for
compensating TOs are collected by the 1SO through the sale of trangmisson rights congestion charges con-
nection charges and energy-based uplift charges

We explore next the optionsfor economics-based transmision invesment in the context of a nonprofit 1S0.
Thebadgcideain an economics-basad tranamisson invesment paradigm isthat efficient invesment in
capacity®isamed a reducing scarcity of capacity resources up to the point a which the socidly optima
cgpacity levd isachieved and such invesments can Hill be financed by scarcity rents Hence, dl weneed is
to egtablish a sysem of property rightsto the tranamisson sysem and amechanism that will dlow investors
in new capadity to collect the appropriate scarcity rent for that capadity. Then, invetorswill have the incen-
tive to put up the capitd for capacity expanson and the scarcity rentsthat they will collect will be sufficient
to finance that invesment aslong asthe wires solution is more economical than the generation solution.

Congder asgmplified world with no externditieswhere atranamisson line connecting two locations could
be expanded in smdl increments by adding individud fibersto theline. If the capacity of thelineis scarce,
userswill be charged a congegtion fee. By adding fibersto theling, theinvesment reaultsin increesng the
flow and would be entitled to collect the congestion fee for the additiond flow. Aslong asthat revenue
exceeds the financing cog of the capacity expanson, invesors are motivated to add more capacity. However,
as more capacity isadded, scarcity rents may drop until the rent for shipping another MW of power across
the tranamisson line exactly coversthe financing cog for adding one more MW of tranamisson capacity.
Because the scarcity rent reflectsthe margina cog of digpatching energy out of merit in order to reieve con-
gegion on theline the levd of capacity a which the congegtion rent exactly coversthe financing cogsisaso

“An example of this possbility isdescribed in the Issue Paper, Trangmisson Sygem Operationsand Interconnetion, by F
Alvarado and S Oren.
B\We use the word “capacity”’ loosdly; capacity refersto an increaein the trandfer capability of the tranamisson sysem.
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the socidly optimd capacity leve a which the margind cog of awires solution equasthe margind cod of a
generation solution. Clearly, under thisschemeit isnever socidly optima to add trangmisson cgpacity to
the extent that it will diminate congesion completey even though that might be desrable from the pergoec-
tive of fadlitating trade and mitigeting market power.

In the next subsections we gpply the above principles of economics-driven capacity expanson in the context
of two variants of nonprofit 1SO operation.

The nodal pricing/forward financial transmission right approach (the PJM model)

In thisvariant, the |ISO operates an energy oot market where locational margina energy prices are based on a
scurity-condrained, bid-basad, optima digpatch. Congegtion chargesfor a point-to-point transaction are
priced a the opportunity cogsgiven by the locationd price difference between the two points Point-to-point
forward financid tranamisson rights (FTR9) take the form of financid indrumentsthat entitlether holders
to thelocationd price difference timesthe number of rights (in MW units) over the goecified timeinterva.
Thisingrument isequivalent to aphysca right because it enablesits holder to execute a point-to-point trans
action and offsat the congegtion chargeswith the FTR revenues FT Rsare auctioned off by the |SO periodi-
cdly for different time horizons The FTRstha areissued mug satisy Smultaneous feegbility conditions
which requiretha if dl FTR holderswereto usethar rights by scheduling corregponding transactions these
transactions would be feadble without impacting the security of the sygem. This smultaneous feedbility con-
dition guarantesstha the congestion revenue collected by the ISO can cover the FTR sHtlements

An idedized market-based gpproach to tranamisson invesment can be implemented within the above
framework by smply awarding trangmisson investors an gopropriate number of FTRstha will reflect the
enhancement provided by ther invesment.** These awards can capture dl the externa effects of the expan-
sgon. Awarding the investor aportfolio of FT Rsthat reflectsthe incrementa trander capabilities between the
different nodes can accomplish thisgod. If the trander capability between some pairs of nhodes has been
reduced by the expanson, the correponding FTRs mug be taken off the market and the market vaue of
those FTRsdebited from theinvesor'saward. If the invesment issocidly efficient (i.e, it codslessthan a
generation solution to the congestion problem it solves), the settlement income of the awarded FT Rs should
provide aufficient fundsto finance the invesment. The portfolio of FTRstha representstheincressein
trander capabilities of the grid from expanson of even asnglelineisnot unique. Hence investors may be
dlowed to choose the FTR portfolio that providesthem appropriate compensation for their invesment.*

The above approach may work for rdativdy smdl incrementd invesmentstha will not have amgor impact
on the market vaue of the FTRs Itsmgor shortcoming istha isdoesnot corregpond to theredity of trans
misson invesments which are lumpy. Theincrementd addition of fibers while a ussful metaphor to explain
the conceptsinvolved, isunredigic. The addition of capacity will likdy diminate the congetion aswel asthe
congegion rentsthat are upposad to provide theincome sream to finance the invesment. The effect of
lumpiness and the percaved risk associaed with acash flow reaulting from FTR settlements may discourage
invesorsfrom accepting FTRsin lieu of agableincome gream. Thus mgor invetmentsin trangmisson will

T his description follows the work of Hogan (1999), who articulatesthis gpproach and the resolution of some obvious
shortcomingsin detail.
The detals of such a procedure are described by Bushndl and Soft 1996.
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dill require regulaory gpprova and some form of cogt-based rate-of-return regulaion. Neverthdess even if
FTRscannot sarve as an invesment compensation, FTR market prices provide important market sgnasfor
trangmisson invesment and should be taken into consderation in trangmisson planning activities

An intereging, dthough potentidly controversd, resolution to the lumpiness problem has been proposed by
Hogan (1999), patterned after the trestment of patentsand intdlectud property. This scheme would alow
invegtorsin tranamision to withhold a portion of the capacity they ingdl for alimited time period to main-
tain an “optimd” leve of congegion that will sugan the market value of the FTR they obtain and thus
dlow them to recover their invetment cogs Thisschemeissmilar to the gpproach usad in awarding
paentson drugs which dlows drug companiesto collect monopoly profits during alimited time period in
order to recover R& D cods Implementing such a scheme would be rdatively easy. Theinvesor would
ingruct the 1SO aout the capacity the invesor wishesto rdeaseto the IO, and the 1SO would adjug the
condraint it usesin itseconomic digpatch dgorithm accordingly (effectively derating the ling). The investor
would get FTRsonly for the cgpacity rdessed. The invesor would not have an incentive to ause the sysem
and withhold more capacity than needed to recover theinvesment cost because such excessve withholding
might result in higher FTR valuesthat may atract additiond invesment, and that would undermine the
investor's objective of maximizing profits At leag in theory, an invesor would be motivated to rdease to the
SO what would have been the optima amount of cagpacity expandon absent the lumpinessisue

The zonal pricing/flowgate approach (the ERCOT model)

Thewide variation in red-time noda pricesreulting from security-congrained, bid-based economic dis
patch can often betraced to asmal number of condrained dementsin the tranamisson sygem, referred to
asflowgates®® Although the above observation may betrue a any point in time, it is debatable to what
extent flowgaes are persgent and predictable. The congestion management sysem adopted in Cdifornia
and by ERCOT and under condderation in some emerging RTOsisbasad on the premise that mog conges
tion occursa alimited number of predictable bottlenecks If this premiseisreasonable then it ispossbleto
desgn apricing sygem basad directly on the margind vaue of the individua congesed fadilitiesand a cor-
responding sysem of property rightswith regect to these fadilities This gpproach, sometimes caled the
“flowgate’ rights (FGR) gpproach, is dependent, however, on knowledge of the Power Trandfer Didribution
Factors (or PTDF9).** Under this scheme, tranamisson users schedule transactions with the 1SO, and the
IO employsincrementd and decrementd energy bidsto relieve congegion and meat security congrants at
lees cod. Trangmisson usrsare charged a congestion fee based on the fraction of their scheduled transac-
tion tha flows on the desgnated commercidly Sgnificant congraints (CSCs). The charge per MW flow on
aCSC isst to the shadow prices(i.e, margind vaue) on capacity of the CSCs ,which reflects a scarcity
rent. These shadow prices are do equd to the margind cogt of rdieving congesion on the CSC through
deployment of balancing energy to produce counterflow. For the case of radidly connected flowgeates, this
mode leads naturdly to azond pricing sructure. For other cases it isequivaent to anodd pricing sysem
unlessazona gpproximation iscregted for the resulting prices

8Even one congeted dement may result in different pricesa every nodein the sysem.
BFor adetailed discusson of the flowgate approach to congestion management, see Chao, Peck, Oren, and Wilson
(2000).
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Trangmisson rightstake the form of flowgete rightswhich are rights, denominated in MW, that entitle the
holder to a payoff equd to the shadow price on the correponding CSC. In mog cases it isquite Smpleto
define thexerights as directiond rights(i.e, they have vaue only if tranamission capacity isscarcein the des
ignated direction of theright). A user of the tranamisson sysem can fully hedge the congegtion fee for a
transaction by holding a portfolio of FGRsthat reflectsthe digribution of flow on the CSCsinduced by the
transaction. It that cass, the FGR settlement revenue exactly offsetsthe congestion fee

Capacity expandon in thisvariant of the nonprofit 1SO busness modd (implemented in Texas and
Cdifornia) isbased on aplanning and gpprova processrun by the SO and driven by condderaions of rdi-
ability. The SO can order cgpacity expansgon and hasthe authority to approve invesments proposed by
TOs Approved invesments are compensated through a cogt-based, regulated rate of return.

Applying the market-based tranamission invesment paradigm in the FGR is context would be smpler than
in the nodd pricing case because for the FGR approach the externdities have been priced out. The shadow
price on a CSC reflects exactly the margind vaue of adding one MW to the flow limit on tha CSC.
Conseguently adding one MW of capacity to a CSC can be directly rewarded with aoneMW FGR on that
CSC, and theincome from that FGR coversthe financing of the incrementa investment aslong asthe
invegment issodidly eficient. An invesment isdeemed inefficient when the shadow price reflecting the
margind vaue of theincrementd capacity or equivdently the margind cog of producing counterflow
through procurement of balancing energy exceedsthe amortized invesment cod for expanding the capacity
of aCSC. Incdentdly, because the FTR (full nodd) pricing sydem isfundamentdly equivaent in itsvaua
tion gructure to the FGR gpproach, a correponding anayss can be performed for the FTR cae

Asin previous examples amgor obgade to market-based invetment isthe lumpiness of capacity expanson
projects which preventsinvesorsfrom being able to exactly gauge the appropriate anount of trangmission
expandon 0 that the FGR revenues pay off the financing cogs of the project. The FGR prices provide a
useful market 9gnd for capacity expangon that should be taken into congderation in planning and evauét-
ing invetments however, regulatory intervention is needed to guarantee an gppropriate return on invest-
ment. The dternative of alowing withholding of the cgpacity for alimited time horizon 0 that invesors
can recover ther invesmentsthrough FGR sattlement revenues gppliesherejug asin the FTR case

It isworth noting that FTR and FGR become identicd in the case of aradid AC sysem or a controllable
DC trangmisson link between two nodes In both cases the entire flow resulting from a point-to-point
transaction movesthrough theline. One may interpret FGR asan attempt to treet the expandon of atrans
misson interface asif it were amerchant D C expanson for the portions of the flow tha go through tha
line. However, unlike the case of controllable DC merchant lines there isno one-to-one correpondence
between the added capacity and the increased point-to point trandfer capability. A trader would need to
acguire FGRs on multiple linesimpacted by the trader'stransaction in order to be hedged againg congegtion
charges Therefore, amerchant invesor in anonradid AC interface cannot finance invesments by directly
=ling cgpacity on its merchant line asisthe case for the Neptune and TransEnergy projects described on

page C-25.
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The For-Profit ITC

Although no for-profit ITCsexig in the U.S to date severd proposas have been deveoped in reponseto
FERC Order No. 2000. In thismodd, we envison a company of aufficient regiona scopeto interndize
many of the externdities associaed with itstranamisson operations The ITC ownsor leases and operaes
mog of itstranamisson resources® The ITC isindependent (as gdled out in the FERC Order No. 2000)
of any generator, wholesde energy trader, or digribution company, and it operates asaregulated monopoly
respongble for trangmisson operations maintenance, and invesment. Such an ITC would typicdly be cre-
ated by divedtiture of facilitiesfrom one or more verticaly integrated utilitiesto form an independent com-
pany. If agngle company divessal itstransmisson assets the process of s#tting up the ITC isconceptuadly
dmple akin to any divegtiture except that the vaue of the asstswill be determined by exiging and antici-
pated regulaion, and the divestiture itsaf will require regulatory goprovad. In the U.S, the more likdy sce-
naioistha severd utilitieswould dives their tranamisson asetsto form an ITC.2

Whether the assets of an ITC are divested from a sngle company or from multiple owners ther vauation
depends on the regulatory rulesregarding rates, profits and any operationd condraintsimposed on the
ITC. Thekey isue hereisthat the verticd integration of ownership and control interndizes some of the
externdity between invetment and operation. Thisenablesthe regulator to devise areward schemethat
aopropriatdy reflectsthe output of the ITC, i.e, thetrangmisson srviceit provides rather than the cogs
of itsasets Asindicated earlier, it isunlikdy that an incentive scheme can be devised that inducesthel TC
to Hfishly produce a st of operating rulesthat are condgent with FERC's open-access orders and with
socid efficency objectives Theregulatory regime imposed on the ITC determinesthe condraintsit faces
and itsprofitability. ITC regulation mug be compatible with FERC's OrdersNos 888 and 2000 and pro-
videincentives and condraintsthat will inducethe ITC to operate the trangmisson network to foder effi-
cient short-term energy markets It should dso be compatible with the financid viability of the I TC and
with long-term incentivesfor the ITC to inves in and mantan the tranamisson network.

The god should beto move I TC regulaion toward a performance-based approach; thisgod can be app-
roached in an evolutionary manner, garting with an ROR draegy that will evolve into PBR. The ROR
phase can provide atraining ground for the subsequent PCR phase in which price caps can be benchmarked
agang the immediatdy preceding ROR regime. Initidly, the PCR might include congraintson the alowed
rate of return in the form of profit-sharing bands Over time, asthe ITC and the regulator devdlop abetter
underganding of the risksinvolved, these profit-sharing bands can be rdaxed until they disgppear dtogether,
leaving the price cgp to asure proper incentives and reasonable consumer dividends

Whether under ROR or PCR, the ITC can offer more than one srvice, and each service may have a com-
plicated cog dructure Thus thel TC neadsflexibility to change individua pricesto accommodate changing
cugomer needs subject to an overdl profit or price congraint. For this srav man busnessmodd aprice

2Thismodd follows dosdy the ITC vidon articulated in Awerbuch, Hyman, and Vesey (1999) and Awerbuch, Crew,
and Klendorfer (2000).

2 n Cdifornia, for ingance, the recent dectricity crigs provided a golden opportunity for the formation of an ITC.
There was discusson about the gate purchasng the tranamisson assts of PG& E and Southern Cdifornia Edison to
provide these companies cash that would enable them to pay off their debts
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dructuretha consgsof athree-part tariff, asdescribed by Awerbuch, Crew, and Kleindorfer (2000) hasthe
components

» Afixed access charge, levied on loads This charge depends on the sygem’s ability to offer
access (capacity) to cugomers. Such a charge givesthe company an incentive to add cus
tomersor capacity in the most economicad manner because these factors increase access
charge revenues and are not areturn on rate base.

A MW-basd priority injection rightsfee or congegtion charge, levied on generators The
revenues from this charge can be usad to hdp manage congestion. These feesdo not go to
the ITC but are used as offssts againg access charges which diminates a potentidly per-
verseincentive for the ITC to perpetuate congestion in order to collect more congesion
f%ZZ

A MWh throughput charge levied on loadsfor eech MWh ddlivered. Thisreflection of
sydem usage providesthe I TC with incentivesto useits assets more efficiently. This charge
may be varied by node, zone, time of day, ec. to better reflect the margind cogs of trans
misson.

By properly adjuging the weights between the access and energy chargesin the price cgp formula and
accounting for regulatory lag between adjusments it isposible to provide incentivesto the ITC to make
the invesments necessary to relieve congegtion. Thisdasic PBR goproach has been employed in the
tdecommunicationsindugry. The basc principleisthat it ismore profitable for the firm to meet itsprice

Options

cgp through usage revenues than through access revenues. This crestes an incentive for the firm to rdieve
congegion in order to increase transaction volume on the trangmisson network.

In the preceding sctions, we examined avariety of dternative busness moddsfor tranamisson and isues
asociated with these modds Oneimportant message that emerges from this examination istha thereisno
perfect busnessmodd for trangmisson. The“bes” modd in any given Stuation depends on the ownership
gructure and regulatory environment that form the context for the creation of the tranamisson entity.
Therefore, rather than prescribing particular modds, we define ultimate goasthat could be sHected to guide
short-term actions and s&t an agenda for change in transmisson busness modds The optionswe outline
beow are not mutudly excdlusve but are intended to emphasze different key points

Option |

Move toward regiona consolidation of trangmisson assts under the control of for-profit regulated inde-
pendent tranamission companiesthat will be subject to PBR and will have the authority and repongbilities

2T he details of this scheme are described in Deng and Oren (2001).
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of an RTO, including the planning and financing of new tranamision investment. This option may require
legidative initiatives to empower FERC to order divediture of privatdy owned trangmisson assts and enable
the divedtiture of tranamission assats owned by public power entities including federd power authorities and
municipa utilities It would dso require modificationsto the exiging Satues to exempt trangmisson assts
funded through tax-free bondsfrom private-use rules

Option 2

Initiate congressona legidation and tax reform that will enable publicly owned transmisson asstsinduding
those owned by federd power authorities and municipditiesto be put under the full operationd control of
RTOsfor unregricted commercid use Empower the RTOsto plan, authorize, and order trangmisson ex-
panson and finance this expangon through afederaly mandated, energy-based surcharge.

Option 3

Initiate organic growth of independent transmisson companies by inning off tranamisson assets owned by
federd power authorities (e.g., TVA) to form the core of a voluntary tranamisson-owners consortium that
would operate asafor-profit ITC, subject to PBR and with the authority and responghbilities of an RTO.
The profit share reaulting from the federaly owned trangmisson assts can be channeded into the federd
power authority. Thisoption would gill require congressond legidaion dtering the mandate of the federd
power authorities and rdevant tax reforms

Option 4

Have nonprofit RTOs operae tranamisson aststha have multiple owners Invesment and innovetion
would be left opportunigic, with merchant DC and AC tranamision-expanson initiatives subject to goprova
by the RTO. Merchant invetment would be financed through transmisson rightsissued by the RTO asenti-
tlementsto congetion rentsor to physicd capacity. Additiona invesment for expanson nesdsidentified by
the RTO could be solicited and financed on a cod bassthrough rate increases, subject to date regulation. A
federd energy surcharge (dmilar to agasoline tax for financing highway congruction) can provide an dterna-
tive financing mechaniam for RTO-initiated trangmisson expanson subject to FERC gpprovad. (Thisoption
iscloses to the current Stuation in the U.S)

Summary and Conclusions

Thispaper describesthe issuesthat mug be conddered in adopting a busness modd for atransmisson serv-
ice provider. Many dimengons musg be accounted for, and thereisan ongoing debate, in the context of
FERC'sRTO initiatives, over the merits of competing modes The key issuesthat diginguish the modds are
whether or not control and ownership of tranamisson assts are verticdly integrated and whether the TSP
operates asafor-profit or nonprofit enterprise. The two extremesthat have been the focus of the ongoing
debate are the nonprafit 10 that operatestranamission assets owned by regulated trangmision assts owners
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and the for-profit regulated I TC that ownsand operaestrangmisson assts With few exceptions mog of
the materid previoudy written on thistopic advocates one modd or another. This paper ddinestesthe issues
involved in the variations on these two generd modes describes a broad range of options and presntsthe
pros and cons of the dternatives based on postions expressed by experts on both sdes of the debate. The
paper do reviews approachesthat have been adopted in other countries and the resulting experiences The
fundamentd quegtion remains what isthe best way to provide incentives and finance invesment in the
trangmisson sysem, which hasnot kept up with the generation sector and the increased demandsfor trans
misson services reaulting from restructuring of the dectricity indugry in recent years

Of the various optionsfor busness modds described in the previous section, Option 4 isthe dosed to the
current date of affars Unfortunady, rdiance on merchant expanson doneisunlikdy to produce sufficient
invegment in tranamisson, and cog-based remuneraion of new invesment failsto adequatdly recognize the
risks perceived by invetors

Thefact that even ardaivdy largeincrease in tranamision investment would result in modest increasssin
cugomers dectricity billswhile having great potentid benefitsfor efficiency, rdiability, commerce, and miti-
gation of market power suggeststhat we should err on the sde of overinvesment in transmisson to enhance
trade and increase sysem rdiability. Such invesment should therefore be encouraged through PBR tha
offersincentivesfor additiona capacity by dlowing the investor to sharein the vaue added by such capacity
to the sygem in terms of improved rdiability and increasad trading. Such an gpproach can only beimple-
mented when operation and invetment are controlled by the same entity, which can profit from the added
vaue A shemelikethat found in the UK, which dlowsthe tranamission company to sharein the gain
from reducing congegtion uplift cod. Thistype of scheme could not be implemented when congesion man-
agement isunder the control of a nonprofit RTO that passes congesion codsthrough to consumersand
nether bearsany of the cog of cgpacity expangon nor sharesin any benefits from congesion reduction.

It isthe authors opinion that Option 1 presentsthe mog promisng busness modd to srve the tranamis
son sector in thelong term dnceit isamenable to performance basad regulation and enables compensation
of tranamisson asetsbasad on their vadue rather than cog. Option 2 isapartid but necessary sep toward
achieving the gods of Option 1, and Option 3 isless dedrable because of itslimited scope but could repre-
sent apragmatic garting point that would enable usto experiment gradualy and on alimited scae with the
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Introduction

The U.S dectricity indugry isin the midg of atrandtion from a gructure dominated by verticdly integrat-
ed utilitiesregulated primarily at the dateleve to one dominated by competitive markets In part, because
of the complexities of thistrangtion, planning and congruction of new tranamisson facilities are lagging
behind the need for such grid expangon.

Between 1979 and 1989, tranamission capacity increased dightly fager than did summer pesk demand
(Hirg and Kirby 2001). However, during the subsequent decade, utilities added tranamisson cagpacity a a
much lower rate than loads grew. The trends established during this second decade are expected to perd s
through the next decade. According to one andyds maintaining tranamisson adequacy e its current leve
might require an investment of about $56 billion during the present decade, roughly haf tha needed for
new generation during the same period (Hirgt and Kirby 2001).

Expanding transmisson cgpacity requires good planning (aswell as gppropriate market rules and regulatory
overdght). The Federa Energy Regulatory Commission (FERC 1999) emphaszed the importance of trans
misson planning in the crestion of competitive wholesdle markets FERC wrote that each regiond tranamis
son organization (RTO) “mug be reponsgble for planning, and for directing or arranging, necessary
trangamisson expangons additions and upgradesthat will engble it to provide efficient, rdiable, and non-
discriminaory trangmisson service and coordinate such effortswith appropriate geate authorities” FERC
included trangmisson planning as one of the eight minimum functions of an RTO:

[T]he RTO mug have ultimate reponghility for both tranamisson planning and
expandon within itsregion tha will enableit to provide efficient, rdiable and non-
discriminatory srvice... . Therationde for thisrequirement istha a sngle entity
mug coordinate these actionsto ensure aleast cos outcome tha maintains or
improves exiging rdiability levels In the absence of a dngle entity performing
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thexfunctions thereisadanger tha separate tranamisson invesmentswill work
a cross-purposss and possbly even hurt rdiability.

Thissift from planning conducted by individud utilitiesfor their sysem to meat the needs of ther cus
tomers, to planning conducted by RTOsto meet the needs of regiond dectricity markets raisssimportant
isues (Table 1). Thex issuesinclude the criteriafor planning (rdiability, economics ec.); environmentd
congderations (effects of tranamision expangon on the location and types of emissonsfrom power plants
accommodation of remotdy located renewable resources aswdl asthe direct Sting and environmenta
effects of tranamision); economic devdopment (providing greater accessto chegper power may encourage
locd and regiond economic growth); the role of congegtion cogsin deciding which projectsto build; the
congderation of generation, load, and tranamisson-pricing dternativesto new transmisson projects the
economic and land-use benefits of building larger facilities ahead of immediate need; the role of new solid-
date technologiesthat permit operation of tranamisson sysemsdoser to ther therma limits therole of
merchant trangmisson projects and the growing difficulty in obtaining data on new generation and load
growth causad by the separation of generation and retall service from tranamisson. Findly, collaborative
tranamisson-planning processes which include various gakeholders early in the process (e g., asproblems
are being identified rather than when solutions have aready been sdected), should be conddered as RTOs
plan for future regiond dectricity nesds

Part of the complexity asociated with tranamisson planning ems from trangmisson’s centra podtion in
dectric-sygem operations and wholesale power markets Because of its centrdity, trangmisson serves many
commercid and rdiability purposes American Tranamission Company (2001) identified severd objectives
for tranamisson planning and expangon: improve trander (import and export) capability from different
directions accommodate load growth without delay, accommodate generation devdopment without deay,
provide flexibility to tranamisson cusgomersto modify ther transactions as market conditions change,
reduce service denids and interruptions due to transmisson condraints (equivaent to reducing congegion
cogs), cut loses and improve rdiability. Southern Company Services (1995) mentions many of the same
objectives and a0 includes provison of sufficient margin to permit tranamisson dementsto be taken out of
service temporarily for maintenance.

The American Tranamisson Company (2001) plan notes some of the many isuesit will have to congder as
it plansfor transamision expanson, incuding public involvement in the planning process minimizing envi-
ronmenta and land-use impacts timey licendng and congruction of good projects and baancing the
robusness of the tranamisson sysem with the need to keep tranamisson raes reasonable.

The foregoing comments on the purposes and complexities of transmisson planning emphas ze the fact that
auch planning isonly one dement of abroader processtha ultimatdy leadsto the congruction of needed
bulk-power fadilities (Fig. 1). To asessvarioustranamisson and nontransmission (generation, load, and pric-
ing) dternaives tranamisson modesrequire large anounts of data and projectionsrdated to loads genera-
tion, and trangmisson. Trangnisson planners use detaled dectricd-engineering computer modelsto asess
thexe dternatives (Fg. 2). Modd results combined with information on project cogs environmentd effects
dting, and regulatory requirements lead to financia and regulatory assessments of different projects Idedly,
these planslead to the congruction of needed projects cog recovery (including areturn on invesment) for
trangmisson owners, and transmisson ratesthat gppropriaey charge usarsfor the srvicesthey receive
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Table 1. Key transmisson-planning issues

Topic

Isues

Rdiability vs commerce

Congegion cods

Alternativesto tranamisson

Economies of scae

Advanced technologies

Planning data

Economic effects

Environmenta and other
wcietd effects

Centrdized vs decentraized
trangmisson planning and
expangon

To what extent should RTOs plan soldly to meet rdiability requirements
leaving decisons on grid expanson for commercid purposss (eg., to reduce
congedion cog9) in the hands of market participants?

Are congegion cods (eg., short-term nodd or zona congestion pricesand
long-term firm trangmisson rights) a suitable bagsfor deciding on tranamis
gon invesments?

Wha role should RTOsplay in assessing and motivating suitably located
generation and load dternativesto new tranamisson? Should RTOs provide
information only or should they dso help pay for such dternatives?

Should RTOsor private investors overbuild tranamisdon facilitiesin antici-
pation of future nead to reduce the dollar and land cogs per GW-mile of
new trangmisson facilities?How should these economies be baanced
agang the possbly greater financid risks of larger trangmisson facilities?

Wha are the progpects for widespread use of new technologies (e g., uper-
conductivity, solid-gate dectronics and fader sysemsto collect and andyze
daa) to improve sysem control, thereby permitting operation of exiging
gridsdoser to ther limits?

Who will provide the data needed for trangmisson planning, particularly on
thelocations timing, and types of new and retiring generating unitsand the
loads and load shapes of retall cusomers?

How should transmisson'simpact on regiond power pricesand the result-
ing impact on the regiona economy be factored into trangmisson planning?

How should the effects of trangmisson availability on the generation mix
and the resulting shift in emissionsbeincluded in trangmisson planning?
How should remotely located generators (e.g., cod and wind) be accommo-
daed in transmission planning? Should trangmisson be built to incresse
fud diverdty for generation and to discipline generator market power?How
should potentid sting problems be incorporated into the planning process?

To what extent can private invesors rather than RTO planners decide
on and pay for new trangmisson fadilities? Can they, in site of network-
externdity effects cgpture enough of the benefits of such tranamisson
projectsto judify ther invesment?How can new technologies advance
private invetment?
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Figure 1. Trangnisson-planning modds and thdr inputsand outputs

Characterize System and Problems

- Load: levels, shapes, and
locations Transmission Planning
- Generation: retirements, new - Planners
construction, and locations —»- Data and projections
- Transmission: topology, - Models
congestion, retirements, and - Results
intercontrol-area flows

Alternative Projects

Transmission Investment Review

Generation
Load management Regulatory Review:
Transmission pricing 4 Siting

Benefits and costs Economics

for each project

Completed Projects
Transmission pricing

Cost recovery, including ROE
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Fig 2. Therdationsip bewemn trangmision planning and itsinputs (data and prgetiong and results

Characterize Transmission System
- Transmission elements

- Loads

- Generation

- Transmission-service requests

Planning Models: Analyze load
flows, voltages, phase angles,
stability for many contingencies

Violations of reliability standards
- Thermal

- Voltage

- Stability =

NO: Analyze costs of
transmission projects plus
energy (including losses
and congestion)

YES: Modify transmission,
generation, and/or load,
and repeat analysis

Recommend

o107 Projects

Fgure 2 expands on the tranamisdon-planning portion of Fg. 1. This second figure shows how load-flow,
dynamic, and short-circuit modds are used to determine whether the bulk-power sysem can megt dl the
applicable operating and planning rdiability gandards The arrow to theright of the box labded Planning
Modedsindicatestha these moddsare run over and over to tegt the ability of the bulk-power sygem to
operate within ecified rangesfor dl fird- and some multiple-contingency conditions
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The fundamentd characterigic that makestranamisson planning and invesment <o difficult islack of con-
trol of the grid and the inability to control the flow through individua tranamisson dements(eg., linesand
trandormers). (Devices such as phase shiftersand direct current (DC) links dlow control, but are much
more expendve than traditiona tranamisson fecilities) Each tranamisson dement ispart of anetwork that
isacommon resource available to al. Because dectricity flows according to the laws of physcsand not in
response to human controls what hgppensin one part of the grid can affect usersthroughout the grid.
Because of thexe large externdities tranamisson mug be centradly managed and regulated. Other characteris
ticstha complicate transmisson planning include:

Large Geographic Scope—Conditions on one part of an dternating current (AC) network
affect flowsthroughout the network. Consequently, trandfers between any two pointson the
network can be regricted by condraints dsewhere in the network. Smilarly, upgradesto
any part of the network affect trander cgpabilities throughout the network.

Diversty of Interets—Each trangmisson enhancement affects many market participants
Generatorswill ether expand their market opportunities (if they are low-cog producers) or
reduce their market opportunities. Loads have dmilar, but opposte, interests

Trangmisson vs Generation—T he solit and differences between competitive generation and
regulated tranamission affect tranamisson planning. The competitive generaion busness
encourages fager planning, shorter deployment times and less sharing of commercidly sen-
gtiveinformation. The regulated tranamisson busness environment produces dower plan-
ning and longer deployment times (to accommodate an inclusve public process) and the
wide sharing of information. In addition, transmisson and generation are both comple-
ments and ubgitutes Asa conssquence, poor trangmisson planning and inefficient trans
misson expansion could undercut competitive wholesale markets and increase dectricity
cods

Long Life—Trangmisson isalong-lived (30 to 50 years), immobile invesment with very
low operating cods The need for new trangmisson shows up in red-time congegion prices
It isdifficult to accuratey forecas the nead for a gpecific tranamisson invesment for severd
decades The generation and demand-dde dternatives are often shorter lived and have high-
er operaing cogsthat can be diminated if theinvesment isno longer needed.

Regulatory Decison Process—Because the regulator (and the regulated entity) are oending
raepayer dollars public processes are usad to produce good decisons All opinionsand
options are welcome and considered, which can leed to atime-consuming and cogly
process

Regulatory Uncertainly—Invesors are unlikdy to gpend their money until it isdear that
they will recoup their invetment and earn areasonable return on that investment.

Environmenta Impacts—Some people oppose new transmisson lines (and, to alesser
extent, subgaions) on aesthetic grounds or because they might lower property vaues
Othersare concerned about the hedth effects of dectromagnetic fidds Although little
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sientific evidence supportsthis concern about transmisson lines public perceptions and
fears may lead to oppostion to congruction of new trangmisson lines (Nationa Ingitute of
Environmenta Hedth Sciences 1999).

Theremander of thisissue paper isorganized asfollows The next section summarizes planning proceses as
practiced by verticaly integrated utilities and today'sindependent sygem operators (1S0O9). Thissection d<0
summarizes the planning processes proposed by RTOs Subssquent sections outline the characterigics of an
ided tranamisson plan and planning process, a benchmark againg which current and future plans might be
asesed; and severd key planning issues and the complicationsthat arise because of the increasng competi-
tivenessand trandtiond gate of the U.S. dectricity indudry. A later section recommends certain actions for
DOE, FERC, and otherson improved planning processes while the fina section summarizesthe key find-
ingsfrom thisisue paper.

Transmission Planning Practices

Traditional Utilities

Higoricdly, trangmisson planning was much smpler than it istoday and than it islikey to bein the future.
Until the mid-1990s the U.S. dectricity indugry featured verticaly integrated utilities Asa consequence,
tranamission planning was dosdy coupled to generation planning. Utilities because they owned generation
and tranamisdon, could optimize invetments across both kinds of assets With respect to operaions utilities
routinely scheduled generation day-ahead and redigpatched generating unitsin red timeto prevent conges
tion from occurring. The cogts of such scheduling and redigpatch were soread across dl cusomersand
reflected in retall rates*

In addition, utilities had good data and forecasing toolsto esimate current and future loads and generating
capacity. Because eech utility wasthe sole provider of retal dectricity services it had condderable informa-
tion on current and likely future load levels and shapes Because each utility wasthe primary invegor in new
generation, it had congderable information on the timing, types and locations of new generation and corre-
goonding information on the retirement of exiging units

Findly, the amount of wholesale dectricity commerce was much lessthan it istoday and it was much sm-
pler. It wasampler in the ssnsethat mog transactions involved neighboring utilities, ether to take advan-
tage of short-term economies of operation or for long-term purchases of firm power.

Current Planning Environment

In today's dectricity indugry, generation and trangmisson are increasngly separated, ether through func-
tiond unbundling of these activities or through corporate separation. This deintegration, combined with the
competitive nature of dectricity generation, makesit much harder for trangmisson plannersto coordinate

Although trangmisson planning focused primarily on generation and loadswithin asngle control ares, thetight
power poolsand regiond rdiability councilsreviewed utility plansto ensure tha projects proposed in one srvice area
would not adversdy affect other utility service areas
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ther activitieswith those of generation owners. In particular, the owners of generation are rductant to reved
ther plansfor new congruction and retirement of exising units any sooner than they have to.

In some regions today's sysem operators are independent of load-serving entities Therefore, the sygem
operators have littleinformation on the detals of retal loads such asthe types of end-use equipment in
place and trendsand patternsin dectricity use. It isnow the load-serving entitiesthat have such informa-
tion, and for competitive reasons they may be rductant to share such information and projectionswith the
sygem operator.

Thisdentegration of generation and tranamission meansthat congetion management isno longer an inter-
nd matter. Of necesdty, congesion management involves a sysem operator, trangmisson owners (if differ-
ent from the sysem operator), power producers, and load-serving entities

The ssparaion of generation from trangmisson can lead to invesment decisonsin both sctorstha are sub-
optima from abroad societd pergpective. For example, more than 8000 MW of new generating capacity
plan to interconnect to the Pdo Verde subgation in Arizona (Emerson and Smith, 2001). But the exiging
trangmission sygem can handle no more than 3360 MW of new generaion. Even with the three new 500-
kV lines proposed for thisarea, the maximum export capability will be only 6750 MW because of gability
limits, well below the 8000 MW planned. To make the problem even worse, mos of these new generators
will obtain naturd gasfrom the same pipdine Thus the outage of this pipeline could become the Sngle
largegt contingency in Arizona, increasng greetly the amount of contingency reservesthat mugt be main-
tained.

Findly, the amount and complexity of wholesde dectricity commerce is much grester than it wasafew
years ago. Transactionstoday can goan severd control areas and ownership of the power may change hands
sverd times between the point of injection (the generaor that producesthe power) and the point of with-
drawd (theload that consumesthe power). This complexity makesit difficult for sysem operatorsto know
the details of tranamission flows and even more difficult to project what these flows might belikein future
years

Review of Recent Plans

Independent Sygem Operators (1SO9) and utilities are devel oping tranamisson-planning processesto
accommaodate the needs of argpidly evolving and increasngly fragmented dectricity indugry. This section
briefly reviews severd plansrecently issued by 1SOsand other regiond entities

The Electric Rdiability Council of Texas (ERCOT) (2001) plan discusses higoricd and projected generation
and load by region within ERCOT, induding arange of projections These projectionsform the badsfor an
identification of exiging and likdly future tranamisson condraintswithin the Interconnection and of an
asessment of the need for additiond transmision. The ERCOT report indudes adiscusson of exiging
trangmisson capacity and expanson posshilitiesfor each of the three ERCOT subregions

Overdl, the ERCOT plan identifiessx mgor tranamisson condraints (generdly thermd limits but sometimes
gability limits). The plan d0 identifies saverd projectsintended to mitigate these condraints These projects
indude sverd 345-kV lines (both new linesand additiond dircuits on exiging towers), agatic compensator
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(to provide dynamic reactive-power support), and capacitors (to provide datic reective-power support). In addi-
tion, thetranamisson owners proposed severd projects which ERCOT recommended for congruction.

Oneindication of the success of the ERCOT trangmisson-planning processisthe number of tranamisson
projects recently completed or under congruction. ERCOT has severd trangmission advantages over other
regions including regulation by asngle entity (the Texas PUC), a gate government that supports additiond
tranamisson, and aregulatory sysem that givestranamision owners a reasonable assurance that their capitd
invesmentswill be recovered. Of the saven projects conddered criticd during the pag few years one was
completed in 2000, five are on schedule to be completed by the end of 2002, and one isundergoing further
evauaion (Texas Public Utility Commission 2001).

Thegodsof the Mid-Continent Area Power Pool (MAPP) (2000) plan areto ensuretha thetrangmision sysem
can “rdiably serve the load indigenousto the MAPP region, ... provide auffident trander capability to rdigbly
accommodate firm tranders of power anong aresswithin MAPP and between MAPP and adjacent rdiability
regions and provide an indication of tranamisson codsfor enhanding trander capability and rdaive cogsfor
dternative locations of new generation.” The M APP processisbottom up, with plansdevdoped by individud
tranamisson owners then integrated for each of the five subregions and then integrated again & the MAPP |levd.
In addition, condderable andyssisdonefor the M APP region asawhole, primarily to andyze projectstha gan
morethan one subregion. The MAPP review enduresthat projects proposad in one subregion will not adversdly
afedt thededricd sygem in other subregions Although MAPP planning gill rdiesheavily on theindividud utili-
ties theregiond planning processis beginning to sgnificantly influence the individua expanson plans

The MAPP plan usesinformation on tranamisson srvice requeststhat were refused dong with data on
transmisson curtailmentsto hep in the andyssof “desdred market use of the regiona and inter-regiond
trangmisson sysem.” Thexe data “provided grong evidence to indicate tha trangmisson condrantsto the
eas of MAPP sgnificantly hampered dectricd sdles’ (Mazur, 1999).

ThelSO New England (2001) plan bresks new andytica ground. This plan explicitly analyzed the potentid
benefits of new tranamisson from reductionsin congegtion through what the SO calsits Projected
Congegion Cog Assessment, “which, through modding, determined the economic cogs associated with
trander limits between regions and separatdy andyzed the New England sysem on a bus by busbasis for
trangmision condraints” Asthe report notes “Sgnificant transmisson congesion will exigt from an eco-
nomic viewpoint, primarily between ME/NH [Maine and New Hampshirg] and Bogon, SEMA-RI
[Southeest Massachusetty and both Bogon and SWCT [Southwes Connecticut]. Edimates of New
England congegtion range between gpproximately $200-$600 million per year during the sudy period,
depending on the assumptions utilized.”

The New England andyss dso congdered the effects of market power on congestion cogs which could
have enormous effects on the benefits associated with new tranamisson facilities Because andyss of sraegic
market behavior isdifficult, the New England analyss used a smple gpproach: it increased the bid pricesfor
dl generatorsby 10 or 25% above ther margind operating cogs? This gpproach may underesimate the

2Thetraditiond assumption in production-coging moddsthat generatorsbid their margind cogsisamog surdy
incorrect. On the other hand, gppropriatey Smulaing bidder behavior, with and without new tranamisson that
expands the scope of regiona markets and reduces congegtion, isvery difficult.
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Figure 3 Congetion aodsin New Engand under different asumptionsabout fud benefits of trangmisson in
prices Hydro Quebecimports and exportsfrom Conneticut, aswel asthebidding  reducing the ability of gen-
behaviar of generators eraorsto exercise market
power.
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Hgure 3 isasummary of
2.0 BCost-based  0+10% ome of the congestion-
anayssreults developed by
ISO New England. The
graph shows how sendtive
thexe edimaes are to differ-
1.0 ent asumptions And thisis
just asubset of the cases
SO NE examined; the 5-
year congesion cogs for
thefull st of casesranged
from about $500 million
Reference Fuel prices +25%  HQ from 500 to 300 MW firm to morethan $3 billion.
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Because thiswasjud an ini-
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1SO New England divided the region into 13 subaress based primarily on tranamisson characteridicsand con-
draints “The subaress have been defined 0ldy based on trangmisson interfacestha are rdevant to both rdiabil-
ity and congegtion concerns” These subareas do not necessarily conform to politicd or utility boundaries

Nationd Grid USA (2000) owns some of the trangmisson asetsin New England. Itsreport islessadetaled
plan for New England and more an overview of likey transamision needsin the future. The report examined
the period 2001 through 2005 in terms of demand projections generaion, the rdationship of generaion to
demand, transmisson-sysem topology (mgor zones and interfaces), tranamisson performance (sysem
power flows), cgpahility (trander limitsand congegtion cogs), and transmisson-sysem opportunities

The chapter on opportunitiesis epecidly intereging because it shows where within New England new gen-
erator interconnections “would dleviate or exacerbate congegtion on the trangmisson sygem.” AsFHgure 4
shows locating generatorsin Boson or southwes Connecticut would relieve congestion, wheresslocating
genegaorsin Mane, northern Vermont or New Hampshire, Rhode Idand, or southeasern M assachusetts
would worsen congegtion. Information like that shown in Figure 4 should help guide market decisonson
new generation and load-management programs aswel as posible merchant-tranamisson projects
Provison of information on the current and expected future gate of the tranamisson sysem and the cods of
usng that sysem could reduce wha North American Electric Rdiability Council (NERC) (2001) ssesas
“ineffident tranamisson expansion [caused by the] uncoordinated sting of generation and the devd opment
of trangmisson projects”
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Figure4 National Grid USAsasesment of thebet and ward loca= Theinitia assessment conducted by
tionswithin New Engand to locate new generating units American Trangmisson Company (2001)
divided itsregion into five subareas Like
SO New England, ATC defined these
zones on the bags of trangmisson “sygem
topology, load characterigtics load dengty
and exiging generation.” ATC plansto
revise the boundaries of these zonesif and
when bulk-power flows and conditions
change. Itsinitid plan presnts severd
proposasfor trangmisson additionswith-
in each zone for 2002, 2003, 2004, and
between 2005 and 2010, based on load-
flow amulaions conducted for 2002,
2005, and 2010.

MM worst location
Il Best location

R
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The Wegern Governors Association
(2001) isued a conceptud plan for the
Wegtern Sygems Coordinating Council.
The plan isconceptud in that it looked a broad regiond neadsand not & locd tranamision neads The
report noted important limitationsin current trangmisson plans and the associated planning processes

The current trangmisson planning processis fragmented, basad on utilities
individua forecads of needs and Specific interconnection requests from new
generation.

At beg, coordination occurson a subregiona bass The current planing process
isreactive rather than forward looking. Thereisawide gap between evolving
merchant needs on the resource Sde (regiond) and exiging grid plans (locd or
aub-regiond) on the tranamisson sde. Planning assumptions are based primari-
ly on locd traditiona resources and give little consderation to remote and non-
conventiond resources

Thiswegern anayss conddered two generation scenariosto the year 2010. One involves gasfired genera
tion built coseto load centersand the other includes cod, wind, geothermd, and other generation located
in remote aress. In the firg scenario, little new tranamisson is needed between 2004 and 2010. In the sec-
ond case, trangmisson invesments of $8 to $12 billion are needed to support 23 GW of new remotdy
located generation.®

*Thisworksout to atranamisson invetment of more than $400 per new kW of remote generation, avery high cod. If
new cod and wind generation cogs about $1000/kW, the supporting transmision would add 40% to theinitid cog.
By comparison, the new tranamisson planned for the Penngylvania-New Jersy-Maryland Interconnection (PMJ, 2001b)
region ($720 million to connect 27,500 MW of new generation) is expected to cos only $26 per new kW of generar
tion. Part of thiscog difference occurs because the digances between generation and load centers are much grester in
the wes than in the mid-Atlantic region.
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Because the Bonneville Power Adminidration has built no mgor tranamisson facilitiesSnce 1987, it has
asubgantid backlog tha it isnow addressng (VanZandt, 2001). Expertsfrom eight dectric utilitiesin

the Pacific Northwest reviewed the firg nine projectsthat BPA proposed, a atota cogt of $615 million
(Infrestructure Technicd Review Committeg, 2001). Thislargdy quditative review examined, for each of the
nine projects the limiting outagesto be addressed by the project, the expected locd and regiond benefits
from the project, various risks associated with the project, aproject description, and dternative transmision
projectsthat could addressthe limiting outages The review d0 includes an gppendix on risk and uncertain-
ty that outlinesthe kinds of risksfacing new tranamisson projects including adeguacy requirements con-
gegtion rdief, changesin dectric-indugry gructure, and over- vs under-building.

Some recent plansare more limited in soope than the ones discussad above. Often, the plansdo not fully inte-
grate planning for rdiability with planning for commerce. Because some entities have received 0 many genera
tor-interconnection requeds ther plansare dominated by the specific projects required to connect these new
geneatorsto the grid. Correpondingly, the plansdo not anticipate possble problemsthat might occur in the
future as a consequence of load growth; generator retirements other new generators bang built within the con-
trol areg; or additiond bulk-power transactionsinto, out of, or through the control area In particular, these
plans generdly do not provide sufficient guidance to market participants on dedrable locationsfor new genera
tion, load-reduction programs or merchant trangmisson. These plans are more reective than proactive, in part
because trangmisson planners do not have enough timeto develop plansthat look out severd yearsand offer
guidance on whereto locate new generators Ingeed, the planners are often overwhdmed with requestsfor new
gengation interconnections The Bonneville Power Adminigration (BPA, 2001) wrote:

BPA hasrecaved requessfor transmisson integration sudiesfor more than 13,000
megawatts of new generating capacity at dtesaround the Northwest. More are
pouring through the door. In jug the last two weeks BPA hasrecaved eght forma
requessfor gudieson integrating new combudion turbinestotding 3,850 MW. ...
The Tranamisson Busness Lineisinforming developersthat it will teke at least
nineto 12 monthsto complete the required gudies*

Asof March 2001, PIM had received more than 250 generator-interconnection requess organized into
sven queues Thefirg five queuesincude 40 GW of new generation to be completed between 2001 and
2004, enough to add more than two-thirdsto PIM’s current generating capacity (Figure 5). Smilarly, 1SO
New England had, as of Soring 2001, a queue with 40 GW of new generation, far more than the region's
pesk demand of 23 GW.

Perhaps because of the many interconnection requets PIM hasrecaved, its plan, dthough massvein length
and detail, gopearsto lack any overdl purpose The plan indudestwo basdine asssssments thefirg of which
anayzes compliance with regiond rdiability gandards from 2001 through 2006 assuming no new generating
unitsare built. The second basdine plan examines in agmilar fashion, the years 2002 through 2007 asum-

“TheTennessee Vdley Authority facesa dmilar dtuation. It hasrecaived gpplicationsfrom independent power producersfor
90,000 MW of new generation, more than three timesthe amount of exiging generation (Whitehead, 2001). TVA would
nead an extra 50 sygem plannersto dear the backlog of interconnection gudies assodaed with dl these new generators
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Figure5 Planned generating capadty in the PIM area. ing dl new generdtion in Queue A°
isbuilt. Separatdy, PM presentsal
14,000 the interconnection sudies asodiat-
ed with the new projectsin Queues

12,000 A, B, and C. In Augugt 2000, the
10,000 PIM Board gpproved the Queue A
condruction projects, with an edi-
8,000 mated cogt of $300 million; in une
6,000 2001, the Board gpproved the proj-
ectsin QueuesB and C, edimated
4,000 to cogt an additiond $420 million.
2,000 Thisreview of recent trangmisson
o plans shows tremendous variation.

2001 2002 2003 2004 No sngle plan encompassesdl the
dementsof agood trangmisson
plan, asdiscussd in the section on Proposed Planning Process. Severd factors explain the lack of key de-
mentsin many plans (1) the dramatic changesin the U.S dectricity indudry raise new issuesfor tranamis-
son planning, (2) the dataand anayticd toolsto address these new issues have not yet been deveoped, (3)
the ISOsare new entitiesthat are gill expanding their gaffs (4) the authority and repongbilities of the
ISOsand other regiona entitiesare not yet dear, and (5) the planning gaffs are very busy responding to
generator-interconnection requess. NERC (2001) recently noted that “these complex and rapidly evolving
requirements are overwhedming the transamisson planning process such that thereisnot enough timeto
develop optimd trangmisson plans”

NEW GENERATION IN PIM (MW)

o111

Review of RTO Transmission Planning

The RTO filings of October 2000, required by FERC's Order 2000, pay little atention to Function 7 on
transmisson planning and expangon. The need to resolve other RTO issues—such as governance, regiond
cope and membership, and transmisson-cog alocation and revenue requirements—dominated the prefiling
ddiberaiions Perhaps because of these factors FERC (1999) gave the RTOsthree years after becoming
operationa to meat the requirements of Function 7.

The GridHorida (2000) Planning Protocol calsfor an “open and indusve process’ conducted by the RTO
and supported by a Tranamisson Planning Committee that will provide “advice and input regarding the
planning process’ to the RTO. The protocol dedswith regiond planning; loca planning; generetion inter-
connection; data bases gandardsfor planning, desgn, and condruction; transmisson congruction; and the
role of reiability organizations and the Forida Public Service Commisson in the planning process

SPIM sortsgeneraor interconnection requessinto queues depending on when the reques was formaly made The
Augug 2001 PIM plan indudes Queues A, B, and C, with atotd of 27,500 MW of new generation. Although the use
of queues may befar to generators itsapplication iscontroversad because it may increase overdl dectricity cogs For
example, some merchant generation projects dthough far down in the queue, might help solve tranamisson problems
and, from a societd perspective, should be expedited.
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Although the GridHorida proposa says much about the planning process, it contains few detailson the
subgance of what atrangmisson plan should contain. While the protocol mentions “market solutions’ it
doesnot definethe term and does not explain how they are to be identified, assessed, and implemented if
found to be cog effective. Smilarly, the protocol mentions “dternative solutions’ but does not indicate what
these dternatives might be, how they areto be compared with tranamisson solutions and how they will be
implemented.

The RTO Wed plan (Aviga Corp. & d., 2000) “anticipatesthat RTO Wes’s goproach [to trangmision
planning] will evolve over time” Theinitid plan anticipatestranamision expangon for two purposes (1) “for
rdiability of srviceto load” and (2) “to rieve congesion.” Asnoted dsewherein this pape, diginguishing
between rdiability and commerdid needsfor new tranamission isvery difficult and perhgpsa

digraction. With respect to rdief of congesion, RTO Weg anticipates a“market-driven expangon mecha
nism,” which, in principle a leag, should reduce the need for RTO Wes to devdop itsown plan in thisarea

Attachment P (Dexription of RTO Wes Planning and Expangon) focuses on decison-making authority:
who decideswhat facilitiesare to be built and who paysfor thexe invesments The Attachment commits
RTO Weg to deveop:

(2) criteriato be applied by RTO Wedt in determining the leve of trander cgpability
that should be maintained from exiging facilities (2) transmisson adequacy san-
dards (3) further definition of the market-driven mechaniam [for tranamisson
expangon], (4) the [new-tranamission-cog] dlocation procedure, induding objective
criterig, (5) interconnection gandards, and (6) the details of the rdationship/partici-
pation of RTO Wegt with appropriate interconnection-wide and regiond rdiability
organizations

The Alliance RTO (American Electric Power Service Corp. e d. 2000) proposd isinduded in its
Attachment H: Planning Protocol. The RTO isresponsble for “coordinaing’ the planning rether than for
doing the planning itsdf. (Some might quegtion whether a*“coordinated” plan istruly an integrated, regiona
plan or merdy acollection of plans prepared by individud tranamision owners) The RTO’s Rdiability
Planning Committee will be “the vehide through which coordinated rdiability planning activitieswill be
conducted.” RTO géff and representatives from each tranamision owner and loca digribution utility will
be members of thiscommittee, but not other market participants This committee will be responsble for the
planning modds and data, reviewing and gpproving planning gudies determining the need for sygem
expangon to medt rdiability needs and tranamisson-service requeds participating in NERC and regiond
reliability processes and coordinating transmisson planning and expanson with other RTOs The commit-
tee will produce a 10-year plan every year. The RTO’s Planning Advisory Committee “will provide aforum
for gakeholdersand interesed partiesto have input in the planning process” With regpect to tranamisson
projectsintended to reduce congegtion, the Alliance RTO “will encourage market-driven operating and
invesment actions....”

The proposd from the New England Tranamisson Owners e d. (2001) buildson the experience with 1SO
New England. It envisonsabinary RTO with anonprofit 1SO and afor-profit independent transmisson com-
pany (ITC). The proposed three-phase planning process “combines the knowledge and objectivity of 1ISO-NE
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[1SO New England] with the grengths of an invesor-owned busnessfocused on trangmisson....” The process
conggsof thefollowing geps

e ThelS0 will lead a needs assessment, which will integrate data and projectionson regiond
loads generation (exiging, planned retirements and potentid additions), tranamisson, and
inter-control areatransactionsto forecad the region’s needs for additiond transmisson. The
needs ass=ssment will be consgent with regiond rdiability planning sandards address con-
gegion cods and condder tranamisson-sysem performance.

* ThelTC will devdop aRegiond Trangmisson Fecilities Outlook, which will identify
trangmisson dternativesthat may be needed based on arange of plausble scenarios

e HFnaly, the SO will ase=ssthe ITC’sOutlook and gpprove aregiond plan. This assessment
will condder other dternatives proposed by the ISO and sakeholders The 1SO review will
provide “a check that the Outlook isnot biased in favor of trangmisson olutionsat the
expense of generation or other market-based solutions” “The decison to proceed with
[trangmission projecty will be made by the market [participantg for market based proposds
(induding merchant transmisson) and by the ITC for regulaed tranamisson proposas”

Thisreview of some RTO filings suggeststha much work remainsto be done by the RTOsto develop com-
prehendve and meaningful tranamisson-planning processes Unfortunatey, progress hasbeen dow during
the pagt severd months One RTO poged a progress report on itswebdtein Augug 2001 that its“... plan-
ning and expandon principlesare ill under discusson....” Deciding on a pecific tranamisson-planning
gpproach isdifficult in some regions because the participants cannot agree on whether tranamisson inves-
ments should be driven by the market participantsor by rdiability requirements In the former casg, genera
tor owners large cusomers and private invesors might pay for new facilities built as merchant projects
whilein the latter case the tranamisson owners (and ultimatey, dl retall cusomers), in reponseto RTO
plans would pay for such projectsthrough a centrdized process

Proposed Planning Process

Asnoted above, trangmisson planning today is much more complicated, and perversdy, much more uncer-
tan, than it was severd years ago. Based on our review of severd recent trangmisson plans we offer a suggest-
ed RTO trangmisson-planning process (Fgure 6), the results of which should indude broad consensus on
new tranamisson and nonwires projectsthat are neaded and tha get built in atimdy and cog-effective fash-
ion.

Severd of the activities ummarized below are covered in greater detal in the following section. Our pro-
posad process beginswith aclear identification of the purpose of the tranamisson plan (Sep 1), followed by
a comprehensve assesssment of the current regiond stuation, encompasing both operations and markets
(Sep 2). Thisdtuation andyds provides afirm badsfor discusing future conditions problems and poten-
tid solutions Seps 3 and 4 involve projections of likey conditions severd yearsinto the future and an iden-
tification of tranamission problemsthat might occur under these pogulated future conditions Seps5 and 6
asess various trangmisson and nontransmisson dternaivesthat might solve the problemsidentified in Sep
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Figure6 Outlined proposd RTO planning proces 4. FHndly, Sep 7 umma
rizesthe reults of the
anayses conducted in the

Define Purpose Situation Analysis: Situation Analysis: ;
of Plan ™ Current T Future prior SIQZ)S and recommends
goecific projectsto address
. . the tranamisson problems
— Alternative Scenarios
Transmission and discused in Sq:) 4.
Problems Risk Assessment
———— l Sep L. Whet |sthe.purpose
Projects Potential Solutions of thistranamisson
- Benefits A - New Transmission
- Costs - Generation plan® Who deve-
- Demand Management it
- Transmission F_’ricing Opaj it?In res
Merchant - System Operations ponse to wha re-
Projects quirements?How

were variousinter-

eg groups (eg., generators transmisson owners load-serving entities didribution utilities retall
cusomers, and gate regulators) represented in the devdlopment and review of this plan?How does
the plan reflect the market design in that region (e.g., the number and types of marketsfor energy,
ingaled capacity, ancillary services and congestion)?How were the practicd limitations of dting
and project financing addressed in the plan (e.g., did the planning process consder nontechnica as
well astechnicd issues who will pay for transmission projects)?To what extent isthe plan intended
to motivate market solutionsto trangmisson problems?

Sep 2. Dexribe the current Stuation, covering bulk-power operations (both generation and trangmisson),
wholesdle markets and transmisson pricing. What problems (e.g., rdiability, congestion, losses gen-
erator market power), if any, occur that are caused by limitationsin the tranamisson sygsem?What
tranamisson projects are under congruction or planned for completion within the next few yearsto
addressthese problems?What are the esimated cogs and benefits of these projects individualy and
in aggregate? What entities are expected to benefit and to pay for these projects? Explan the com-
puter modes used to andyze tranamisson conditionsand the limitations of these modds (andytica
goproximations).

Sep 3. Dexribe the bulk-power sygem asit isexpected to exid in the future (e.g., five and ten years). What
aretheleveds patterns and locations of loads? Describe the region’sflegt of generating units indud-
ing locations, capacity, and operating cogs (or bid prices). What are the likdy effects of new genera
tion fadilities on interconnection requests the overdl trangmisson sygem, and the cods of new
trangmisson congruction?Wha tranamisson-pricing methods might be usad to recover the cod's of
capitd, loses and congegtion? D exribe the tranamisson flowswithin the region aswdl asthe flows
that occur into, out of, and through the region. Given the many uncertaintiesthat affect future fue

T hese purposes could indude maintenance of rdiability, promotion of competitive dectricity markets support for
devdopment of new generaion, promotion of economic growth, cregtion of new jobs and so on.

Therexultsof Seps2 and 3 should be sufficiently detailed that other parties can assessfor themsalves market solutions
to lve these problems (e.g., those discussed in Sep 6).
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prices loads generation, trangmisson and itspricing, and market rules create various scenarios or
sengtivitiesthat can be used subsequently to andyze potentid problems and transmision improve-
ments (Seps4 and 5).’

Sep 4. What trangmisson problems both rdiability and commerdcid, are likely to exig given the future
conditions (scenarios) devdoped in Sep 3Z2Wha other problemsmight exig for which trangmisson
could be applied (eg., generator market power caused by aregtricted geographica scope of wholesde
markets, limited fud diversty caused by insufficient trangmisson facilitiesto remote locations with
fud, such ascod and wind)?

Sep 5. What trangmisson facilities might be added to the current sysem to addressthe problemsidentified
in Sep 4?What effectswould these facilities have on compliance with rdiability sandards, commer-
dd transctions lossss, and overdl regiond dectricity cogs (generaion plustrangmisson)?Can
recent technologica advancesin tranamisson equipment and oftware be gpplied?Do they capture
potentia economies of scde associated with building (ahead of need) larger linesthan currently
needed? Do these proposds addressthe potentiad for generatorsto exercise market power in whole-
sedectricity markets? What are the likdy capita cods of these trangmission additions?How do
the cogs and benefits of individud projects aswell as groups of projects compare with each other?
Can any of these transmisson projects be built on amerchant (i.e, for profit and unregulated) bass?
What kinds of risk asssssment were conducted in developing recommendations on these new trans
misson projects?® How were these risks addressad in the plan, induding the risks of over- vsunder-
building tranamisson?* Should certain tranamisson fadilities be built to guide current and future
decisons on thelocations of hew generating units and the locations and types of demand-manage-
ment programs that is should tranamisson planning be proactive rather than reective?

Sep 6. What nontrangmisson dternatives (induding suitably located generation and price-reponsve load
programs aswdl as dternative tranamisson-pricing schemes?) might be deployed to addressthe
problemsidentified in Sep 4?Thexe dternatives could dso indude changesin sysem-operations
such asremedid-action schemes To wha extent can these generation, demand-sde, and pricing
dternatives address the problems for which the tranamisson facilities suggesed in Sep 5 were pro-

8T hese problems could gppear asred-time congestion, denid of requetsfor service or curtalment of gpproved transac-
tions They could d<o indlude operationd difficulties caused by aging and obsolete equipment that should be replaced
to reduce forced and maintenance outages or increase functiondity.

°It may be very difficult andyticdly to esimate the kinds of drategic bidding behavior that might occur. Such behavior
will be agrong function of the RTO operating and market rulesaswel asthe physcd infragructure (amountsand
locations of generation, trangmisson, and load).

Uncertainties are much greater than in the pagt. Today, they indude load shape and levels generator locations (new
condruction and retirements), market operations market pricesfor energy and ancillary services transmisson pricing
(induding locationd pricing for lossesand congegtion), patternsand levels of commercid transactions weether, fud
price voletility, and new generation and tranamisson technologies

For example, condder the risks associated with cog recovery for anew tranamisson line needed to connect anew gen-
erator to the grid. Thisrisk could be diminated by requiring the generation owner to pay the capitd cogsup front
rather than through rates over a 20-year cog-recovery period.

2q)ch pricing schemes should encompass access charges aswd | as chargesfor congegtion and losses
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posed?What are the expected cogsto the tranamisson sysem of these nontrangmisson dternatives
(which may not reflect the totd cogts of these generators and/or demand-management programs)?
Basad on the differencesin characterisics and the differencesin cogs and benefits recommend
gther trangmisson or nontranamission solutionsto the problemsidentified in Sep 4. Where no
wlutions are offered, indicate why. (Presumably, the expected gatus quo should continueif the cogs
of solving aproblem excead the benefits of doing 90.)

Sep 7. Baxd on the foregoing anayses recommend trangmisson pricing, generation-location decisons
demand-management programs, and congruction of new trangmisson facilities If market partici-
pantsdo not propose the olutions andyzed in Seps5 and 6, recommend those trangmisson facili-
ties (from Sep 6) that should be built under traditiond regulation. Summarize the benefitsand cogs
of these proposed projects both Sngly and in aggregate. Can the projects ultimately be goproved
and built in atimey fashion?Can they be financed?Will these projects be undertaken by market
participants acting in their own intereg, or mug the RTO require their condruction and ensure that
cusomersa large pay for them?

Table 2, basad on this 7-gep process identifieskey ingredients of a succesful transmission planning process
and plan.

Table 2. Checklig of important characteristics of atransmisson plan

a

Public involvement throughout planning process

Q

Broad range of dternatives conddered, induding suitably located generation and demand-manage-
ment programs, new tranamisson technologies, and various trangmisson-pricing methods

Effects of trangmisson on generator market power
Effects of tranamisson on compliance with rdiability andards both planning and operating
Effects of trangmisson on congegtion cogs

Comprehengve risk assessment of trangmisson plan(9

a o a a a

Proactive, rather than reective, tranamisdon plan (condderation of needsfor increasad throughput
and locationa guidance for new resources, not jug reponsesto generator-interconnection requess)

Q

Devdopment of apracticd and robug, rather than atheoreticadly optimized, transmisson plan
a Support for projects built through competitive-market mechanians

a Timdy completion of the plan
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Key Transmission Planning Issues

Planning Criteria: Reliability and Commerce

Traditiondly, verticdly integrated utilities planned ther tranamisson sysemsto: (1) meet North American
Electric Rdiability Council (NERC) and regiond-rdiability-coundil rdiability requirementsand (2) ensure
that the outputs from the utility’s generation could be trangported to the utility's cusomers (Utilities some-
times built trangmisson linesfor economic reasons, for example, to provide accessto chegper power in a
neighboring sysem or to export surplus power.) Today, tranamisson sysemsare caled on to do much more.
They mug serve dynamic and rapidly expanding marketsin which the flows of power into, out of, and
through a particular region vary subgantialy over time. Asa consequence, trangmisson planners may ned
to look beyond the NERC Planning Sandardsin assessng dternative tranamisson projects and a <o consd-
er enabling competition to occur over large geographic regions (NERC 1997). A market-focused gpproach
might seek to reduce the number of timestranamisson-service requests are denied and generation mug be
redigoatched to avoid congegtion. Where congegtion (locationd) pricing isused, thisgod ismet by reducing
congestion cods (discussed bdow). Congegtion pricing might reduce the diginction between rdiability and
commerce by explicitly pricing rdiability.

Many indugry experts bdieve that the diginction between rdiability and commerce in transmisson plan-
ning isincreasangly irrdevant. Rdiability problems(e.g., aline that would become overloaded during a con-
tingency) are dso commercid problemsthat affect different market participants differently (eg., flowsare
reduced on thelinein quegion, which meansthat the output from chegp generators mus be reduced and
the output from expensve generators mugt be increased). Conversdy, certain commercialy desrable flows
may be regricted because of rdiability problemsthat would otherwise occur. Equaly important, these people
bdieve that tranamisson srvesavitad enabling function, permitting the purchase and sde of energy and
capacity acrosslarge regions and, in the process, reducing problems associated with generator market power.

Some expertsbdieve that the diginction between rdiability and commerceisimportant. Not dl rdiability
problems have commercid implications they noted. Some locd problems (eg., low voltages dose to load
centers) arerdated moreto rdiability than to commerce The solution to such rdiability problems might be
the addition of cagpacitorsto serve loca loads regardless of whether the generation sourceisnear or far. The
diginction may be important in determining who paysfor the project, with rdiability projects paid for by
al grid usrsbut commercid projects paid for only by those tranamisson cusomerswho benefit from the
project. Of course, deciding who does and does not benefit from a project can be difficult and contentious
The Pengylvania-New Jrrssy-Maryland Interconnection (PIV) (20018) basdine plan focuses on rdiability:
“Trangmission condraintson market digpatch are economic congraints Economic congraintsare not con-
ddered violations of rdiability criteriaaslong asthe sysem can be adjused to remain within rdiability lim-
itson a pre-contingency bads”

Economies of Scale

It isgenerdly chesper per megawatt of capacity to build larger tranamisson lines (Table 3). For example, the
cog per MW-mile of a500-kV trangmisson lineisabout hdf that of a230-kV line Higher-voltage lines
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a9 require lessland per MW-mile than do lower-voltage lines (right Sde of Table 3). A 500-kV line
requireslessthan haf the land per MW-mile of a230-kV line

Both of these factors argue for overbuilding linesrather than trying to Sze linesto exactly match current and
short-term forecast needs (Overbuilding incdudesthe use of larger conductors congruction of larger towers
tha can carry more than one st of circuits and the use of higher-voltage lines) Overbuilding aline now
will (1) reduce long-term cogs by avoiding the much higher cogs of building two smdler linesand (2)
reduce the ddays and oppostion asociated with tranamisson-line sting by diminating these cogsfor the
now unneeded second line,

Table 3. Typical coss, thermal capacities, and corridor widths of transmisson lines

Capita cogt? Capacity Cos
Voltage (kV) (thousand $/mile) (MW) (million $/GW-mile)  Width® (feet)
230 480 350 1.37 100
345 900 900 1.00 125
500 1200 2000 0.60 175
765 1800 4000 0.45 200

T hese egimates are from Sgppa (1999) and include the cogts of land, towers poles and conductors We increesed
these egimates by 20% to account for the cogs of subgationsand rdated equipment.
T hexe esimates are from Pagternack (2001).

On the other hand, the lumpiness of tranamision invesments (e.g., one can build a 345-kV line or a500-
kV line but not a410-kV line) can complicate decisonson what to build and when. Also, alarge tranamis
gon line may impose more of ardiability burden on the sysem than do severd amdler lines Indead, if a
new, large line becomesthe largest Sngle contingency, contingency-reserve requirements might increesein
the region. And, oppostion might be greater to a500-kV line than to a345-kV line because the former line
hastdler towersand requires more land.

Congestion Costs

Decisonson whether to build new tranamision are complicated by uncertainties over the future cogts of con-
gettion. (To some extent, the prices of firm tranamisson rights show how the market vaues certain tranamis
son paths) These uncertaintiesrdaeto load growth, the price reponsveness of load, fud cogsand therefore
dectricity prices additionsand retirements of generating cgpacity and the locations of those generators the
exerdse of market power by some generators and tranamision pricing. The SO New England (2001) andyss
summarized in Fgure 3, showsthis complexity very wel. Anayss conducted for the New York 1SO showed
that the large number of proposed generating projectsin or near New York City and Long Idand “would
reducethelevd of congesion observed on the...bulk power sysem, with the bigges congestion decresses
occurring in New York City and on Long Idand” (Sanford, Banunarayanan, and Wirgeu, 2001).
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We developed a Smple hypothetical example to explore thee issues and their complexities and interac-
tions Thisexample involvestwo regions, A and B, separated by 200 miles. Region A contains 31 GW

of generating capacity and no load. Region B contains 32 GW of generating capacity and 50 GW of load.
Both regions contain awide range of generating capacity, with running cods (or bids) that vary from zero
to dmog $160/MWh. The load in Region B ranges from 20 to 50 GW, with aload factor of 63%.

We cdculated the cog of congegtion asthe difference between (1) the cog of generation (indluding genera
torsin both regions) to srvetheload in Region B when tranamisson capacity between the two regionsis
limited, and (2) the cog of generation when transmisson capacity between the two regionsisinfinite The
generation codsin both casesare caculaed for every hour of the year.

Foure 7 showsthe cog of congegion asafunction of the tranamisson capacity connecting the two regions
With 21 GW of tranamisdon cgpacity (the basdine in this example), dectricity consumersin Region B pay
$87 million ayear because of congegtion. Asthe amount of trangmisson capacity increases, the cogt of con-
gegtion dedines because the number of hourstha congesion occurs and the price differences between A and
B decline. However, asshown in Fgure 7, thisdeclineis highly nonlinear, with each increment of tranamis
son capacity providing less and less economic benefit. Expanding tranamission capacity from 20 to 21 GW
lowersthe cog of congegtion $99 million/year, expanding capacity from 21 to 22 GW saves $44 miillion,
and expanding capacity from 22 to 23 GW cuts cogs by only $29 million.

Figure7 Theannual cot of aongedion asa fundion o transmisson capability  Therdationship between the
betwemn hypathetical regionsA and B. bendfits of adding trangmission
capacity between A and B to
reduce congegtion cogsand the
cogsof doing 0 are highly
nonlinear because of (1) non-
linearitiesin congegion cods
(2) economiesof scdein trans
misson invesments and (3)
the lumpiness of trangmisson
invesments For thisexample,
if the god isto increase capaci-
ty by 0.5 GW, it makes snse
to build ether two 230-kV
: , , : linesor one 345-KV ling, but
20 21 22 23 24 25 not a500-kV line On the
CAPABILITY OF CONGESTED INTERFACE (GW) other hand, it ismos cost
effective to use 500-kV lines
when expanding capacity by 1 GW or more. Indeed, the benefit/cog ratio for 230-kV linesincreasesin
going from an addition of 0.5 to 1.0 GW, but then declines as more capacity isadded. On the other hand,
the bendfit/cod ratio ismorethan 2 for the addition of a500-kV lineto expand capacity by 1.5 or 2.0 GW.
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Wha happensto these cogs and bendfitsif additiona generating capacity isbuilt in Region B, doseto the
load center? Adding 0.5 GW of capacity with arunning cog of $30/MWh reduces congesion cods by
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$19 million/year. Adding 2 GW of such cgpacity reduces congegtion cogts by $59 million/year. If the new
generating capacity added to Region B had arunning cogt of $57/MWh, its congesion-reduction benefits
would be only $14 and $35 million/year for 0.5- and 2-GW additions respectively. These benefits are about
two-thirds of those that would occur with new capacity a $30/MWh. Clearly, building new generaion in
Region B would undermine the economics of adding tranamisson capacity between regions A and B.

The congegion-reduction benefits of each additiond MW of generating capacity are lessthan the bendfits of
earlier additions Thiseffect isegecidly pronounced asthe bid prices of the new unitsincrease. For the
more expendve of the two unitsthereisno benefit from adding more than 1.5 GW of generating capacity
in Region B because other generators are less expensve. Once again, the results are highly nonlinear.

If loads grow at 2% ayear, the annud cog of congesion (assuming no additionsto ether generating or
tranamisson cagpacity) increases from $87 million in theinitid year to $125, $162, and $250 million in the
seoond, third, and fourth years Such increasesin load make tranamisson invesments subgantialy more
cog-effective. If loadsrespond to prices quch that loads are higher at low prices and lower a high prices
congegion cogswould be reduced. In thisexample, asthe price dadicity of demand increasesfrom O to
0.02, 0.04, and 0.08, congestion cogs are reduced from $87 million to $48, $25, and $7 million ayear. For
therangesin load growth and price dagticity consdered here, congestion cogsvary from $7 to $250 million
ayear when the amount of trangmisson cgpacity between the two regionsis21 GW. Making decisonson
how much money to inves in equipment with lifetimes of severd decadesisdifficult in the face of such
uncertainties about future load growth; cusomer reponse to dynamic pricing; and the amounts locations,
and running cogs of new generating units

The discusson o far hasfocusad on the bendfits of reducing congegtion. But not dl market participants
benefit when additiona tranamisson isbuilt to rdieve congedion. In particular, loads on the low-cog 9de
of the condraint and generators on the high-cog sde of the congraint lose money when congegtion is
reduced. For example, agenerator in Region B with abid price of $42/MWh would earn $6.9/kW-year
when the tranamisson capacity between regions A and B is20 GW. Expanding transmisson capacity to 21
or 22 GW would reduce tha generaor’s earningsto $4.6 and $3.7/kW-year, reductions of 33% and 46%,
repectivey. Quch large progpective losseswould likely engender subgtantia oppostion to efortsto reduce
congedtion. (If Region A had loadsthat enjoyed the benefits of Region Aslow-cos generation, those loads
would dso oppose effortsto reduce congegion.)

Findly, invesors congdering additiond generation in Region B may worry that future congruction of anew
trangmisson line between A and B would undercut the value of their new generaion.
Generation and Load Alternatives

The Department of Energy Task Force on Electric Sysem Rdiability (1998) recommended that RTOs
“enaure tha cugomers have accessto dternativesto transmisson invesment including digributed genera
tion and demand-sde management to addressrdiability concernsand that the marketplace and the [RTO'Y
gandards and processess enable rationd choices between these dternatives”
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Trangmisson planners can encourage nontrangmisson dternativesin two ways The dmples method isto
provide trangmisson cugomerswith information on current and likely future congegtion costs Such infor-
mation—ocoupled with locationd pricing for congegtion and lossss—on the cogs and bendfits of locating
loads and generation in different places could motivete deveopers of new generaion to pick locations where
energy cogsare high, thereby reducing congegtion cogs Smilarly, such information could motivate load-
serving entitiesto offer load-reduction programsto their cusomersin those areas where energy prices are
high because of congegtion. For example, the Nationd Grid USA (2000) trangmisson plan induded amap
of New England (Figure 4) showing areas where new generation would worsen congestion and areas where
new generation would reduce congegion. An dternative approach to the provison of information only isto
pay for nontrangmisson dternatives. With this gpproach, the RTO would firg prepare atransmisson plan.
This plan would likely include one or more mgjor tranamisson projects (new lines and/or subgations).

Next, the RTO would issue areques for proposdsfor dternatives and then review the proposasto seeif
they were less expendve than the origind transmisson project and provided the same or better rdiability and
commercid bendfitsthat the transmisson project would. Ultimately, the least-cog solution to the identified
transmisson problem would be acquired by the RTO and recovered through trangmisson rates

Appropriady comparing transmision to load or generation, however, is difficult because they differ in con-
druction leadtimes project lifetimes availability, capitd and operating cogs market type, and technica
goplicability:

e Lifeimes—Trangmisson invetmentsare long-lived (30 to 50 years). Generatorstypicaly have
shorter lifetimes and load-management projects may have much shorter lifeimes (eg,, if a
building isextensvely renodded, the load-management sysemsmay be removed and replaced
with dternaive sygemsfor lighting, hegting, cooling, and ventilation). The longer lifetimes of
trangmisson projects enhance confidence in their ability to provide the needed service for many
years however they reduce flexibility to respond to changed circumaancesin the future

e Avalability—Transmisson equipment typicaly hasvery high availability factors much
higher than those for dther generation or load.

e Capitd and operating cogs—Although the capitd cogs of tranamisson can be high, oper-
aing codsare very low. The operating cogsfor generators are high and depend srongly on
uncertain future fud prices The tradeoff here is between high sunk cods (oncethe trans
misson project iscompleted) agang uncertain operating cogsfor generation and load

management.

e Typeof maket—Thereturnson tranamission invetmentsare regulated, today primerily a the
dgaelevd and in the future primarily by FERC. T he profitability of generation invesments on
the other hand, isdetermined largdy by competitive markets Comparing cogs (eg., economic
lifetimesand rates of return) between regulated and competitive marketsisdifficult.

»  Technicd applicability—Nonwires resources cannot dways solve the problems a which the
tranamission invesment isamed (e.g., trandent gability or the need to replace aging or
obsolete trangmisson equipment). Also, connection of the resource to the grid may impose
new cogson the sygem (eg., if sysem-protection schemes mug be upgraded).
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The difference in lifetimes between the tranamisson project and itsdternativesraisesthe issue of whether
the dternatives should be assessad againg the cogt of deferring the trangmisson project for severd yearsor
againg the full cog of diglacing (diminating the need for) the trangmisson project. If the trangmisson
project will likely be needed in any case, dthough e alater date, the deferrd approach makes sense.

Although the concept of encouraging competition between transmisson invesments and generation and
load dternaivesis appeding, implementation can be difficult. The Tri-Valey project, proposed by Pecific
Gas& EHlectricin northern Cdifornia, illugratesthese difficulties The project involvesthe congruction of
new 230-kV trangmission lines congruction of new 230/21-kV subgations and upgrading of asubgation
to 230-kV srvice The Cdifornial SO isued areques for “cod effective and rdiable dternatives... from
generation and/or load dternativesto the proposed PG& E tranamisson project” (Winter and FHuckiger,
2000). Alternatives were required to be available between the hoursof 8 am and 1 am for up to 500 hours
between April 1 and October 31 each year from 2001 through 2005. The |SO sought cal options on about
175 MW. Theregues wasissued in January 2000 with repponsesduein late March. The 1SO received four
proposds, dl of which it subsequently regected.

ThelSO rgected dl four bids because they failed one or more of the evduation criteria, which involved sat-
idaction of the |O'srdiability criteria, commencement date, operating characteridics ability to provide the
proposed services, cod, safety, impacts on markets (in particular, effectson generaor market power), and
environmentd implications The key reason the bids were rgected isthey were subgantialy more expensve
than the tranamisson project. Also, the trangmisson project was expected to provide more capacity to the
gydem than the generation and load-management projects

A year laer, when faced with asmilar stuation, the |SO decided againg isauing a competitive solicitation.
In thiscase, the IO approved congruction of the San Diego Gas & Electric Valey-Rainbow tranamisson
project (Detmers, Perez, and Greenleaf 2001). In part because of the dectricity crisgs Cdiforniafaced, the
IO decided that this project should be consdered part of a“broad grategy by the date of Cdiforniato put
into place arobug transmision sysem to support rdiable service to consumers” The benefits of this 500-
kV tranamisson project would not be redized by generation or load-management dternatives The proposed
tranamisson line would permit generation from other parts of Cdifornia, Arizona, and New Mexico to be
moved to the San Diego area. The project would aso permit new generators being located near San Diego to
reech digant markets Findly, the project would provide loca rdiability bendfitsthat otherwise would have
to be purchased through rdiability-mug-run contracts These rdiability benefitswould occur because the
tranamisson project “integrates San Diego with theres of the Western Interconnection, providing sgnifi-
cant accessto awide variety of resourcesrather than being limited to the loca area resources and the com-
mon concernsthat they share, such as adequacy of gas supply.”

The limited anayss conducted to date ssemsto argue againg widespread use of suitably located generation
and load management as dternativesto some new trangmisson projects However, these analyses were con-
ducted primarily by transmisson engineerswho are more comfortable with tranamisson and underg¢and
tranamisson better than they do itsdternaives Also, the continued oppostion to congruction of new
trangmisson fadlitiesrequiresthe dectricity indudry to look long and hard & possbly viable dternatives
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New Technologies

SQuperconductivity, power dectronics information sysems and other new technologies could revolutionize
tranamision and make it easer to expand the sysem through merchant, rather than regulated, projects
According to Howe (2001), “Recent advancesin materids stience offer the progpect of another indudry par-
adigm: one based on robug fadilitiesbased competition in network services, without the environmenta and
land-use impacts of traditiond ‘big iron’ solutions” Some of these advancesincude

e Superconducting Magnetic Energy Siorage—High-spead magnetic-energy-gorage devices
tha are drategicdly located in atransmission grid to damp out digurbances These sysems
include a cryogenicdly cooled sorage magnet, advanced line-monitoring equipment to
detect voltage deviations and invertersthat can regpidly (within a second) inject the appro-
priate combination of red and reactive power to counteract voltage problems By correcting
for potentid gability problems these sysems permit the operation of trangmission linesat
cgpacitiesmuch doser to ther therma limitsthan would otherwise be possble.

e High-Temperature Superconducting cable—Can carry five times as much power as copper
wireswith the same dimendons Although initidly applicable to underground digribution
sydemsin dense urban aress eventudly thistechnology may be used for medium- and
high-voltage underground trangmisson lines The use of these cableswould gresatly reduce
theland required for transmisson linesin urban aress and lessen aesthetic impacts and pub-
lic oppostion.

* Hexible AC Trangamisson Sygem (FACTS) devices—A variety of power-dectronic devices
used to improve control and gability of the trangmission grid. These sygems repond
quickly and precisdly. They can control the flow of redl and reective power directly or they
can inject or absorb real and reective power into the grid. These characterigics provide both
deady-gate and dynamic benefits Direct power-flow control makes the devices ussful for
diminating loop flows The very fag regponse makesthe devices ussful for improving sys
tem gability. Both characterigics permit the sysem to be operated closer to itstherma lim-
its FACT Sdevicesindude gatic var compensaors which provide a dynamic source of
reactive power; thyrigor-controlled series capacitors which provide variable tranamisson-
line compensation (effectivey “shortening’ the line length and reducing gability problems);
synchronous gatic compensators, which provide a dynamic source of reective power; and
universal power-flow controllers, which control both red- and reactive-power flows

* High-Voltage DC (HVDC) sysems—HVDC lines have severd advantages over AC trans
misson lines including no limitson line length, which isuseful for moving large anounts
of power over long digances reduced right-of-way because of their more compact desgn;
precise control of power flows diminating loop flows, and fagt control of red- and reective-
power to enhance sysem gability. The primary drawback of HVDC isthe high cog of the
converter gations (which convert power from AC to DC or vice varsd) a each end of the
line

e HVDC Light—Thisnew approach to HVDC usssintegrated-gate bipolar transsor-based
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vaves (indead of thyridor-based valves) in the converter gations These new vaves permit
economica congruction of lower-voltage lines which greetly increases the range of applica
bility for DC lines involves much more factory congruction indead of ongte congruction,
which lowers capita cogs and provides better control of voltages and power flows HVDC-
light lines have recently been built in Augrdiaand Denmark, and others have been pro-
posed for the United Sates

e Red-timeratingsof tranamision lines—Represent another use of advanced information
technologiesto expand the capability of exiging sysems (Sgppa, 1999). Such sysems mess
urethetenson in trangmisson lines ambient temperature and wind eed, or cable sagin
red time the results of these measurements are tedemetered to the control center, which
then adjugstheline rating according to actud temperatures and wind peeds

In goite of ther wonderful atributes and recent dedlinesin ther cogs these technologies are generdly too
expendve to warrant their widespread use today. (To date, they have been deployed in afew locations pri-
marily by utilitiesto improve the performance of their sygems) However, asthe technologies are improved
and demondrated, ther cogswill likdy continue to drop enough that they become cog effective. When
that day arrives tranamisson planning will be dmpler, primarily because market participants (rather than
regulators or sysem operators) will be able to decide whether to invest in these sysems and will be ableto
retain their benefits (because some of these technologies use devicesthat permit direct control of power
flows).

Merchant Transmission

The kinds of new technologies discussad above make it possible for unregulaed, for-profit entitiesto build
what are caled merchant tranamisson projects Under such circumsances the need for centraized tranamis
son planning is greatly reduced. T hree such merchant projects have been proposed in the United Saes

e TransEnergie US proposesto build a 330-M W, 26-mile submarine cable under Long Idand
Sound to connect Connecticut and Long Idand. FERC gpproved the project in June 2000,
after which TransEnergie hdd an open-season subscription for the D C lings capacity.

e The Neptune Regiond Trangmisson Sygem, announced in May 2001, isasat of DC proj-
ectsto link the northeagtern U.S with easern Canada. All four phasssinvolve submarine
cables Thetotd project calsfor 3600 MW of trander cgpability from Canadato theU.S
FERC approved the project in July 2001.

e TheTransAmerica Grid, proposed by Black & Vestch and Semens AG, cdlsfor condruc-
tion of large mine-mouth cod plantsin Wyoming and DC linesto connect this new gener-
aion with Chicago and Los Angdes These tranamisson lines aout 1000 miles each,
would cogt $4.5 hillion and would greetly expand the transfer capability between the east-
ern and wedern interconnections

All three of these projectsare DC. Asnoted by Liles (2001):
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“...the benefit of DC liesin the ability of the project’s operator to control the flow
of power on theline What you put in iswhat you get out, net of resdive losses
Loop flow isnot an isue. Contrad that with the exiging AC network, in which
power flows fredy throughout the sysem according to the impedances of the
lines.... Physcdly firm tranamisson capacity can be bought and sold on aDC
line For DC lines, the contract path isthe actua path over which the power
flows”

Such merchant projects are feagble only if the owner can abtain dear property rightsto the transmission
invesment. According to Rotger and Felder (2001), such property rights require the use of “bid-basad, secu-
rity-congrained locationd pricing for tranamisson services' aswel asfinancid tranamisson rights The PIM
and New York 1SOs have such sysemsin place

Rotger and Felder (2001) propose aregulatory backgop in case competitive markets do not condruct
enough trangmission to maintan rdiability. Thar vison of abackgop, however, isquite limited. It cdlsfor
the RTO to asessthe need for new tranamisson to mest rdiability requirements only, with no consderation
of economic projectsthat might reduce cogsto market participants The RTO, having identified tranamis
gon projects needed for rdiability, would then issue areques for proposasfor such projects (Figure 8).

Although attractive in concept, no merchant trangmisson projects have yet been built in the United Saes
It isds unclear whether such projects are viable only where direct control ispossble (eg., with DC lines
and other new technologies such as FACT S sysems) or whether such projects are feesble for AC sygems I
merchant projectsare limited to those where control ispossble, it isuncear whether such projectswill play
amgor rolein expanding North American tranamisson sygemsor will play more of anicherole

Projections of New Generation and Load Growth

The deintegration of thetraditiond utility, which encompassed generation, trangmisson, digribution, and
cugomer service in one entity,

Figure 8. Propossd RTO badkdap prooessto be usad when compdiitivemarketlsdo  raisestwo important informa:

na produce enaugh transmisson expangon to medt rdiability requirements tiond isuesfor trangmisson
planning. Frg, from wha
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. Enough Responses capaities and in-service dates
Have Viable Market-Base ;
: . Issue RFP that Meet RFP of new generation? Second,
Projects Been Proposed* Requirements? ) ) !
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Yes . N
y N for developing projections of
es o
Continue Needs futurelow gr()\A/th7
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Award Contract for Transmission Owner] | Higtoricdly, utilitiesreported
Least-Cost Technically  |Builds Project Under| | ther plansfor new generation
Feasible Project FERC Jurisdiction .
o to the Energy Information
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Adminigration (EIA) and NERC. Incressngly, however, new generation isbeng condructed by independ-
ent power pro-ducers Although EIA collects data from auch entities long lags can occur between thetime a
company announces a new power plant and thetimeit showsup in the EIA sysem. The Electric Power
Qpply Association d<o collectsdata on power-plant congruction plans Because the Assodiation does not
provide details on the gatus of the project, it ishard to determine the probability that aproject will get built
and produce power. The probability of unit completion increasss asthe project moves from initid
announcement to gpplications for dting and on to environmentd permits congruction, and completion.

Andogous issues concern projections of future load growth. Sysem operators (ISOsand, in the future,
RTOs9) monitor and record data on power flows down to thelevd of didribution subgations But, because
of ther focus on bulk-power flows and wholesdle dectricity markets sygem operaors are unlikdy to have
data on end-use demand by cugomer dass The competitive load-serving entities may have such information
but are unlikey to want to make such information publicly available. The dectricity indugry needsto deve-
op asydem to collect rdevant data on cusomer dectricity-usng equipment, load shapes and load levdsand
to provide thisinformation to trangmisson planners (aswel asto other entitiesregpongble for maintaining
a hedthy bulk-power sysem).

Recommendations

Asthe dectricity indugry continuesitslong and complicated trandtion to afully competitive date, the
requirementsfor tranamisson planning are changing and expanding. T his pgper outlined a proposed plan-
ning processthat RTOs might adopt in aredructured dectricity indusry. However, mog of the detailsfor
this process are not yet devedloped. Smilarly, FERC's requirement in Order 2000 that “the RTO mug have
ultimate repongbility for both tranamisson planning and expanson within itsregion” islargdy undefined.
These gapslead to severd recommendations for the U.S. Department of Energy (DOE), FERC, and RTOs
to condder:

e Providetechnicd assganceto 1SOs RTOs regiond rdiability councils, federa power agen-
cies and other organizationsto devdop and demongrate improved transmisson-planning
methods Such methodswould feature active public involvement throughout the planning
process, comprehensve condderation of nonwires solutionsto trangmisson problems,
anadyds of the bendfits and cogs of different solutionsunder awide range of possible
futures and afocuson practicd solutionsthat can be readily implemented. DOE could
work with the planning gaffs a various dectricity-indugsry organizationsto deveop
improved planning processes andyticd tools and plans DOE could then widdy dissemi-
nae the reaults of these case gudies(i.e, through publications conferences and workshops)
2 that othersin the dectricity indugry can learn from these experiences

¢ Asig FERC in the devdopment of planning sandardsthat FERC would then usein its
review and gpprova of RTO tranamisson plans Thisactivity would add detail to the
FERC Order 2000 requirement that RT Os be repongble for planning (Function 7). Based
on the case gudies described above, DOE could work with FERC g&f to define wha pub-
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licinvolvement isrequired, what data RTOs mug make available to market participantson
the current and likdly future gates of the transmisson sysem, wha FERC meansby “least
cog” in itsrequirement that RT Os be repongble for trangmisson planning and expangon,
and the extent to which planning should be proactive (i.e., guide future invesmentsin new
generation and demand-management programs), rather than only react to generator-inter-
connection requests and load growth. These sandards should focus on performance (what
isto be accomplished) and not be prescriptive, to permit flexibility within and among
RTOs

e TheRTOs acting under FERC requirements could ensure that trangmisson planning and
expangon fully comply with NERC and regiond planning gandards Such compliance
would ensure that trangmisson sysems are adequate and meet rdiability and commercid
needs

e TheRTOssould identify the trangmisson-information needs of market participants
(induding generation developers load-serving entities trangmisson owners, and others) to
guide ther invesment and operating decisons <0 they are consgent with current and likdy
future tranamisson conditionsand cogs Theinformation needs of interesed gakeholders
will vary consderably. Some participantswill only want maps showing “good” and “bad”
locations for new generation from the pergpective of the tranamision sysem, while other
participantswill want detailed load-flow gudiestha show voltages and flows throughout
the sygem, under various on- and off-peek conditions Periodicaly, such information
should be made available to market participants

*  Sudy the potentid role of merchant tranamisson. DOE, again working with RTOsand
other market participants could conduct agudy to determine the extent to which mer-
chant (nonregulated) trangmisson projects can meet future trangmisson nesds Among
other topics this gudy should examine the posshility of extending merchant trangmisson
to AC projects rather than the DC projectsthat are the focus of today's merchant tranamis
son fadlities Another criticd issue concernsthe meaning of the RTO role asa “backstop”
to market solutions Under what conditions should the RTO build (or pay for) aproject
that isneeded to solve tranamisson problemsthat market participants have not, acting on
their own, chosen to lve?Thisgudy should dso addressthe danger that merchant trans
misson will “cherry pick” the mog profitable tranamisson projects, leaving the regulated
entity (more accuratdy, tranamisson cugomersin generd) to pay for the less cog-effective
tranamisson projectsthat, neverthdess are required for rdiability or to connect cusomers
to the sygem.

Conclusions

Maintaining ahedthy tranamisson sysem isvitd for both rdiability and commerce. Because dectricity is
esentid to our modern ociety, public policy should enaure suitable expangon of the nation'stranamission
grids Unfortunately, the higoricd record showsa dear and long-term declinein U.S tranamisson adequacy
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(Hirg and Kirby 2001). Specificdly, the amounts of new tranamisson added during the pagt two decades
have condgtently lagged growth in pesk demand. To make matersworse, projectionsfor the next five and
ten years show continued declinesin adequacy, dthough some of the projected need for new trangmisson
may be met by the congruction of generating unitsdoseto load centers

To further compound the problem, transmisson planning is not kegping pace with the need for such plan-
ning. Because tranamission owners and 1S0s are receiving 0 many requess for generator interconnections
they are unable to devote the gaff resources needed to develop proactive tranamission plans That is they are
focused primarily on preparing the sysem-impact and facility gudiesrequired for these new interconnec-
tions Thus some trangmisson plansare little more than compilations of individua generator-interconnec-
tion gudies

Because tranamisson planners have inaufficient time and resources, little information isbeng provided
proectively to energy markets on the cogs and locations of congegtion. Such information could hep poten-
tid invegorsin new generation decide where to locate new units. Such information could dso help load-
srving entities decide what kinds of dynamic pricing and load-reduction programsto offer cusomersin
different locations More broadly, such information could reduce the need for centraized planning and con-
gruction of new trangmisson fadilities

Because generation and load can srve, in omeingances asviable dternativesto new tranamisson, trans
misson plansnead to explicitly consder such nontrangmisson dternaives Whether the tranamisson sysem
(i.e, tranamisson usersin generd) should pay for these generation and load projectsisuncear and hotly
conteged. At aminimum, trangmisson planners should provide information (again based on andyds of pas
and likdy future congegtion cogs) on auitable locations for new generation and load management.  Ina
dmilar fashion, dternative methods for pricing tranamission services (incuding charges for access, conges:
tion, and loses) would affect trangmission uses These changesin tranamisson flowswould, in turn, affect
the need for new fadilities Thus trangmisson planning should include assessments of dternative pricing
methodsto improve efficiency in trangmisson utilization.

Trangmisson planning may be too narrowly focused on NERC and regiond rdiability-planning sandards
That is tranamisson planning may pay insufficient atention to the benefits new tranamisson invesments
might offer competitive energy markets, in particular, broader geographic scope of these markets (which
would encourage greater diversty in the fudsusad to generate dectricity) and areduction in the opportuni-
tiesfor individud generatorsto exercise market power. Although some plans consder congegtion (either con-
gegtion cogsor curtailmentsand denid of service), such condderations are more implicit than explicit. As
shown here, congegtion cods (both in red timeand in forward markets) can provide vauable information
on where and what to build.

Advanced technologies offer the hope of better information on and control of tranamisson flows and volt-
ages Such improved information and control would permit the sygem to be operated doser to itstherma
limits thereby expanding tranamission capability without increasng itsfootprint. Thus, new technologies
may reduce fights about trangmisson dting. In addition, these technologies because they permit control of
power flows over individud dements (e.g., DC lines), may makeit attractive for privaeinvesorsto build
individud facilities (merchant tranamisson). Unfortunatdy, these advanced technologies are ill too expen-
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dve for widepread goplication, dthough some are economic in niche gpplications

The separation of generation from tranamisson and of retail service from tranamisson poses difficult infor-
mation problemsfor trangmisson planning. Secificdly, tranamisson planners need detaled information on
the timing, magnitudes, and locations of new generating units the developers of these facilities are unwilling
to share competitive information until required to do 0 (eg., for environmentd permitsand for tranamis
gon-interconnection sudies). Planners o nead detailed information on the locations and magnitudes of
futureloads In aretal-competition world, it isnot cear what entitieswill have the information necessary to
produce reliable projections of retail load and whether those entitieswill be willing to share these projections
with trangmisson planners

Findly, the economies of scale in trangmisson invesment argue for overbuilding, rather than underbuilding,
tranamisson. It issubgantidly chegper per GW-mileto congruct ahigher-voltage line than alower-voltage
line. The higher-voltage line a0 requireslessland per GW-mile, which should reduce oppostion from loca
landowners and resdents Also, building alarger line now diminatesthe need to build another linein sver-
d years Thisgtuation can diminate the need for another potentidly bruisng and expensve fight over the
need for and location of another tranamisson line. Also, the availability of suitable land on which to build
trangmisson lines can only go down in the future, as population grows and the economy expands On the
other hand, overbuilding can increase financid risksfor the tranamisson owners
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Introduction

In order to condruct new tranamission fadilities or to sgnificantly upgrade exiging facilitiesin the U.S dec-
tricity sysem, deveoperstypicaly need gpprova from severd date and federa agencies Thisprocesshas in
recent years become protracted and difficult. The difficulty ishardly surprisng given that tranamisson facil-
itiesare highly vighle gructuresthat may span long digances and mus somehow fit into physca surround-
ingstha are dready in use for other purposes Incorporating these fecilitiesinto the landscgpe and taking
fair account of the wide range of legitimate interests affected by them is chalenging.

Neverthdess many observersand participantsin the dectricity sector now regard trangmisson dting and
permitting procedures as amgjor reason why the development of new tranamisson facilitiesisnot kegping
up with the nead. Critics say that the dting and permitting process has become unnecessarily cumbersome,
dday prone, and subject to breskdown. Some obsrvers argue tha current sate-based regime for managing
dting and permitting isnot wel adapted to the review of proposad large-scde multigate tranamisson proj-
ectsthat are or may soon be needed to serve regiond bulk power markets, perhgpswith little benefit to loca
dectricity consumers Other officids familiar with sate processes agree that regulatory processes can and
should be improved, while noting that there isdso potentid to improve the Sting and planning practices of
trangmisson ownersor other gpplicantsfor proposed new fedilities

Given thevitd importance of the tranamisson network, it isessentid to the nationd interes that tranamis
son dting and permitting procedures work for society in practicd terms Tha is these procedures mugt leed
to timey decisons by appropriate agencies about whether proposed facilitieswould serve the public intered,
and to timedy gpprovd of routes or Stesfor facilitiesthat are deemed necessary. This pgper examines current
dting and permitting practices and ways to improve them. Specificdly, the paper:

e Examinesexiging government and indugry practicesrdated to sting and permitting,
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Identifieskey or frequent problemswith these practices
Identifies policy optionsthat should be consdered to resolve these problems and

Discusses objectivey some of the advantages and disadvantages of the options o they can
be conddered by federd and gate policy makers, corporate officids and the public.

The policy options discussed fdl into three categories

Creating new regiond ingditutionsto facilitate tranamisson gting and permitting, ether for
al new trangmission facilities or for large or criticaly important facilities

Improving the current sate-based governance regime;

Making sting-rdated practices by indugry and government agencies more effective, regard-
less of governance gructure.

The remainder of thispaper isdivided into Sx sctions

An asessment of the exiging Sate-basad Sting regime.

A discusson of trangmisson dting from aregiond pergective, the reasoning tha hasled to
increesed interest in establishing regiond ingitutionsfor sting new transmisson fecilities,
and the optionsfor desgning these inditutions

Isuesrdated to defining “regiond transmission fadilities” Some such definition would be
ussful for determining which new facilities would be subject to the jurisdiction of regiona
sting inditutions

Optionsfor improving the exiging g¢ate-based dting regime.

Optionstha could be pursued under any governance gructure to improve sting-related
practices by government agencies and indugry.

Ummary and condusons

Assessment of Current Siting Regime

The North American dectricity grid isamonumentd feat of imagination, planning, and engineering. The
grid links generatorsto dities cities are linked together and with rurd arees and many dectricity suppliers
are made accessble to usars. Networking delivers avery high gandard of rdiability at reasonable cog, and
the U.S. economy depends heavily upon thishigh leve of rdiability. Some government authority approved
condruction of mog of the power linesthat make up the grid.

dting tranamisson linesis undergandably difficult, involving complex engineering, sodid, and land use con-
dderations Asaggregate dectricity usagein an areagrows rdiability tendsto degrade unlessthe tranamis
son network isgrengthened. There are often many waysto meet aneed for grid enhancement, and
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choosng a good solution islikely to involve tradeoffs among many factors including cog. Arriving a good
solutions often requireslong lead times and the devdlopment and implementation of aflexible long-term
plan for optimizing the trangmisson grid and reated fadilities

Utilities whether publidy or privatdy owned, involve amixture of public and privete interegs One of their
rolesisto bring forward proposadsto meet trangmisson grid needs and implement these proposasif they are
goproved by government agencies Consumersrey on government agenciesto sdect the tranamisson pro-
posastha are mog likdy to have vdue wdl in excess of their cog over the working life of the invesment.
Because the futureisuncertain and reiance on forecagsis unavoidable, the selection processwill not dways
reault in the bes decisons However, the god isthat the sysem used for Sting dectric tranamisson lines
will produce timely, high-qudity decisonsin mog cases

gting dectric tranamission linesis currently agate repongbility.t Each gate may addresstrangmisson dting
in itslaws and mog have done s0. In afew gaes utilitiesare required only to give notice of intent to build
atrangmisson line after a gecified period, if no chalenges are raised, the utility may proceed with acquis-
tion of right of way (if needed) and congruction. In mog sates however, the utility mus demondrateto a
gting authority that the proposad facility is needed, and the Sting authority must confirm that congruction
of the facility will serve the public intered.

Mog power linesare proposed in datestha have forma gting authorities Some tranamisson proposds are
withdrawn after supporting evidence is assessed during the Sting process A few proposds makeit dl the
way to adecisgon by the dting authority and are then rgjected. Rejections represent failures of anayssand
communication somewhere in the planning and dting processss, and they are codly to dl parties including
the public. The objective of the subsections bdow isto examine the exiging sting process and anayze some
of itssucceses and falures

Description of the Transmission Siting Process

A utility typicaly filesa gting proposa when it fedsthat there isjudifiable need for additiona tranamisson
capacity and that the proposad olution isrobud. In mog gates the proposa goesto a Sting authority,
mog often the regulatory utility commisson. A dgnificant number of dates have a ssparate Sting authority
that may indude officidsfrom other affected date agencies

Usudly, the processisa“contested case” which meansthat the decison will be based on evidence presented
by the gpplicant and other parties Parties (“intervenors’) may intervenein the case ether by right (eg., the
gate public advocate) or by permission if they demongrate to the sting authority that adiginct interest isa
dakethat isnot otherwise aufficiently represented. The utility decides when the process gartsand controls
mog of the rdevant information. Sometimes intervenorsfill ggpsin the information provided by the utility.

In :ome dates agecific anount of timeisdlotted for reviewing atransmisson gting proposd. Thetimelimit
may be reached or even exceaded in complex casesor casesthat involve much procedurd maneuvering; this
may trigger argection of the proposd by the sting authority on procedurd grounds Other dates have no e

With the exception of the federal power marketing adminigrations and the Tennessee Vdley Authority, which have
ther own gting authorities
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dfictimelimit. Sill other daes in order to reduce utility incentivesto hold back details about a proposd,
dlow atimelimit to be activaeted only after afinding by the dting authority tha the gpplication is complete

In some gates the process focuses on the proposd under condderation rather than on how begt to addressa
grid need. In these cases argection may not be accompanied by guidance about how to address better the
need that the origind proposd wasintended to meet. The progpective lack of such guidance and the desre
to avoid rgection may motivate some partiesto work during the case to improve the project after filing,
based on evidence and arguments during discovery and hearings?

Electricity consumers pay for tranamisson facilitiesthrough their dectricity bills® Consumers depend on
regulatorsto alow the incorporation into dectricity rates only the cogsrdated to tranamisson facilities
required to srve their aredslong-term needs Tranamisson cods represent gpproximatey 10% of the
naion'stota dectric bill.*

An environmenta assessment is often required for atrangmisson proposd. Environmenta issues of interest
include:

e Concern about opening new areasto deve opment—for example, roads may be needed for
accessto mantan lines and devd opment may follow roads

e Potentid diguption of habitat by reducing the 9ze of continuous undeveloped spaces
e Potentid impacts on endangered species and
* Vighleimpactstha may create aeshetic concerns egpedidly in scenic aress

In mog dates the utility mug gpply for and obtain a“certificate of public need” (the name of this docu-
ment variesfrom gateto gate) for atranamisson facility. This certificate is extremdy important; it indicates
that the desgnated government authorities have reviewed the proposed project, evauated the tradeoffs
involved, and concluded that, overdl, the project isin the public interes even though some legitimate pri-
vate or public interexs may be adversdy affected.

Theformd criteriafor determining “need”® vary. Some commonly used criteriaare

*  Someoneiswilling to inveg in the project (in other words, the project is perceived to have
dgnificant marketable value).

e Theproject isneeded to maintain the rdiability of the bulk power supply system.®

2An iterative process hasits merits but exposssintervenorsto therisk of having to evauate an essentidly new proposa
in the midg of the process The siting authority mugt “manage the clock” to ensure that everyoneistreated farly.
3Merchant trangmisson cogsfind their way into retail pricesthough by a different path than regulated transmisson
retes

“DOE. 2002. National Trasmison Grid Sudy. U.S Department of Energy.

SThereisno practice or mechaniam for determining regiond or intergae need. The Electric Reiability Coundil of
Texas (ERCOT) performsthisfunction in away that some expect will become typicd for Regiond Tranamisson
Organizations (RTO9—providing unbiased and competent information to darify and focusthe work of individua
utilitieson addressing validated needs

E-4 National Transmision Grid Sudy



e Theproject isneeded for regiond dectricity commerce”
e Theproject isneeded to interconnect an approved generator to the grid.®

In many gates decison makers mugt consder dternaivesto the primary proposd. Some gates have gecific
ingructions concerning dternaivestha the utility mug present. Sting authoritiesare typicaly interesed in
route and non-trangmisson dternatives when these are rdevant.®

Subgtitutability of Transmisson and Nontransmisson Resources
There are many substitutable ways to meet customer needs for delivery of energy. Here are two examples:

l. Consider a community that has experienced significant customer demand growth and has been
relying on generation located outside the area but delivered to customers by wires that are
beginning to reach capacity limits. In this case, the capacity of the lines could be increased, or
generation could be added within the community to reduce the need for imports. Alternatively,
customers could reduce their demand on the grid, either by using energy more efficiently or by
making their own electricity. Deploying several approaches may avoid overreliance on any one.
Examples of these alternative approaches are being deployed now in New York City for the
explicit purpose of improving electricity system reliability.

2. Consider a market in which a transmission constraint leads to energy clearing prices that differ
by two cents between the two sides of the bottleneck in many hours. Possible solutions include
adding transfer capacity to allow the low-cost resources on one side of the constraint to flow
freely to the other side. Or it might be possible to add lower-cost resources in the region
where energy prices are higher. A third alternative would be to reduce demand in the region
where power is more expensive if a reduction would mean avoiding use of the most expensive
generation resources. An example of adding resources in the region where power is more
expensive appears to be unfolding in Pennsylvania where differences between eastern and west-
ern prices are moderating because natural-gas-fired generation has been added in the east.

In both examples, structural improvements, such as more functional markets and better pricing regimes,
are contributing to the resolution of problems that might once have been solved by transmission facili-
ties alone. These alternatives should be considered during an investment planning cycle prior to and
again during permitting so that the public can see and appreciate the decision-making process.

sDemondrating this particular need requires competence in ether determinigtic or probabiligic transmisson planning
models as explained briefly in Section 6. Udng just one approach leaves the gpplicant vulnerable to chalenge.

For some gates serving regiond commerceisavitd purpose of the grid. For others it issecondary to maintaining
reigbility.

80One commenter at the public workshops organized for the Nationa Trangmisson Grid Sudy (NTGS) by the U.S
Department of Energy suggested tha inadequate atention isbeng given to tranamisson needs asociated with bring-
ing some new generation on line If thisistrue aneed buildup may be accumulating that could result in belated judifi-
cation for new power linesin some aress

‘Texas requires ubmitta of dternative route options aswell as anadyss of the ussfulness of demand-side management
and didributed generation in lieu of new lines

Trangmision Stingand Pemitting E-5



The cod to prepare atranamisson proposd and support it through the Sting processis dgnificant and can
vary depending on the complexity of the project and degree of public concern.® Regulated companies expect
that federd and gate upervisad rateswill recover the cog of the project plus areasonable return. Merchant
tranamision companiesrey on abudnessplan that forecagts aufficient revenuesfrom the sdle of trangmis
don servicesto cover ther cogsand provide an acceptable return on invested capitd. Their chargesare do
eventudly reflected in retail dectric prices

A crudd and volatilefactor in thetrangmisson sting processisthe public trug. It isextremdy important that
the managers of the process and other mgor partiesact in gecific casss 0 asto gain and kegp the public's confi-
dencetha the sting processwill generdly lead to sound outcomesthat servethe many publicinteredsat isue

Due Process in Transmission Siting

Due processisan important dement in the American judicid sygem, including the tranamisson dting
process By means of due processrules the regulatory agency that managesthe process bdancesthe interess
of many parties incuding potentia intervenors who need a sufficient opportunity to review and critique the
particulars of aproposed transmission project, the utility that ischarged with providing reliable service a
jug and reasonablerates and consumers

Thefira dement of due processisnotice. Partieswho may be affected by aproject have alegd right to hear
about it sufficiently in advance to make areasoned responseif they choose When aproject affects many
communities notice mug be provided 0 that dl communities are informed.*

A completefiling isaso anecessry dement of due process Potentid intervenors need full information
about the project, presented in non-technicd terms Information provided by utilities may be incomplete.
Regardless of the higory or regulatory time limitson the case, filing of incomplete applications or withhold-
ing of rlevant information putsthe proposed project a risk, and may creste migrud, conflict, dday, and/or
result in outright rgection of the proposd.

Another key dement of due processisthe determination of which parties are dlowed to participate. The
dateisuaudly represented, and any relevant point of view not adequately represented by othersis genera-
ly dlowed. Those designated as “parties’ to the case receive dl information submitted to the sting author-
ity by any other party and have the opportunity to ask and be asked discovery questions and to put on
and cross-examine witneses Typicdly, parties pay their own cogs Low-budget participation ispossble,
but expert adviceisexpengve, which limitsthe participation of some intervenors?®

9n September 1995, the Florida Public Service Commisson (PSC) voted to alow Florida Power to recover $23 mil-
lion in cogs gpent on aproposed 500-kV line that was never built. The line was approved by the PSC in 1984 for
reliability. However, continued loca oppodtion led to protracted and cosly litigation. FHorida Power eventuadly deve-
oped an dternaive plan involving more intensve monitoring of the gaus of key tranamisson linesin the areg, inter-
ruption of serviceto alimited number of cugomersin emergency stuaionsif necessary, and reactivation of a 115-kV
linetha had earlier been retired from service. (Eledric Utility Wesk, 1995.)

“This concern is gpoofed in The Hitchhike’s Guideto the Galaxy; by Douglas Adams, in which notice to demolish the
Earth was poged a Alpha Centauri.

2Some of the mog tenacious non-government intervenors have wedthy benefactors or pro bono advocates In rare
cas, gates provide funding, usualy assessed from the gpplicant, for intervenors

E-6 National Transmision Grid Sudy



“Discovery” isthe process of insuring that al relevant facts are available to al parties before hearings
Because utilities possess most of the information relevant to tranamisson proposas, they usualy have
agreater discovery burden—that is they mus digribute to othersal relevant information. In some
cases, however, other parties present competing aternatives and thus become subject to major discov-
ery burdens.

Conflicts may result if some information essentia to undersganding the need for or the design of a project
isdeclared to be confidential to protect alegedly proprietary details A smple solution isan agreement
tha dlowsdl partiesto see theinformation but requiresthat they useit only for the purpose of the case.
Even with such an agreement, digoutes may perds snce the information may be important to enable the
public to undergand the need for the project, and thereisno practicd way to include the public in a pro-
tective agreement. In addition, there may be lingering disagreement on how proprietary the information is
in thefirg place. In many jurigdictions, applicantsface no forma pendty if they withhold information as
adrategy to divert atention or delay review of the proposd; however, an gpplicant who withholds infor-
mation riskslodng the trust and goodwill of regulators and the public.

Sting authorities usualy dlow public comment, and many are required by law to do 0. Some Sates
require that comments be solicited in person in each affected county. For along trangmisson line, many
counties could be affected. Public commentsare not usudly used as evidence because satements are not
cross-examined; however, these comments may influence the aimosphere in which the decison makers
ddiberate

Technica hearings are the forum through which the sting authority collects evidence. These hearings are
sometimes held before gaff or hearing examiners or directly before the Sting authority. Partiesto these
hearings can produce witnesses, and al parties can cross-examine al witnesss,

It isimportant that dl parties undersand in advance the sandardsfor gpprova of atranamisson propos.
These gandards should be provided by the sting authority with citations of appropriate gatutes regulations,
and precedents Sometimes an issue emergesfor which thereisno precedent, and parties may want to know
a an early gagein the case how the authority will evduate thisisue After the sting authority issuesits
findings and orders thereisusudly an opportunity to gpped. Sate courtsvary in ther ability to process
such appeds quickly.

Key Difficulties in the Current Transmission Siting Process

Why dont utility proposas for new tranamisson facilities get routingy gpproved within a“reasonable’ time
period?In fact, mog andler projectsor upgrades of exising facilities are gpproved, often in lessthan a year.
Noatice and hearing requirementstake up the bulk of thetimein such cases However, some proposds do
not go smoothly, asdiscussed in theres of this subsection.

Sonificant difficulties arise when a proposa is perceived by key partiesto be incondggent with important
public interegs These interests may include cogs aswel asimpactson dectric rates the environment, prop-
erty rights protected federd land, or other sendtive land. Often, criticd disagreements are about how certain
tradeoffs should be evduaed and resolved. Sometimes a conflict isthe result of a party's constious decison
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to be uncompromising for reasons of principle or rategy. Disputes may arise about whether certain ques:
tions have been aufficiently answered or whether partieswill have accessto certain information and on what
terms®

Magor ddaysoccur if the Sting authority findstha an gpplicant faled to examine and present relevant dter-
natives, atak that entails Sgnificant effort. If more than one gaeisinvolved, the Sates may disagree over
the proposed digribution of the societd benefits and cogs associated with theline

A biasisintroduced in the weighing of dternativesif different goprova venues processes, or compensation
methods are usd for different options. For example, if the Sting authority isnot the regulatory commisson,
the authority may not have sufficient experience in demand-dde mesauresto determine whether they may be
uperior to apower line asameans of meeting a sysem need. Introducing competition to the wholesde gen-
eration market has added another dimengon of difficulty. Invesmentsin generaion, transamission, and
demand-3de measures comein regulated and competitive formsand pass through different channdsfor
gpprovd, 0 thereisno sngle gandard for comparing them, and there may be no formd opportunity for a
dde-by-9de evduation.

Two Instructive Transmission Siting Cases
American Electric Power’s 765-kV project between West Virginia and Virginia

The painfully long, complex, controversa, and cogly review of an American Electric Power (AEP) tranamis
don project in Weg Virginiaand Virginiais often cited as a definitive example of adysunctiond tranamis
son sting process. The mgor parties are the applicant, two gates and three federd land management
agencies After ten yearsof review, thisproject isgill a least ayear from find gpproval.

AEP firg proposed the 765-kV project in 1991 to Virginia, Wes Virginia the U.S Fores Sarvice, the
Nationad Park Service, and the U.S. Army Corps of Engineers Asinitidly proposad, the project’s primary
purpose wasto maintain rdiability in southern Wegt Virginiaand southwesern Virginia, and a sscondary
purpose wasto reduce the risks of a cascading outage that could affect many datesin the eesern United
Saes The project would have involved condruction of anew line about 113 mileslong from an AEP sub-
dation in Wyoming County, Weg Virginia to an AEP subgation near Cloverdde, Virginia. Possble impacts
on populated areas made the project controversd in both gaes and both gateshdd very extensve locd
hearings In addition, the Fores Service issued adraft environmenta impact gatement in 1996 in which it
recommended that the line not be congructed as proposed because it would cross sendtive aress of the
Jefferson Nationad Fored, the Appdachian Trail, and the New River.

In October 1997, AEP proposad an dternative route to the regulatory commissonsin the two gaes This
route was about 17 mileslonger than the earlier route, and the mogt important change wasthat it would go
south from the Wyoming area of Wegt Virginia before turning eest, enabling the line to crossthe New River

BT here are many examples In Illinois atranamisson project was gpproved only after the utility produced information
requesed by the commisson gé&ff; the gaff had recommended that the project be denied because the information
offered at the outsat wasinadequate. I1linois Commerce Commision Docket 92-0121 (PR. Buxton, Persond commu-
nication).
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in aless engtive area. Severd other changes were made to put the line behind ridges and to crossriversand
important naturd areasa locationswith lesser impacts In June 1998, the West Virginia Public Service
Commission gpproved its 32-mile portion of theline.

In September 1998, however, AEP agreed to arequest from the ga&ff of the Virginia Corporation
Commisson tha the utility conduct a detailed gudy of an dternative route that would follow much the
same path as before in West Virginia but would terminatein Virginiaa an AEP subgation near Jacksons
Ferry. The Virginia Commission aso engaged a conaulting firm to prepare an independent evauation of the
route to Jacksons Ferry. After completing itsreview, AEP agreed that the Jacksons Ferry route was accepteble
dthough it would not alow as much margin for future load growth astherouteto Cloverdde.

In May 2001, the Virginia Corporation Commission approved the Jacksons Ferry route, chiefly because it
would have fewer adverse environmenta and socid impacts than the route to Cloverdde The West Virginia
Public Service Commisson mug now review theroute ending a  Jacksons Ferry, even though the West
Virginia portion of the route remains essentidly unchanged from tha which the commisson gpproved in
June 1998. In addition, the new route would cross about 11 miles of nationd fores in an areanot gudied
in the Fores Services 1996 draft environmentd impact gatement, 0 the Forest Service mugt do a supple-
mentary anadyssand decide whether to grant a permit for congruction of theline

The gting processfor this project might have been accderated if there had been:

e Greater coordination and cooperation among the five reviewing agencies (West Virginia,
Virginia, and the three federd agencies). A sgnificant source of dday in the earlier Sages
of the processwas that each sgate commision tended to favor aroute tha would reduce
adverse environmentd and socid impactswithin itsown gate without regard for the poss-
bility of adverseimpactsin the other date.

e Presntaion by AEP of awider range of dternativesa an early sagein the process

e Better communication between the Fores Service and the applicant. The Foret Service and
the gpplicant could have focused earlier on the acceptability of severd dternative routes
across nationa fores lands

* Moreemphasson the “regiond picture’ through involvement of aregiond sting ingitu-
tion. Because amgjor purpose of the lineisto reduce therisk of a cascading multigtate out-
age, thisproject hasregiona sgnificance The regulatory process however, hasinvolved
only two gates and ther proceaedings have focused primarily on intrastate concerns

The Cross Sound Connector

Another project, the Cross Sound Connector, illugratesthe problems of focusng on asngle route and o
shows some additiond difficultiestypical of interdate projects TransEnergie US Ltd proposad the project in
the summer of 2000. It would connect the Long Idand Power Authority's Shoreham subgation with a
United Illuminating subgation in New Haven, Connecticut, by means of aburied 26-mile undersea cable
The project hastwo principd purposes to improve rdiability on Long Idand and in Connecticut, and to
enable Long Idand to import generation from New England. The project obtained required approva from
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New York officidsbut wasrgected in April 2001 by the Connecticut Sting Council, lessthan ayear after it
was proposed.

Two reasonswere cited for the rgection. The primary reason wasrisk to vauable shdlfish bedsin Long
Idand Sound near the Connecticut end of the project. A ssecondary concern wasthat the dlocation of bene-
fitsfrom the project between New York and Connecticut was not equitable in comparison to the burdens
involved. In Augug 2001, TransEnergie reproposed the project with anew route that would avoid the shel-
fish bedsa some additiona cod. Because the firg proposal was rgected without prejudice, the revised pro-
posal wasfiled asanew goplication in Connecticut, and went through the full review process The
Connecticut Sting council gpproved the project on January 3, 2002. However, some critics of the project
announced ther intention to chalenge the Council’sdecison in court.

This cae highlightsthat before filing aformd proposa, an applicant should probe thoroughly for sengtive
isuesthat may beraised by itsproposa and the likdy impacts of dternative routes The case dso demon-
draesthe need for gatesinvolved in the review of intersate projectsto coordinate ther reviews and agree
on findings regarding the dlocation of cogs and benefits (These topics are discussed below in the Regiond
Pregpective section.)

Successes in Siting Transmission

Mog transmisson sting proposds eventualy recave certificates of need. With sugained effort, utilities gate
regulators public advocates, communities, and intervenorsusudly find answersto problems A successful
review processfor alarge intergae tranamisson project isdescribed beow.

A recent four-state transmission siting success story

In September 1998, New Century Energies (a company formed by the merger of Southwestern Public
Sarvice and Public Service of Colorado and subsequently merged into Xcd Energy) afirmed itsintent to
build a 300-mile, 345-kV linethat would connect a Southwesern subgation near Amarillo, Texas with a
subgeation near Lamar, Colorado, that is partidly owned by Public Service of Colorado. From Amarillo, the
line would cross the Oklahoma panhandle, continue north to Holcomb gation near Garden City, Kansss,
and then wed to Lamar. Theterminusat Lamar wasto be a210-MW high voltage D C interchange facility
that would permit asynchronous flows between the eesgern and wesern U.S grids The purposes of the proj-
ect wereto improve reiability and gabilize power flowsin the region and to fecilitate dectricity trade. To
address potentid market power concerns associated with the company merger, Texas regulators required New
Century Energiesto pursue thisproject. In July 2001, Xcd Energy obtained the consent from the last of the
four gates when the Colorado Public Utilities Commission gpproved the project.

Theinteres of Texasregulatorsin thisproject only partly explainsthe project’'s auccess Other ressonswere

the gpplicant’s proactive anticipation of and responsvenessto landowner and community concerns, and the
awareness by Kansas regulatory officids of the regiond implications of the project and the potentidly recip-
rocal repongbilities of a gae faced with a project of principa benefit to neighboring dates
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Critical Elements of Success and Conditions that May Lead to Conflict

A review of many gting proposas reveals some indicators of probable success aswel as conditions that
increese therisk of conflict.

Success indicators

* Link to ageneration project—A trangmisson project that interconnects aneeded genera
tion project to the grid islesslikdy than other types of projectsto encounter heavy oppos-
tion. The trangmisson component may be seen asincidentd to the generation project.

» Ealy planning—If interesed parties areinformed ahead of time that a power line may be
needed and will probably be proposed, the project hasa greater likelihood of success In
some cases the proposd that isultimady put before Sting authorities differs from that
which had initidly been presented to the public for review, indicating that the public review
was of vaue.

e Open planning—A planning processis consdered “open” or “trangarent” when it solicits
the views of intereted partiesregarding ways to address a ecific trangmisson need. Parties
other than utilitiesare more likely to fed that such aprocess hasrepected ther interegs it
a0 givesthe utility the opportunity to make changesto a plan before committing to it asa
formad propos.

e Regiond planning—The mgor bendfitsfrom interdate tranamisson projects are often
unevenly digributed. When out-of-gate benefits can be recognized in agaésgting
process effective presentation of these benefitsis an important indicator of success. Specid
arrangements may be needed to enaure that a project will provide net benefitsto dl affected
dates

» Demondrable need—A project gppears more compelling asitsvaue to consumersismore
evident. The need to maintain rdiability iswiddy accepted dthough demondrating tha a
spexific project isneeded to Srengthen the sysem can be difficult. The need to intercon-
nect apermitted generator to the grid isusudly obvious In some dates thereisdebae
about the “nead” for projectstha primarily facilitate dectricity trade.

»  Economic bendfits—If regiond energy trandersare dearly in the public interes, a propossd
project that enables such tranderswill likely be received postivey. In some juridictions
gpplying thisrationdeto power linesisrdaivey new and results from the increasing
importance of wholesde dectricity trade. There is debate about whether a proposed trans
misson linetha primarily facilitates dectricity trade and reduces dectricity cogsfor some
conaumersis“needed” (see Regiond Prespective section for further discusson). In some
juridictions, “need” isinterpreted narromly asreferring only to rdiability.

e Alternatives presented objectivdy—Presenting a broad range of rdevant dternativesis
important. Some daesrequire that dternatives accompany the primary sting proposd, and
intervenors and public advocates may devedlop them if the utility does not. Regardless of
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regulaory requirements an objective presentation of dternatives advancesthe credibility of
the applicant and the primary proposal.

e Open lands—If there are few objectionsto the trangmisson line route on the bads of natu-
ra resource concerns, the odds of a project’s successimprove, particularly as open land area
shrinksin many gateswith the growth of cities (Regrictions on the use of much govern-
ment land limitsits value for trangmisson sting.)

Characteristics of transmission siting proposals/processes that may lead to conflict

» Digegad for directivesin law or sting authority pronouncements—Probably the wors
thing that atrangmisson project gpplicant can do isdigegard dear ingructionsfrom the
gting authority or gatute. Although this may ssem unlikdly, it hgppens more often than
might be expected.

e Differing assumptions about land use—Sate officids may view proposed land use tradeoffs
in waysthat differ from utility expectations An open utility tranamisson planning process
can reved potentia misundergandings of thiskind before they disupt or derall amaure
propos.

» Potentid for dissgreementswith federd land managers—Difficulties sometimes arise when
the interests of one or more federd land management agencies are affected by a proposa.
Land managers may not regard accommodating trangmisson line proposas asa high priori-
ty. Different federd land managerswithin aregion may not coordinate well with the dae
Sting process or with each other, even within asngle federd department. Federd land
managers ometimes decide not to commit resourcesto participate in the planning of a
trangmisson project (or ignore the process, which hasthe same reault), choosng to partici-
pate only after the processiswel under way, compromises have been made by others and
the range of optionsunder condderation has been narrowed. Some projects affect the inter-
edsof sverd federd agencies and some partiescite inqufficient coordination among them
in reviewing such projects asa problem. (Note There are ds0 casesin which these man-
agers have cooperated wel with each other and with date sting officiads)

Business Uncertainties and the Current Siting Process

The busness agpects of the current tranamisson Sting process merit atention. The ongoing restructuring of
the U.S dectricity indugtry poses many uncertaintiesfor the tranamisson component of the indugry. Some
companies do not know whether they will remain in the transmisson busness and thosethat intend to gay
in the busness are unaure what ruleswill determine the profitability of new tranamisson invesments There
isdso uncertainty about how market participantswill gain accessto tranamisson fadilities and receive dlo-
caions of scarce trangmisson cgpacity. The outcomes of these federd legidative and regulatory debates will
creste winnersand losrs, and the debates are a consuming preoccupation for participantsat dl leves of the
dectric indugry.

Some parties beieve tha many meritorious tranamision projects never make it out of the utility board room
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and into the permitting process It isunclear whether thisis because of uncertainty about whether revenues
will cover the cog of the facility, skewed incentives reaulting from unsound trangmisson pricing, fear of the
dting process faulty project devdlopment, concern for predatory effectson profits from other utility inves-
ments (i.e, generation), other reesons auch aslocd politics or some combination of influences The cogt of
the dting process weighed againg the odds of successis undergandably important. It isequaly important,
however, to remember that, in every part of the United Sates thereisan entity obliged to ddiver dectricity
rdiably and a ajug and reasonable rate. Thisobligation doesnot account for busnessrisk though firg
principles of regulation cal for utilitiesto betreated farly by being given the opportunity to collect adequate
revenuesfor ther srvice These entitiesmug continueto try to build the facilitiesthey believe are nesded.

The Regional Perspective

Sncethe 1970s dectricity providers have increesngly used the nation'strangmisson networks for dectricity
trade aswdl asfor thetraditiona purpose of ensuring the rdiability of bulk power supplies During the pagt
decade, dectricity trade hasincreased very sharply, to the point that congegtion isnow frequent in many
locations and economicaly desrable trades mug often be foregone to avoid loading the trangmisson lines
beyond prudent limits* In addition, asthe aggregate economic vaue of the trade enabled by the grids
increasss, the trade function becomesincreasngly important, and the two functions of maintaining reliabili-
ty and enabling trade tend to converge. From the pergectives of tranamision planning and operations, the
overdl god isnow to fadlitate trade while maintaining rdiability.

Although many gates do not now take dectricity trade into account when issuing permitsfor new tranamis
don cagpacity, thismay change. In generd, dl levds of government (federd, gate, and locd) have long snce
adopted the policy premise that additiona commerce enhances productivity and servesthe public intered,
asuming that the pricesfor the goods and servicesinvolved accurately reflect red cogs Attention to the
externdities or didocationsthat could result from trade often leadsto requirementsfor mitigetion, and in
ome casesto outright regection of proposed additionsto an areasinfrasructure. Further, if insufficient
atention isgiven to adverse Sde effects of increased trade, the probability of misdlocated or excessve invest-
ment goes up markedly. For example, excessve trangmisson invetment could be underutilized because of
dectricd gability concerns or excessve invesment in loca generation could cause generation to be “locked
into” aregion. A thoughtful assessment of dternatives asdiscussad in the section “Improving Agency and
Indugry Practices” on page E-31, hdpsto enaure the broad vison necessary to congder dl agpects of addi-
tiond dectricity commercein trangmisson planning and dting processes

In any casg, given that the policy of favoring increased trade has won broad acceptance, it ssemslikdy that
daeswill increesngly acknowledge the contribution of dectricity commerce to the need for new trangmis
son cgpacity. Given the long-term and forward-looking nature of transmisson planning, planners should
takeinto account likdy future trade requirements even if some jurisdictionsin ther area do not now recog-
nize trade as contributing to need. Some andydasnote that the rdiability benefits of tranamision additions
aretypicaly digributed very broadly, and the cogs of such additions are usualy recovered from &l con-

“New toolsfor managing the grid may enable operatorsto maintain rdiability sandards while reserving lesstrangmission
cgpadity for contingency flows Thiswill rdieve congraintsin some areasa sometimes
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umers across awide areg; by contragt, the economic benefits of increased commerce may be digributed
much less evenly. Thismeansthat different methods of cog dlocation and recovery may be appropriate, to
the extent that aproject isneeded to support dectricity commerce.

Findly, it isapparent that, in generd, the public will benefit if the geographic markets across which bulk
power trade occurs and rdiability ismanaged are large. Thisis because large marketstend to be more divers-
fied than amdl markets and greater divergty trandatesinto both lower market-clearing prices and lower-cog
provison of rdiability. (See 1sue Pgpers Trangmison Planning and the Ned for New Capadty by E. Hirg
and B. Kirby and Alternative BusnesMaddsfor Trangmisson Invesment and Opeaation by S Oren, G. Gross
and . Alvarado for additiond anayss)

Theimportance of thinking about bulk power marketsin termsof large multisate regionsiswiddy recog-
nized (Fox-Penner, 2001; Bailey and Eaton, 2001; Cogdlo, 2001; O’Donndl, 2000; Savros 2000).
However, eficient regiond marketswill not evolve through market transactionsdone. Quganed, conscious
efforts are needed to deveop regiond ingitutionsthat will support the functioning of such markets In its
Order No. 2000, the Federd Energy Regulatory Commission (FERC) dressed the benefits of large markets
in that and subsequent orders FERC has emphasized the importance of forming large Regiond
Trangmisson Organizations (RTOS). RTOsmay be for-profit Independent Tranamisson Companies (ITCs
a0 cdled TRANSCOs), nonprofit operators of trangmisson fecilities owned by others (Independent System
Operators or 109, or some hybrid of the two. (For extended andydsof RTOs see |ssue Paper Altenative
BusnesMaddsfar Trangnisgon Invesment and Operation by S Oren, G. Gross and F Alvarado.) In Order
No. 2000, FERC seslarge RTOs as essntid mechaniansfor achieving severd tranamisson objectivesthat
arevery important to the public interet, including:

e Provison of nondiscriminatory trangmisson srviceto dl buyersand sdlersin the market
aes,

e Economicdly eficient provison of ancillary services
e Economicdly efficent assurance of rdiability, and
* Regiond trangmisson planning.

Many observers now bedieve that tranamisson grids can be planned, built, maintained, and operated mog
eficiently from aregiona pergective. In addition, many are dso concerned that the exiging gate-based
regime for gting and permitting new tranamisson projects may not be wel suited to assessing proposas of
regiond importance. Some of the isuesraised are

*  Thescdetd cogsand bendfits of aregionaly important tranamisson project are ssdom
digributed evenly acrossthe area affected. Benefitstend to be digributed broadly in the
form of lower dectricity prices higher rdiability, and larger sdles volumesfor lower-cos
eectricity producers By contragt, many cogs are digributed narrowly dong the route of the
proposd line where aeshetic vidas red edate vdues and land use patternsare likey to be
negativey affected. In addition, the consumerswho pay for the line through ther dectric
billsmay or may not be the same group of consumerswho benefit from increased rdiability
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A Case of a Failureto Communicate

The siting proceedings described below for a generation and transmission project that had regional
impact demonstrate how communication can go wrong among two states and a federal regulator, and
how ignoring a project’s regional dimensions in the early stages can cause difficulties later.

In 1989, FERC granted the city of Jackson, Ohio, a license to construct a hydro generation project on
the Ohio River. AMP-Ohio, a wholesale power provider to 77 Ohio municipal utilities, joined the proj-
ect as a co-developer and helped finance the project. A decision was made to site the project at
Belleville, West Virginia, to take advantage of a West Virginia law that exempted municipal hydro projects
from state tax. However, because the economic benefits of the Jackson project would go mostly to
retail consumers served by AMP-Ohio’s utility customers, controversy arose in West Virginia where it
appeared that citizens would suffer environmental impacts but few economic benefits. Accordingly, the
West Virginia Senate passed a bill in 1994 removing the tax exemption for the project and threatening
its economic viability. Although the governor of West Virginia vetoed the bill, saying that it was unfair to
treat out-of-state municipalities differently from those of West Virginia, an agreement was reached
before the veto that the project sponsors would make payments to VWest Virginia in lieu of taxes and
that the transmission line linking the hydro plant to the grid would be located entirely wholly in Ohio
even though that would approximately double its length.

In 1996, Ohio regulators approved the transmission line, but Ohio Public Utilities Commission (PUC)
chair Craig Glazer filed a “concurring opinion” strongly criticizing the review process and its outcome.
Glazer complained that Ohio was not consulted “in a meaningful way” when AMP-Ohio negotiated its
deal with the governor of West Virginia: “It is indeed disingenuous for AMP-Ohio to reach an agreement
with the West Virginia governor to site the line in Ohio and only then come to Ohio and argue that any
routes in West Virginia are not feasible and should not be looked at in the siting process” (Electric Utility
Week, 1996). Glazer argued that analyses showed “far more environmentally benign and cost-effective
routes through West Virginia for this line.” He criticized FERC, which had approved the proposed hydro
facility, saying that Ohio staff had attempted to establish a joint siting and information sharing process
that “fell on deaf ears at the FERC staff level.” He continued, “Given FERC's utter lack of interest in
such a cooperative effort, [Ohio’s] staff did not pursue more formal requests” for cooperation. He
added, “This is a case study on how applicants, neighboring states, and an intervening federal agency
should not act” (ibid.).

Although there was a good faith effort to resolve the benefit allocation issue between Ohio and West
Virginia in this case, the transmission line was not considered at that time by AMP-Ohio, so the compa-
ny was vulnerable later to the assertion that it had struck an unscrupulous bargain with the governor of
West Virginia. PUC Chairperson Glazer noted that some of these difficulties might have been foreseen
at the time of the original hydro licensing decision and could have been resolved in advance. Perhaps
due in part to this case, Ohio recently adopted a streamlined, time-limited siting process that explicitly
provides for cooperation with other states and agencies on siting matters.
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and accessto lower-cog generation.

e At lesdt onedaeislegdly prohibited from conddering out-of-gate benefits assodated with proj-
ectsunder review (Misssappi Sae Code 77-3-14). Thiscondrant could leed to rgection of
regionaly bendfidd projectsif theintregae bendfitsdo not gopear to exceed theintragate cods

e BEvenif agaeisnot legdly prohibited from taking out-of-gae benefitsinto account, it
may dill not give these benefitsfull weight when assesing a project.

» Exiding gting processes vary sgnificantly from gateto sate. Approva may be required
from federd agencies charged with the management of public lands thisis particularly fre-
quent in the West. Permitsfor crossing the lands of Native American tribesmay dso be
needed. Thus thereview processfor amgor interdae project isadmog certain to be com-
plex. Ingitutiond mechanismsare needed to improve communication and coordination
among the various agenciesthat mug approve a project and to help develop common pro-
cedures and requirementsto serve the needs of as many reviewing agencies as possble.

The concerns noted above regarding the adequacy of the exiging sate-based process for reviewing mgjor
intergate trangmisson proposals have led some observersto conclude that grong regiond authoritiesare
needed to organize reviews and decide about sting and permitting of projectsthat would have regiond
impacts For example, /e DOE (1998), Recommendation #25: “Explore formation of regiona regulatory
authorities (RRAS) to provide an ingitutiona focus on interdate tranamision enhancement needs, the
avoidance of increased regulatory burdens and the replacement of multiple Sting and other authoritieswith
sngleregiona gting authoritiesthat are not subject to any gae veto.” Note This recommendation was not
upported unanimoudy.

The principa counterargument expressad by organizations representing gate and loca government agencies
istha asyet thereisno compdling evidence tha such far-reaching changes are needed. In September, 2001,
nine gate and locd governmentd organizations delivered ajoint letter to Senator Jeff Bingaman, chairman
of the Senate Energy and Naturd Resources Committee, objecting to Bingaman'sdraft legidation that
would give the FERC a backgop role and eminent domain authority with regpect to Sting new tranamisson
fadlities The nine organizations were the Nationd Governors Asociation (NGA), the Nationd Conference
of Sate Legidatures the Nationa Asociation of Regulatory Utility Commissoners the Council of Sate
Governments the Nationd Asociation of Counties the Nationa Asociation of Towns and Townships the
Nationa Asociation of Sate Energy Officids the Nationd Asociation of Sate Utility Consumer
Advocates and the Asociation of Sate Energy Research and Technology Trander Inditutions (Eedric
Utility Wesk, 2001).

An examination of recent or current mgor trangmisson projects does not yied conclusve answers about
whether grong new regiond dting ingitutions are needed (as opposad to improvementsto the exiging date-
basad regime). At a minimum, however, the record confirmsthat new mechanisms and practices are needed
to foder grester coordination, cooperation, and timdiness among dates federa agencies and tribesthat
mug review proposed mgor interdate trangmisson projects Pertinent issuesand policy options are dis
cused in the sections below.
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Some Generic Considerations Regarding the Regional Approach

Before discusing various possble formatsfor the desgn of regiona dting inditutions it will be hepful to
address severd background topicsthat pertain genericdly to the regiona gpproach.

Relationship between generation siting and transmission siting

Generation and trangmisson Sting areinextricably reated. The placement of new generaion in reation to
load centers and trangmisson bottlenecks can increase or decrease the need for new tranamisson facilities
Regiond or gae planning and dting officids mug take thexe effectsinto account.

In some aress of the country where natura gasisreedily available a low cog (e.g., the Gulf Coag), genera
tion providers have filed applicationsfor transmisson interconnectionsfor new generation wel in excess of
projected load growth in the surrounding area™® T his generation would serve more digant markets and
additiond tranamisson capacity would probably be needed to enable the generatorsto reech those markets
However, some parties assrt that naturd gas pipdines may be generdly chegper and less environmentaly
intrugve than dectric trangmisson lines and mog anadyds agree that new generation capacity should be
built as close aspracticable to the load centersit serves

Accordingly, when anew “long ling' tranamission facility is proposed, opponents may argue that the facility
isnot neaded because new generation could be built near the load center. Thiswould probably raise an evi-
dentiary quegtion (i.e, onerequiring forma examination) that would have to be addressed before the ques
tion of the nead for the trangmisson facility could be resolved. Further, load centerstend to be heavily
urbanized aress, they may have air qudity problems and they may lack the water supplies needed for new
generation. Without athorough assessment of theseissues decison-makerswould find it difficult to answver
the quegtion of the feashility in economic and other terms of building a sufficient quantity of new genera
tion near theload center. The need to congder other dternaivesto new trangmisson capacity (e.g. digrib-
uted generation)® would broaden the andytic requirements of the process even further.

Thiscomplex of issues (the meritsof locd generation and other loca dternatives versus digant generaion
plustrangmisson) hastwo sgnificant implications

(2) It incressesthe prospects for disagreement between or among Sates concerning the need for
new trangmisson capacity and suggeststhat gaes should be cautious about goproving new
generation cgpacity without inquiring whether such capacity may lead to trangmisson con-
getion and the need for new trangmisson capacity in neighboring dates The availability of
new technologiesfor digributed generation and other technologica subgitutes for new
trangmisson will add fud to thisdebate. At aminimum, generation and transmisson gting
decisonsincreasingly reguire extendve communication and coordinaion among gates
acrossaregion.

5See, for example, comments presented by a Southern Company representative a DOE'sworkshop in Atlanta,
September 26, 2001.

A further difficulty isthat it takestime, once aneed isidentified, to combine the many possble reourcesinto a
sound mitigating Srategy.
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(2) It incressesthe need for open regiond trangmisson planning processesthat will indicate to
al affected partieswhere and when new tranamisson capecity will be needed, taking into
account the gting of generation and the economic cogt and feagbility of dternativesto con-
ventiond tranamisson fecilities

Promoting common processes among reviewing agencies within a region

A regiond ingitution could foser the devdopment of common processesthat dl reviewing agenciesin the
region—gaes Native American tribes and federd agencies—could useto review trangmission projects The
regiona body could facilitate devdlopment of common application requirements and timelines joint intera-
gency hearings agreements on the types of dternativesto be conddered, and a sngle record of decison for
the project (see Conogptual Plansfar Hledridty Trangnisson in theWet, 2001). These actions could be accom-
plished with comparatively little infringement on the authority of the reviewing agencies

Improving coordination of the overall process in a region

Shortly after an gpplication for sting of an interdate or regiondly sgnificant trangmisson project has been
filed with one or more reviewing agencies it would be bendficid to have ajoint megting involving the appli-
cant and dl affected reviewing agencies, including federd agencies and Native American tribes to identify
possble points of difficulty or disagreement and begin exploring possble solutions Although this megting
could be coordinated informdly under the exiging Sate-basad review regime, a centrdized regiond organiza
tion could give the efort focused and pragmatic leadership without infringing on the authority of the
reviewing agencies

Two current and controversd trangmisson sSting casssinvolving Minnesota and Wisconan'’ provide sup-
port for the view that the Sting process for interdate projects could be aided dgnificantly if a cooperative
regiona body were available to asig in coordinating the process, and if regiond transmission planswere
available to guide date agenciesin conddering quetionsrdaed to the need for new tranamisson facilities
In both of these cases the gpplicants contended that the lines were needed primarily to maintain reiability
in Wiscondan. The need issue became a matter of debate in both cases and resolution of it might have gone
more smoothly had awell-developed regiond plan been avallable As of thiswriting, nether caseisresolved.

Providing federal backstop authority

Some desgnsfor regiond inditutionswould give authority for gting decisonsto aboard composed of rep-
reentatives from the affected gates (and perhapsfederd and triba agenciesaswel). Thisraisesthe possbili-
ty of interna disagreement; that is the regiond body might be unable to reach atimdy decison on whether
aproposed trangmisson project isneeded or on the acceptability of aroute for the line. To ded with such
casss dter agecified time period or under specified conditions®® afederd entity could be empowered to

These are the 38-mile line from Chisago, Minnesota, to Apple River, Wiscondn, and the roughly 230-mile line from
Duluth, Minnesota, to Wausau, Wisconsin. The latter has been gpproved by the gate sting authorities but isthe
subject of an gpped in Minnesota. The former was withdrawn and isbeing redesgned based on the reaults of a medi-
ation process

50ne possble condition would be the case of aregiona trangmisson project proposed in adate that dedinesto con-
gder regiond cogsand benefits
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Regiona Transmisson Planning and D evelopment
of Cooperative Regional Ingitutions

Due to the geography of the western U.S., with its comparatively long distances between cities and
some of the natural resources used in generating electricity, the western states have gained extensive
experience with planning and siting interstate transmission projects. Recently they have begun to devel-
op an institutional framework under the auspices of the Western Governors’ Association to aid them
in dealing with shared issues related to such projects. Much of this work is being done through a body
named the Committee for Regional Electric Power Cooperation (CREPC). CREPC was created in
1984 jointly by the Western Interstate Energy Board, which acts as the energy arm of the Western
Governors’ Association, and the Western Conference of Public Service Commissions. CREPC has
representation from the regulatory commissions, energy agencies, and facility siting agencies in the

I'l states and two Canadian provinces in the Western Interconnection. Through CREPC, the western
states have begun negotiations to develop a common interstate transmission siting protocol, and are
aiming at June 2002 as a target date for a publishable draft.

One of the roadblocks to the formation of comparable institutions in the Eastern Interconnection is
the lack of a clear and urgent agenda. That is, without either well-developed regional transmission plans
or a collection of actual regional-scale transmission proposals, it is not obvious which states and federal
land management agencies need to be talking with each other about what issues. Rather than wait for
RTOs to be established and for transmission plans to be developed by them under FERC’s direction,

an interim approach could be considered. DOE and the FERC could jointly identify key transmission
bottlenecks, and FERC could task administrative law judges to work with appropriate parties in each
bottleneck area to prepare interim transmission plans. By putting the emphasis on the power of persua-
sion, such a process would be non-threatening, which would help to elicit constructive responses from
stakeholders. The resulting plans would probably flag some important issues affecting groups of states,
and thus help to spur the formation of cooperative regional institutions.

rule on the acceptability of the project at the request of the applicant.*®

The progpect that jurisdiction over aproject might passto abacksop agency &fter the case proceadsfor a
certain amount of time could motivate a voting mgority of agdemated regiona body to rgect the proposa
asincomplete before the backgop provison tolls perhapsin the hopethat it would be resubmitted in a
form that would win broader support. Further, an agency subject to backsop provisons might be more
indgent on therange and detall of dternatives addressed in theinitia application, to increese the odds of
finding an dternaive to which it could say “yes’ within the timelimit and/or give itsdf more grounds upon
which to declare an gpplication incomplete if necessary.® In the end, backgop provisons—Ilinked to time

“There are do proposdsthat would dlow gpplicantsto invoke federa backstop authority if aregiond entity did not
exig and if agdate Sting agency was not able to make atimely decison about a proposed transmisson project.
“Note that in the case of AEP's controversa Wyoming-Cloverdae proposd, the West Virginia Public Service
Commisson (which mug rule upon an gpplication within 400 daysor d<eit isautomaticaly approved) a one point
rgected AEP's pplication asincomplete and advised AEP not to resubmit its proposa until after the Forest Service
had completed itsdraft environmentd impact satement. Resubmitting the proposal would restart the 400-day clock,
and the PSC gpparently wanted the dock to gart after the Fores Service had issued itsimpact satement.
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limits keyed to afinding that the application meets a ecified gandard of completeness—would likdy lead
to thefiling of more complete gpplications and would impose some discipline on reviewing agenciesto act
within predictable time periods

Why Not Just Centralize Transmisson Sting Under FERC?

There are obvious challenges in coordinating and harmonizing the views of affected states, local govern-
ments, tribal bodies, and federal agencies about proposed transmission facilities. Many observers and
industry participants have asked whether it would not be better to enact federal legislation making
FERC responsible for transmission siting decisions—particularly because FERC already exercises this
function with respect to the siting of natural gas pipelines.

Here are some important considerations:

|. Except for areas served by TVA or the federal power marketing administrations, trans-
mission siting is presently a matter of state responsibility. Pre-empting the states and
centralizing transmission siting under a federal agency would be a major change, and it
is unlikely to win broad acceptance as an appropriate solution to today’s siting chal-
lenges until less radical measures have been tried and found insufficient.

2. Despite the overarching importance of maintaining the adequacy and reliability of the
grid, “all transmission siting is local.” Fitting a proposed facility into a landscape where
the affected land areas are already used for a wide variety of legitimate purposes will
never be easy. Doing this job well will always require an immense amount of informa-
tion from local, state, and regional sources, as well as consultation and negotiation with
and among many of these parties. Transferring transmission siting responsibility to a sin-
gle federal agency could mean over-centralization, resulting in delays, hasty, or poor
decisions, or all three.

3. The existing process for siting natural gas pipelines is not necessarily a model to be
emulated. Critics emphasize that some pipeline siting cases have also dragged on for
years, and assert that the process is not sufficiently predictable. They also complain that
most events in the process take place in Washington, D.C., and argue that this imposes
a substantial burden on many participants, and effectively precludes participation by
others.

4. Improved coordination of federal agency reviews of transmission proposals would con-
tinue to be a major concern, even if siting responsibility were centralized at FERC.
However, this problem can be addressed without centralization.

5. As indicated in many places in this report, the FERC already faces a long agenda of
important and urgent matters related to establishing and maintaining effective competi-
tion in the nation’s bulk power markets. Many of these matters, in practical terms, can
only be addressed by FERC—there is no other credible candidate. In the case of trans-
mission siting, however, the states still want to do the job.
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A dronger but much more controversd formulation of the backsop concept that has been proposed by
somein the dectric industry would be to empower the applicant to gpped to the backsop agency when a
reviewing agency actswithin the dlotted time but rgectsthe application. Thisverdon would be much ress
ted by the reviewing agencies because it makes the gate process gppear lessimportant to the ultimate deci-
gon on the goplication. It isaso undear how this gructure would actudly change the nature of the review
process It might make it more difficult for areviewer to say “nad’ to an goplicant, knowing that the gppli-
cant could turn to the backgop agency for asecond opinion, or it might tempt areviewer to rgect acontro-
versd project anticipating that the backsop agency may be more willing to take any politica heat asociaed
with approving the project. A pernicious effect on the behavior of gpplicants could be the emergence, a lesst
in some cases, of “forum shopping.” That is, some gpplicants could become less reponsve to the concerns
of the reviewing agencies and lesswilling to pend money to addresstheir concerns knowing tha if they got
argection they could turn to the backsop agency.

Ove time, the criteria and gandards used by the backgop agency would tend to become definitive for al
reviewing agencies, perhgps making the role and powers of the backgop agency more important than the
drafters of the backgop provisonshad redized or intended.

Responsiveness to local concerns

A frequent criticiam of the regiond gpproach, epecidly if it iscombined with federd backsop authority,
istha aregiond or federd body will not be sufficiently regponsve to loca concerns To addressthisissue,
aregiond or federa body could be required to hold extengve locd public hearings and weigh the concerns
expresed a these hearings againg regiond and nationd ones Higoricdly, many regiond federd entities
(e.g., the Bonneville Power Adminigration, the Tennessee Valey Authority, regiond offices of the
Environmentd Protection Agency) have proven to be very reponsveto locd concerns (sometimesto the
congernation of officdsin Washington, D.C.).

Should regional bodies be empowered to provide sdvisory opinions only?

Giving regiond entitiesthe power to counsd but not decide would have the advantage of enabling a pand of
expertsto provide an objective assessment of aproposed project from aregiond pergpective without infring-
ing upon the reviewing agencies powers of decison. The reviewing agencieswould be under some pressure
to explain decisons not compatible with aregionad body's advisory opinion. The disadvantage of this
goproach isthat it further complicatesrather than amplifiesthe ingitutiona landscepe for tranamisson gt-
ing. Many partiesare grongly opposed to adding new layersto Sting procedures or dectricity regulaion.

Risk of jurisdictional confusion

If aregiond gting body were esablished, datesin the areawould Hill likely retain juridiction for some new
tranamisson projects depending on the definition of “regiondly sgnificant” usad to identify the projects
over which the new body would have juridiction. If the definition relied on clear empiricd criteria (e.g., “dl
tranamisson projects of 230 kV or highe™), the jurigdictiona boundaries would probably be dear, but there
would gill be some prectica difficultieswith the empirica approach. (See the section “Defining ‘Regiona
Trangmisson Fedilities™ on page E-25, for further discusson.)
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Risk of "forum shopping"

An goplicant might ddiberatdy desgn aproject to fdl into onejurisdictiona category rether than the other,
eg., 9 tha the body that the gpplicant perceved to be mog favorably digposed would review the project.
Thismight in some way dissrve the public interest. Aslong as both reviewing bodies are reasonably well
conceived and wdl run (and these are not trivia requirements), the public interes should be adequatey
Frved.

NEPA reviews

If aregiond body with dting authority included some representatives of federd agencies thisrasesthe
guegtion of what levd of federd involvement would trigger the requirement for an environmenta assessment
or environmentd impact gatement under the Nationd Environmenta Policy Act (NEPA). If adecidon

by the regiond body would supplant the need for an independent review of the project by one or more
federa agencies it ssamslikdy that the regiond body would have to conduct an environmenta assessment.
Depending on the reaults of the assessment, an impact atement might be required. In generd, mgor new
trangmisson projects usualy have Sgnificant environmenta impacts in such cases if federd decisonsare
required, full environmentd impact gatements mugt be prepared.

Alternative Designs for Regional Siting Institutions

There are a leadt five basic desgnstha might be condgdered for regiond sting ingitutions and many poss-
ble hybrids among the basc modds The discusson beow focuses on the principa diginctions among the
five basc moddsand isnot intended to be exhaudive.

Cooperative agreements

A cooperdtive agreement would esablish aregiond entity for the mutua convenience of participating Sates
tribes or federd agencies the participating agencieswould not cede any exiging authority or repongbility
to theregiond inditution. Theregiond ingitution's functionswould be limited to activities such asfodering
common sting processes and requirements and improving coordination anong membersto sreamline re-
view of regiondly sgnificant tranamisson facilities Memberswould probably find it ussful to agreeon a
caegory of fadilitiesthat would fdl under the entity's purview, and they would have to agree on how to gaff
and fund the ingitution. The parties could begin by esablishing a cooperative agreement that would apply
only to one specific mgor case and then decide on the bads of that experience whether to continueto pro-
ceed case by case or to edablish aganding agreement.

Interstate compacts

An interdate compact isan agreement anong or between gatesto egablish an inditution that has the power
to act for dl of them in agedific area. Edablishing an interdate compact isacomplex process egpecidly if
more than afew gatesare involved. The legidature of each participating ¢ate and the U.S. Congress must
gpprove the compact's founding agreement.

For acompact on tranamisson dting, many gates might have to enact legidation to authorize their public
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utility commissons (PUCs) to cede ecific authority to the regiond body or to share authority or provide
guidance to the commisdion concerning the circumstances under which it should defer to the regiona body.
The founding agreement would have to define the class of tranamisson fadilitiesthat would be subject to the
commisson'sjuridiction and esablish how the commisson would be gaffed and funded.

Agreementsfor compactstypicdly specify that the governors of the participating gates will gppoint the com-
pact’'scommissoners Voting representation on a compact commission tendsto be controversd because of
differencesin the Szes of datesand how to st each daés share (eg., based on population or contribution
to gross domegtic product) aswel asthe likdihood that some sateswould probably be more affected by the
commisson'sactivitiesthan others Smdler gatestend to prefer one-date, one-vote Sructures 0 asnot to be
overruled by larger dates

Intergae compacts have been established for many purposes and some have been much more successful than
others They ultimatdy degpend on cooperation and goodwill among the member dates If daesare drongly a&
oddson an issug acompact commisson may find it difficult to solve the problem. Conceavably, aprovison for
federd backgop authority could beinduded in the founding agreement to ded with potentid gdemates

Another possble problem with the compact modd in the current context isthat federd agencies are not
aubject to interdae compacts Cooperative agreements could be devised between a compact commisson and
gopropriate federd agencies but the arrangement would be comparatively informa. Another quegtion is
whether the founding agreement could be fashioned to facilitate participation by Native American tribes

Independent regional entities

The independent regiond entity modd offers condderable flexibility (regiond authorities have been esab-
lished through federd legidation to address awide range of problems).? Affected agencies (date, tribd, or
federd) would have to agree on a conceptua design for aregiona authority that would accomplish ther
common purposss, and then appropriate federd legidation would have to be crafted and enacted to serve
those purposes This approach requiresthe support of mog of the affected gates but it isggnificantly less
formd than the processfor egablishing an intergate compact.

Presumably, a board of commissonerswould head aregiond authority, and the enabling gatute would st
the criteriafor gopointment to the board. One approach would be to use the sting boardsthat currently
exig in some datesasamoded, with commissonersfrom rdevant date and federd agenciesor triba inditu-
tionsnominated by governors triba authorities or the Presdent.?? Thus thismodd accommodates federd
participation more reedily than an interdate compect. The desgners of the new entity would have to decide
how begt to baance federd and saeinterests particularly with regpect to voting powers and whether there
would be federa backgop authority.

2Thismodd probably comes closes to accommodating the intent of the Task Force on Electric Sysem Rdiability to
the Secretary of Energy Advisory Board in its Recommendation #25. (See DOE 1998).

2/ criticd dedgn dement would the processfor remova of commissonersfrom the regiond board. Serving at the
plessure of the gppointing authority is quite different from serving for adiginct term, for example. Another sgnificant
matter to addressis how such an organization would be gaffed.
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Aswith the other modds desgnerswould have to define the dass of trangmisson fadilities ubject to the new
entity'sjurigdiction and etablish afunding mechaniam. If the new entity wereto havefind sting authority on
behdf of federd agencies the enabling legidation would have to amend the enabling lawsfor those agendies
Smilarly, gate legidatureswould have to make appropriate changesto their repective dting lavs A sunsat pro-
vison could beinduded to enaure future review of the nead for and effectiveness of the new entity.

Joint federal-state boards

Although there are precedentsin the td ecommunications sector for the esablishment of joint regulatory
boards thismodd hasnot been usad in dectricity regulaion degite periodic expressions of interes by the
Nationa Asociation of Regulatory Commissoners (NARUC) and various sates Further, the rdlevance of
thisdructure to trangmisson dting, a lees under exiging law, isa bes uncertain.

Section 209(a) of the Federd Power Act authorizes FERC to refer an dectricity matter under itsjurisdiction
to ajoint date board composad of nominees seected by the regpective gate utility commissonsor by the
gatesgovernor if thereisno gate commisson. A joint board isto have the same power, duties and liabili-
tiessasacommisioner a FERC who hasbeen directed by FERC to hold hearings Thus ajoint board for an
dectricity matter, assuming unanimity among its members would be equivdent to asxth commisdoner a
FERC with respect to FERC decisonson the matter.

However, under current law, FERC hasno jurigdiction over trangmisson Sting, 0 it would have no bass
upon which to cdl for the esablishment of ajoint board to addresstrangmission sting issues

Regional FERC offices

FERC could be directed through federd legidation to esablish officesin each RTO’sareg; each office could
be made regpongble for trangmission sting and rate regulation within the region. Such legidation could
limit FERC'sregiond activitiesto matters such as hearings before adminidrative law judges and gaff reviews
of dting gpplications and could reserve find decison authority to the commisson. The legidation could dso
direct FERC regarding the cregtion of regiond joint gate boardson tranamisson Sting, the weight to be
given to decisons by such boards and how FERC'’s sting decisons should take into account the views and
expertise of other federd agenciesand Native American tribes

Thefull text of Section 209(a) reads
[FERC] may refer any matter arisng in the adminigration of this Part to aboard to be composed of a member or
members asdetermined by the Commisson, from the Sate or each of the Sates affected or to be affected by
such matter. Any such board shall be vested with the same power and be subject to the same dutiesand ligbilities
asin the case of amember of the Commission when desgnated by the Commisson to hold any hearings The
action of such board shdl have such force and effect and its proceedings shdl be conducted in such manner asthe
Commisson shdl by regulations prescribe. The board shal be gppointed by the Commisson from persons nomi-
naed by the Sate commisson of each sae affected, or by the Governor of such Sateif thereisno Sate commis
gon. Each Sate affected shal be entitled to the same number of representatives on the board unlessthe
nominating power of such gate waives auch right. The Commision shal have discretion to reect the nominee
from any Sate, but shdl thereupon invite anew nomination from that gate. The members of aboard shdl receive
such dlowances for expenses asthe Commisson shdl provide The Commisson may, when in itsdiscretion suffi-
cient reason exidstherefore, revoke any reference to such aboard.
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Defining “Regional Transmission Facilities”

If regiond transmisson gting entitieswere esablished, the category of facilities subject to the juridiction of
these bodies would probably nead to be defined. T he subsections beow address possible criteriafor this defi-
nition and the inditutiona context in which they might be gpplied.

Objective Criteria

Oneway to define the trangmisson fedilitiesthat would fdl under the jurisdiction of aregiond sting body
isto use objectiveindices such line voltage or length or whether the line would cross date boundaries
Although these criteria may sound reasonable, they may not dwaysyidd the expected results For example,
in some arsdy populated aress linesthat serve trangmisson functions may be comparatively low voltage;
conversdy, in some densdy populeated areas digribution lines may be designed for economic reasonsto
operate a high voltages Another exampleisthat afacility may be used in part for tranamision and in part
for digribution purposes One way to ded with problemsof thiskind isto cregte a definition based on
objective criteriawith amechanism that would dlow an affected party to petition for awaiver, based on
demondrating that the criteriashould not be applied in a gpecific case®

Functional Tests

An dternative for defining the jurisdiction of aregionad body isto gpply functiona tetsthat gauge
whether afacility would be usad primarily or wholly for trangmisson and define the degree of its expected
contribution to the reiability of the regiond grid. A sgnificant objection to thisgpproach isitslack of
trangparency—applying it could require hearing and evauating evidence before a decison could be made
about whether a proposad facility is regiondly dgnificant.

Economic Test

An economic test could be devised to etimate the probable economic benefitsthat aline would provide for
consumers over agiven period through e@ther improved accessto lower-cogt generation or mitigation of
potential market power. This estimate could be compared to an agreed-upon threshold for determining
regionaly dgnificant projects This approach might aso require gathering and evauating evidence.

In short, there are no easy, sraightforward criteria However, determining the criteriawould be moreimpor-
tant in Iomeingitutiond contextsthan others For example, if the inditution's principd function isto facili-
tate cooperation among the reviewing agenciesin theregion, if the agenciesretain thar exiging authority;,
and if no federd backgop mechaniam isetablished, then no juridictiona changeswould result from the
desgnation of aproject asa“regiond project.” A “regiond project” would be channded through the regiona
cooperative process but no other changeswould ensue. Asaredult, the criteriafor determining a regiona

% Many daes currently use objective criteria (such asvoltage and line length) to determine whether trangmisson digtri-
bution projects need gate approva. Projectsthat do not meat the defined threshold in these gates gill have to meat
locd zoning, safety, and other requirements but they do not have to go through the full sae siting review process
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project would be lessimportant (and lesslikey to be the focus of litigation) than if designation as“regiond”
would meen that a project might under certain conditions be shifted onto afederd juridictiond track. As
long asjurigdiction would not be affected, the mog important choice the reviewing agencieswould have to
make could be whether they wanted to channd dl transmisson projectsthrough the regiond body, or only a
ubset of projects deemed to have regiona dgnificance

By contrag,, if theregiond ingitution was given the power to decide Sting quegtions, the scope of itsjuris
diction would be much moreimportant, and the founding partieswould probably wish to define criteriafor
juridiction very carefully. Smilarly, if afederd backsop mechanism were created by federd legidation, the
legidation would probably have to address jurisdiction. One approach would be to Sdesep the criteriadto-
gether and ecify that under certain conditions (e.g., falure of areviewing agency to act within a gecified
period, or rgection by areviewing agency of an RTO-gpproved tranamisson project), the gpplicant could
petition the backstop agency to take the case. Another dternative would be for the legidation to direct the
backsop agency to conduct arulemaking procedure to esablish appropriate criteriafor identifying tranamis
son projects of regiona or naiona importance

Improving the Existing State-Based Siting Process

Regardless of how the debate evolves over whether regiond or federd authorities should be respongble for
certain agects of tranamisson gting, sateswill continue to be regpongble for Sting alarge proportion of
the nation's new tranamisson fadilities Thus it isworthwhile to condder how the sate-based sting process
could be improved.

Trangmisson proposasfal typicaly into one or more of three categories
e Thos= neaded to connect anew generator to the grid,
e Thos= neaded to meet rdiability gandards and
e Thos= neaded to enable increasad dectricity trade.
Some projects are very amdl in geographic scope others extend for hundreds or even thousands of miles?®

Although thereis debate about the scope of possble federd or regiond regpongbilitiesfor transmisson st-
ing, date authoritieswill continue to review dozens of trangmisson or tranamisson-reated proposas each
year, and repongbility for gting generation islikdy to remain with the gates Smilarly, mog legidative pro-
posastha would shift some juridiction for trangmision dting away from dates (eg., trander a*“backgop”
authority to FERC) nonethdessleave gateswith the primary authority for thisfunction. Sae-based trans
misson gting processes vary condderably acrossthe U.S, and, for the mog part, worthy projectsare
gpproved, and deficient projects are discouraged, improved, or rgected. Mog transmisson projects are
intragate and amal in scde

A recent proposd (not yet filed a a sting authority) would build approximately 2,000 miles of transmisson linesto
connect new cod generation in Wyoming with load centersin Chicago and Los Angdles
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Even successful Sting cases may have shortcomings, and some casssilludrate recurrent criticiams of Sete-
basad trangmisson Sting that warrant atention. Some observers bdieve that the casestha could have been
handled better represent exceptionsto abascaly sound sygem. Others see these cases as symptomatic of a
need for fundamentd changes

Accountability

Any sygem of regulation mug have and retain public confidence. Generdly, regulators earn public confi-
dence by being fair, competent, and condgent over time. In the United Sates the generd practiceisto
assign responghility for regulation to the levd of government that can mogt effectively serve and protect the
interegs of the citizens affected. This practice dlowsloca conditionsand differencesto be reflected in regu-
latory decisons, and non-loca congderations can be taken into account when appropriate.

Improvements to Siting Processes

Sate laws governing tranamisson sting are the product of serious debate among dected officias Likewise,
date gting decisons are the products of a careful weighing of evidencein light of public policy expressed in
datutes Although date Sting laws and processes have been constientioudy deve oped, improvements may be
needed to maintain ardiable and adequate dectricity grid. Some possble changes are discussed bdow,

"One-stop" siting process

Some gates place the authority for congdering tranamisson gting proposasin a sngle agency, which may
be the gate regulatory utility commission or a sting board made up of decison makersfrom severd govern-
ment departments T his gructure makes accountability for dting decisons clear, and it enables gpplicantsto
become familiar with asngle process If loca authoritieshave arolein the goprova process it isimportant
that the date be able to impose on dl locd reviewers a common, satewide pergpective regarding the regula-
ed utility sysem.?

Intergate projects would be digible for one-gop trestment only if the affected sates combined their efforts
into aregiond dting process. This principle has many supporters, but the procedura requirementswould be
very demanding; the authors are aware of no successful aettempt at avoluntary, one-sop, multi-gate gting
process? The dilemmafor gatesis often thought to be whether the gate Sting authority should focus exclu-
svey on protecting the gatesinterests or should take an expandve view and condder regiond interess This
isafase choice Thelong-term interess of mos consumers are bes served by addressng regiond grid needs
while accounting for daeinterestsa the sametime?

2For example recent legidation passed in Colorado modified the ganding of locd authoritiesin trangmisson sting
matters The PUC can now pre-empt the decison of locd authoritiesif thereisacompeling gate interest.

Z0Ohio hasagaute that explicitly authorizesitstranamisson dting authority to cooperate with other gates but this
process hasyet to beteted. The wesern saes have begun negotiations concerning acommon interdate sting protocol
for the wegt, which could result in something like aregiona one-gop process

=T here are many examples of gate sting ordersthat make a ecid effort to acknowledge the importance of regiond
concerns There are dso examplestha do the opposte.
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Three Views of Sate-Based Sting

Three organizations with distinctly different perspectives about U.S. electricity policy are the Western
Governors’ Association, the Edison Electric Institute, and the Electricity Consumers Alliance. Although
many parties have views about how to change the transmission siting process, the views of these
organizations illustrate that there is a broad range of opinions.

The Western Governors’ Association (WGA) is a policy forum serving 18 western states, including
Alaska and Hawaii. The organization has a long-standing interest in transmission siting and energy
policy. The WGA position is:

* Transmission expansion should support three key priorities: enhance reliability, reduce
consumers' costs, and promote fuel source diversity.

* Need should be established using regional criteria.
» Siting should remain the responsibility of the states.

* The states should collaborate in the review of interstate transmission projects, and federal
land management agencies should join this collaboration.

The Edison Electric Institute (EEI) is a trade association that represents the interests of investor-owned
electric utilities. The EEI position is:

» States should have a limited amount of time to review any transmission project.

* If a state rejects a project or does not rule within the allotted time, FERC should be
authorized to take the case as it stands and rule upon it within a specific time period.

»  Other EEl recommendations concerning federal land management agencies focus on
enhancing coordination and attention to deadlines in agency reviews of siting proposals.

The Electric Consumers Alliance (ECA) addresses electricity policy issues nationally and in key states
on behalf of small consumers and their local organizations. The ECA position is:

*  Determination of need for new transmission should be made by a regional transmission organization.
e Federal, state, and local reviews should take no more than 12 to 18 months.

* Reviews by more than one agency within a single state should be combined. Similarly,
reviews by more than one federal agency should be combined.

e If federal or state reviews are not complete after the allotted time, FERC should take and
rule on the case.

* The rights of individuals must be respected in the siting process.

Sources: The Western Governors’ Association published its views in Conceptual Plans for Electricity Transmission in the West,
2001).The Edison Electric Institute (EEl) is a trade association for investor-owned electric utilities. EEI's views were conveyed
to the authors in a personal conversation with Rich Loughery and Henry Bartholomew. The Electric Consumers Alliance
(ECA) represents hundreds of rural, senior, low-income, small-business, minority and other consumer organizations. ECA con-
veyed its views at a DOE public hearing on September 28, 2001.
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Sateswill aso need to addressthe dlocation of cogsfor aregiondly judified trangmisson project. An RTO
or atightly operated 1S0% will adminigter this matter once the project isbuilt but typicaly doesnot have an
activerole @ the project review dage. If thereisaproblem with the dlocation of cogsand benefits among
gatesand their consumers these money matters should be negotiated under pressure from regulators (as
they often arein naturd gas open-season proceedings).® Sting authorities can send dgnasto devdopersand
dlow reasonable time for proposasto be adjusted to address such concerns Authorities can dso encourage
project plannersto addressthis subject with sakeholders and the public before an goplication isfiled.

Ex parterules control how information flowsto and from the regulatory body; they are intended ensure a
far process free of abuses by partieswho have reedy accessto decison makers The evidentiary bassfor an
order should be dear from the record. However, ex parte rules can hinder the management of Sting dockets
and negotiationswith the goplicant or other reviewing agencies by shidding the gting authority from vau-
ableinsghts more likely to emergein conversation than in cross-examination. Beyond gpesking through
ther orders regulators can find waysto communicate condructive information in afar way, usng methods
auch asworkshops, gpecid magersand other dternative digoute resolution methods, written quetionsto the
parties gatusorders ec.

Maximum time limits

Mog transmisson dting proposdsare amdl in scae and are reviewed and acted on by the rdevant gae
authority within ayear. Larger projects atract more atention from intervenors, are more complex, and may
takelonger. In some protracted cases, the Sting authority may, because of rductance to rgect a project that
gopearsto have merit but needs modification beforeit can be gpproved, alow the gpplicant timeto correct
deficenciesthat emerge during the proceeding.

In generd, however, sting authorities should grive to maintain schedules and avoid ddays Among other
things thismeansnot alowing opponents of aproject to hold up the process Opponentsmus have afar
opportunity to gather information and present a case but should not be dlowed to take control of the caen-
dar. The project proponent can help prevent thiskind of dday by presenting a credible array of dternaives
S0 that oppodng parties cannot obgruct proceedings by caling for inquiriesinto reasonable dternativesthat
have not been addressed in the proposa.®

Asan dternative to dlowing the dting review caendar to be based on judgment cals some datesimpose a
timelimit on the process However, if atimelimit isto have a postive effect, the time dlowed mugt be suffi-
cient for areview that will meet public expectations for thoroughness and fairness A very tight time limit
can too frequently put the authority in the difficult postion of nearing the deadline with inadequate evi-
denceto find in favor of aproject. A sysem that frequently resultsin rgections on procedurd grounds or
gpprovasby default isnot agood sysem.

A tightly operated pool isonetha controlsand digpachesdl the generatorsto reduce overdl cogs and interndizes
numerous cog dlocation decisonsin itsrate gructure

¥The April 2001 Connecticut Sting Council decison to rgect the Cross Sound Cable project induded awarning, pre-
sumably directed at successor proposas regarding the dlocation of costs as compared to the expected benefits

310f course, if thereisa superior dternative, the process mugt accommodateit. Proponents of trangmisson projects
should do their begt to ensurethat there are no superior dternaives and expect the review processto retify that view.
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A recurrent complaint from prospective gpplicantsistha gting processes without time limits are too unpre-
dictable For example, unpredictable time frames can negetively affect project financing; an applicant may be
rductant to poend the money to develop a proposal and support it through the goprova process unlessit is
reasonably certain that it will be able to obtan financing for the congruction phase of the project. However,
potentiad financid backers may be unwilling or unable to addressthe financid detals of aproject if they do
not know when congruction might begin or be completed, and a project tied up in aprotracted review is
more likely to be adversdy affected by ongoing changesin bulk power markets Reasonable time limitson
trangmisson gting processeswould help digod the uncertainty that agppearsto hamper many busness deci-
donsin thetranamisson sector.

Clarify approval criteria

Fortunady, many tranamisson proposastha: come before sting authorities address unambiguous needsto
improve rdiability or to repond to growth. The difficult cases are onesin which the factsdo not line up
well with the approvd criteria, or the criteriathemsdves are inadequate for the ecific Stuation. Setes
should examine the gpprovd criteriain ther gting gatutesin light of the Sgnificant changes occurring in
bulk power markets (see “The Regiona Perpective’, on page E-13). In addition, when a case exposss a
wesknessin the gatute, this should be addressed by the date legidature as soon as possble

Cost recovery rules and grid investment needs

Utility cogts cannot be recovered from consumerswithout rate proceedings Many utilities rates are frozen or
capped for long periods as part of aregulatory agreement, asimposed by alegidaturein dectric restructuring
laws or for punitive reesons Without performance incentives or the opportunity to recover extraordinary
cods autility may decide to avoid mgor invesments even when they are needed. When conddering rate
freezes and caps regulators and legidators should consder the horizon of prospective utility invesmentsand
condder whether acap will gifleimportant projects®

Federal incentives for state changes

In omeingances date Sting processes based on an accumulation of law and precedent may no longer be
adequate to address the challenges asociated with the current resructuring of the U.S dectricity indugry.®

#2A complete proposa, basad on gandards etablished by datute and rule, iskey to making atime limit work. Until a
proposa iscomplete, the “clock” should not gart.

3|_eggidators are ometimes reuctant to “open up” adatute for fear that otherswill take the opportunity to pressfor
other changes. This concern mus be baanced againg the need to update an important process

#Utilizing traditiona regulatory toolslike Congruction Work in Progress accounts or Smply booking and deferring
codsfor future regulaory treetment can provide utilitieswith assurance that they will recover the cogs of needed
tranamisson invesment incurred during arate cgp, induding areasonable return on invesment after the end of the
rete cap. However, if the cap ispart of a performance ratemaking plan, and the utility has accepted the risk that such
cogs may be neaded during the period of the plan, then assst depreciation would gart normally, and the utility could
indude the depreciated cogtsin the consderation of pog-plan rates In thislatter casg utilitieswould ill have incen-
tivesto pursue cog-effective tranamisson invesments because efficiency improvementsinure, a leeg in part, to the
utility’s profitsin performance based ratemaking.

*Thisaubject requiresetendve andydsand lendsitf to the “bet pradtices’ project discussad bdow in “Federd Assgance”
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Given the arcane nature of trangmisson gting and the potentidly difficult politica chalenge of updating the
sting process, the federa government may be able to facilitate needed change by means of incentives

Federd sponsorship of workshops and development of modd legidation are worthwhile agpproaches, another
initiative that has sgnificant support would put the Federd Energy Regulatory Commisson in a backsop
roleto dae sting authorities This approach, which would require changesin federd law, would give FERC
gting jurisdiction over proposad “regiond transmission facilities' (See section on “Defining ‘Regiond
Trangmisson Fedilities™ above) if affected Satesfal to act within a gecified period.*® Many obsrvers
expect that if FERC had thisrole, mog gateswould intengfy and coordinate their efforts and complete
reviewsin timeto avoid an unwanted change of venue to the backsop authority.

An gpproach that some observersfind less aggressve would be for federd law to support or assg the forma-
tion of cooperative regiona bodies composed of officids from affected dates these regiond bodies could be
convened to coordinate the review of regiondly sgnificant tranamisson proposas (Thisideaisexplored in
the section “The Regiond Pergective,” above) These regiond inditutions could be aded by findings of
nead from the soon-to-be-formed RTOs The quetion of what authority gates should retain in future sting
processesis currently sdemated between advocates of gate authority and proponents of federd authority.

Improving Agency and Industry Practices

Not dl barriersto gting of new trangmisson linesare reaed to the date-based review process Some ddays
and rgections result from omissonsor other types of problemswith tranamisson proposds or with the
practices of tranamisson owners The subsections beow address changesin practice by progpective tranamis
don sting gpplicantsthat could improve the qudity of regulaory outcomes

Thissection dso turnsatention to the federd government, addresing siting on federd lands gting by fed-
erd utilities and other actionsthe federal government can take to improve sting results

The subjectsin this section are linked by improving methods utilizing exiging methods better, more effec-
tively deploying new methods and communicating among al affected parties more effectively. A podtive
outcome would be one in which the tranamisson owners interes and the public interes are better digned
than they appear to be today.

Effective Presentation of Alternatives

Trangmisson gting proposals are complex, egpecidly for large-scae projects desgned to improve rdiability
or enableincreased energy tranders over wide regions To ad decison makersin making a sound choice

¥FERC backsop authority could aso be exercised if gate Sting authorities addresing aregionaly important multi-
date project disagree on whether the project should be permitted. Thisisdifferent from atrigger based on atime dead-
line because in this case the gates would have executed ther responghilities FERC could determine whether some
compromise or blending of interests among the affected sateswould be possble
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about whether to permit aproject (and to prevent criticsfrom derailing aproject by shifting attention to
other options), aproposa should indude adetaled presentation of the dternatives consdered.®”

Alternatives enhance credibility and public confidence

A proposd tha presentsand compares dternatives showsthat the proponent isfocused on meeting asygem
need in the bes way, not on getting a particular project built. Addressng dternatives showsthe gpplicant’s
confidence that the proposa representsthe best gpproach to meeting a sysem need. This gpproach can be
alded by undertaking an open planning process once a need has been recognized but before a solution is
sected; the public should be engaged in this processto asig the trangmisson company in combining its
own and public intereg prioritiesin the decison process® T his processimprovement should not be used,
however, asaway to shift the respongbility to deveop dternativesto intervenors Many permitting agencies
dready require tha proposdsindude dternaives Agenciesthat do not should condder adding thisrequire-
ment asan invesment to ged the overdl process

Range of alternatives must be broad

Even when an applicant presents dternatives, the range addressed may be too narrow. Effortsto definea
generic lig of dternativesthat should be addressed are difficult because of the inherent variety of grid needs
and drcumgances Ingead of mechanicaly addressng alig of required dternatives an goplicant will likely
fare better by determining what aternative routes or dternativesto tranamisson are likely to be consdered
rdevant by the regulators and potentid intervenors and addressing these optionsin detail. (The goplicant
will readily learn about these dternaives during atrangparent planning process)

If important dternatives are not evauated in the proposd, they arelikdy to be introduced by public advo-
caesor other intervenorswho may assrt that the dternatives represent abetter gpproach than the proposed
project.® It isaso worth adding that atranamisson line serves no other purpose than to conduct power, but
other options such asincreasng energy efficiency, managing load, and congructing loca generation, may
have diginct, podtive externditiesin the community while aso contributing to rdiability. Franchised wires
companies are usudly concerned with the generd economic wel-being of ther service arees 0 they have
reason to condder abroad range of potentidly beneficid locd invexments

Advantages of Open Planning

A frudration that is sometimes expressed in the midg of atranamisson sting dispute goes something like
this “If only the applicant had gpoken with us before going public with the proposa. Now both Sdesare
digging in for afight.” Cogly proposdsto build new lines sometimes seem to come out of the blue because

¥Thisisnot usudly aconcern for trangmisson tha will interconnect a generator with the grid.

¥Southwestern Public Service, then asubsdiary of New Century Energies conducted such an open processin building
atrangmisson linein Kansas Asareault the Kansas Corporation Commisson gpproved the ssgment of the project in
itsgate despite the lack of direct and immediate benefit to Kansas (Persond communicationswith Mark Doljec,
Kansas Corporation Commisson.)

®An exampleisatransmision project in New Mexico that wasrgected after loca generation and efficiency dternatives
were proposd by the gate Attorney Generd and other intervenors
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needs are not articulated ahead of time, if ever; once atranamisson corridor is proposed, land owners and
other interesed partiesmay fed asif st upon by a powerful force.

It doesnot have to be thisway. Although some partieswill oppose power line proposas regardless of the cir-
cumgances others may be moved to oppose aproject hot so much because of its content but because of per-
ceptionsthat the proponent isbehaving in an arrogant or paterndidic fashion or making aunilatera decigon.
Despite the cogs of regular reportsto the public about the gate of the tranamission grid and its expected needs
it isin theintereg of both the public and the gpplicant or RTO to make these reports Sysem neads can be
tracked asthey evolve from technicd indicationsinto demongrable problems Discussions about how to
address growing concerns can be particularly productive if they involve affected partiesand dl rdevant informa-
tion isavailable to anyone who caresto look for it. Early identification of potentia problem areasd <o dlows
andl-scde reponssslike digributed resourcesthe bes opportunity to contribute efficently to a solution.®

Deterministic and Probabilistic Planning

Determinidic andydsidentifiesposible events (eg., falure of alarge generator) and gudiesther efectson rdia-
bility. The andys assessesthelikdihood of these events basad on professond judgment. Probabiligic andyss
usssarigorousgdidica method to asessthelikdihood of an event and itseffects Probabiligic andyssdlows
for rdaivdy essy numericd comparisonsof dternaives but these comparisons may seem more precise than they
actudly are because the results are highly dependent on the qudity of forecagts of future equipment performance
Determinigic goproaches are more traditiona and less cogly. Both methods are vduable Regulators should
encourage the use of both o decison makers can have the mog complete information possble

Impact of Rate Desigh on Decision Making

Asits participants know well, there are many waysto regulate the dectric utility indugry. The rulesand rate
desgnsin force a any given time affect the decisons and behavior of the players Some examples follow
showing the effects of rate design on the assessment of new tranamisson proposas

e |f thecod of anew tranamission project is“rolled in” to average regiond trangmisson rates,
the new trangmisson will be far eeser to jugify than if the same cogs are assgned only to
the group of consumersin the region whose changesin dectricity usage have caused the
invesment to be necessary.

“A related topicistha the grid in which investments are made today will not be the same grid in jus afew years
Loadswill change, new generation will be built, and some units may beretired. One merit of atrangparent processis
that it helpsfocuson theinvesmentsthat are mog likdy to make sense for awide variety of futures

“A cordllary to thisideaisdrawn from expaience with highways If new roadweays are built to address congegion without
addresing lower-cog waysto reducetreffic, and if the source of the demand for the new rosdways doesnot pay the cog for the
new condruction, the new road can generate moretreffic. That is moretrdfic than eqected will use the new roadway because
it isavalable and congestion will increase more rgpidly than highway plannerswould have predicted basad on prior paterns
Smilaly if anew remedid connection to the grid isbuilt and the costs are assgned to sodety rather than to the connection's
diret bendfidaries the connection can reault in increesed demand (dther from ineffident generation dting or even greater vol-
umes of long digance energy trading) and thereforeincressad congegtion. Somewould cdl thisan impliat subgdy. Theresult
of thissonario isincreasad congestion, much more rgpidly than would be expected based on prior patterns
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» |If thecodsof an dternative aretrested asrolled in while the cogs of competing dternaives
are charged incrementdly to those whose energy use has caused the need for the new trans
misson, the utility will tend to sect the dternative whose cogsarerolled in even if it is
more expensve and less effective at megting grid needs

Thez are not hypothetica examples Thefirg cazistypicd in the New England Power Pool (NEPOOL),
where the cog of “pool trangmisson fadilities’ isborne by dl consumersin New England. Although these
fecilitiesare not intended aslocd interconnection service and are in principle necessary for rdiability, their
need isoften the result of demand growth in adiginct part of the whole region. Nonethdess everyone pays
The second caseistypicd in mog regions Didributed resources auch as energy efficiency and locd genera
tion arethe best answersto some grid problems. Ya the sygem-wide financid support available for tranamis
don to as5d the grid isnot available for these competing dternatives Basc economics suggesstha when
the cause of an invesment can be dearly be assigned to a gecific group of cusomers those cusomers
should pay for it. Implementation of thisrule by regulatorsis complex in practice though congegion trans
misson pricing isavery podtive gep in thisdirection. Ignoring thisrule will adversdy affect the nature and
eficency of future utility invesments*

Encouraging Innovation

Oneway tha the tranamisson dting process can be improved isfor regulatorsto reward applicantsfor
bringing forward innovative waysto addresstranamission grid needs There isevidence of thisdready, asDC
proposas, undersaa projects and flexible AC tranamisson sysem (FACTS) devices begin to gppear on grid
expangon plans Indugtry and D OE should continue their atention to the pace and direction of tranamis
don-rdated research and devdopment, and the indugry should continue to educate regulators about the
merits of new gpproaches and devicesthat can enhance the grid.

Effects of Cost Minimization

Some partiesare critica of exiging regulation because returns on equity invesment are thought to be inade-
quate compared with the risks of the enterprise and the vdue added by tranamisson facilities In thisview,
tranamision cogs are roughly 10 percent of retail dectric rates amodest increase over thisfigure should be
acceptable to consumersif the reault isgreater incentive to propose needed projects Allowing higher propos
a cogswould adso tend to widen the range of economicdly competitive dternaives

At the same time, gpplicants sometimesress adding featuresto their projectsthat would increase cogs but
bring the proposasin line with public policy concerns Examples of such featuresindude

e Sective undergrounding,

e More dtractive tower desgnsand wire placements,

“Thisidea can be extended to the retail regime aswell. The Sate of Connecticut directs sysem benefit fundsto sup-
port demand-regponse programsin desgnated transmisson- and digtribution-congrained aress (Also, see Moskovitz,
2001.)

E-34 National Transmision Grid Sudy



e Longe routesaround sengtive areas®
* Zigzag corridorsas an dterndive to long, graight wooded corridors and
e Shaing of morefinancid bendfitswith affected landowners*

Some might suggest that these dements“gold plat€’ aproject. Others see these festures asred cogs neces:
sy to win support and fit a needed project into surroundingsthat are not blank dates but lands protected
by legitimate property rights and valued by society. A trangparent planning processthat focuses more broadly
on addressng future needswill ad gpplicantsin identifying beneficid improvementsto budding projects

Need for Complete Applications

Trangmisson dting isadifficult processat bes. When a proposa isincomplete, the process becomes Hill
more difficult. The reasonsfor incomplete gpplications range from alack of familiarity with the rulesand
expectaions of the dting authority to intentional omisson of ggnificant information. In any case, the bur-
den ison the gpplicant to know and abide by the spirit of therules Thisisnot jug an issue of far play;
trug isafragile commodity in aprocess where the threat of eminent domain dwayslooms even though it is
rardy mentioned and even more rardy used. When gpplicants do not abide by the rules of the process they
may lose the trug of the public and the sting agency. Oncetrug hasbeen compromised, it isdifficult for a
review processto reach an outcomethat will bein the public interes and be 0 recognized by mog parties

Transmission Company Perceptions of the Siting Process

In somejuridictions thereisanecdotd evidencethat at leas some trangmisson sygem problems are not
being addressed because utility executives are concerned about the hogtile reception they expect that propos
aswould recaive from the sate Sting process* Utilities holding this view assume they would losein the
court of public opinion and wage financia and human resourcesin the attempt. It isdifficult to evduate
these anecdotes for severd reasons A utility gpesking fredy and acknowledging rductance would risk aregu-
latory ruling that it had been imprudent for failing to pursue congruction of needed facilities Further, the
root cause of the rductance may rdae to factors other than the gting process The exigence of these Sories
however, isdear indication of aproblem. One abjective of reform of the Sting process should be to ensure
that the processis perceived aswecoming good proposals and offering afar teg to dl projects A processin
which utilitieswith an obligetion to ddiver are 0 intimidated that worthwhile projects remain under wrgps
doesnot srve the public intered.

“Sge deription of Cross Sound Connector project in the saction “Two Ingructive Trangmisson Sting Casss” on page E-8.
“Utilities express concern tha premature identification of aroute may result in increased eassment codts In contrad,
rumors of a progpective tranamisson project may adversdy affect land vaues and burden landownerswith uncertainty.
We sugges putting dl the facts on the table and relying on the Sting authority (and courtsif necessary) to rule expedi-
tioudy on the project and itsroute and to st fair and reasonable eesement cods

“Qther possble factorsindude uncertainties regarding cog recovery in agate or how cogswould be dlocated anong
gatesand companiesfor interdate projects. Locd politics may dso be afactor.
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Solving Exising Aesthetic Problemsin Combination with New Transmisson Projects

In some cases, a new transmission project can provide the means to resolving a community’s existing
aesthetic problem. Consider the case of an aging industrial waterfront area that has the potential to be
transformed into a civic and tourist center, but its best views are marred by an accumulation of high
voltage lines left over from its industrial past. Some communities are working with their utilities on
such projects by finding ways to remove some or all of these lines in conjunction with upgrading other
transmission lines nearby. This somewhat radical approach—removing still-functional facilities from serv-
ice for aesthetic reasons—can produce a more efficient transmission system, while strengthening public
support for an otherwise intrusive project.

One example is in Minnesota.As part of the controversial Chisago-Apple River proposal, a mediation
process revealed the existence of an opportunity to clean up the visual effect of accumulated power
lines in the city of Taylor Falls, MN. Power lines would be removed, and one 161 kV line would cross
the river in its place. The concept would also place the new line underground for some distance near
the waterfront. Execution of this idea is still pending; Xcel and Dairyland Cooperative have not yet filed
the new proposal with siting authorities in Minnesota and Wisconsin.

Another example is in Vermont, where the Vermont Electric Power Company and the City of
Burlington are working together in advance of a major VELCO transmission siting proposal to see if
lines on the redeveloped waterfront of Vermont’s largest city can be removed as part of the project.
Advance planning ensures that regardless of the decision, all sides will know that great effort was made
by VELCO to find positive collateral benefits.

Federal Actions to Improve the Siting Process

There are saverd ways, described in the subsections below, that the federa government could promote
improved tranamisson dting performance in the United Sates independent of how jurigdiction is appor-
tioned between gae and federd regulators

Improving federal land management agency reviews

Probably the second-mog-often-heard category of complaints aout the transmisson sting process (after
concerns about the date process) rdatesto federd land management agency reviews of proposals Almog 29
percent of thetota land area of the United Saesisowned by the federd government and managed by the
Depatments of Defense, Agriculture, Interior, and other agencies (Satigical Abdrad of the United Sates
2000; see box below for additiona details). In addition, other non-federa land aress such asarsheds wet-
lands, navigable waterways and coastd zones are subject to federa oversght by the Environmenta
Protection Agency, the Corps of Engineers and other agencies

These complaintsfal into four generd categories

e Thereisoften incondggency within an agency in the wayslocd or regiond land managers
review tranamisson projects
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Didribution of Federal Landsin the United Sates

Although almost 29 percent of the land area of the United States is federally owned, the distribution of
this land is very uneven. Nearly 38 percent of all federal land is in Alaska where almost 68 percent of
the state is federally owned. Another 54 percent of all federal land is concentrated in the || states of
the contiguous U.S. that are located wholly or partially west of the Continental Divide. Additional
details about these || states are presented in the following table:

Total Area
State (Acres, in 000's) % Federal Land
Arizona 72,688 45.6
California 100,207 44.9
Colorado 66,486 36.4
Idaho 52,933 62.5
Montana 93,271 28.0
New Mexico 77,766 342
Nevada 70,264 83.1
Oregon 61,599 52.6
Utah 52,697 64.5
Washington 42,694 28.5
Wyoming 62,343 49.9

Source: Statistical Abstract of the United States, 2000 (U.S. Dept. of Commerce, December, 2000), Table No. 381 (1997 data).

e When two (or more) federd agencies areinvolved, there is frequently inadequate communi-
cation and coordination between them.

e Review of trangmisson proposas does not gppear to be important in comparison to the
primary misson of the agency.

e Feded agenciesfreguently wait to conduct their reviews until gate reviews are completed
and afind route has been sHected. Thisintroducestherisk that afederd agency may
require aroute change, leading to another (time- and cog-consuming) iteraion in the date
process.

(See box on Alturas case (next page), which illugtrates some of these problems) It should be noted that
reszarch for this pgper d<o found reports of good cooperation between dates and federd agencies
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The Alturas 345 kV Intertie Project

This project demonstrates some reasons why potential developers of transmission facilities regard
gaining permits from affected federal agencies as one of the most difficult and frustrating aspects of
transmission siting.

The Alturas line is 163 miles long and runs between Reno, Nevada, and Alturas, California. About 20
miles of the line is in Nevada and the balance is in northern California. The line was needed primarily
to support reliability in the fast-growing area around Reno, and to enable the applicant, Sierra Pacific, to
gain access to low-cost hydro from the Pacific Northwest for the benefit of retail customers in both
Nevada and California.

The project was proposed to the Nevada Public Service Commission early in 1993 and the
Commission approved it in November [993. Sierra Pacific then turned to the other affected agencies:
the California Public Utilities Commission (CPUC), and several federal agencies [the Bureau of Land
Management (BLM), the U.S. Forest Service, the Bonneville Power Administration (BPA), and the U.S.
Fish and Wildlife Service (FWS)]. BLM became as the lead federal agency for the purposes of preparing
an environmental impact statement because it had the most affected acreage. The Forest Service had
two affected areas, three line miles in the Modoc National Forest in California, and eight line miles in
the Humboldt-Toiyabe National Forest in Nevada. The California Public Utilities Commission became
the lead agency for state environmental purposes.

In the spring of 1994 BLM and CPUC jointly hired a consulting firm to prepare an environmental
impact report (EIR) for the state and an environmental impact statement (EIS) for the federal agencies.
The applicant paid the cost of this work. The draft statements were issued for comment in March

1995. In the fall of 1995, the applicant believed that the comments received could be satisfactorily
addressed through several kinds of mitigating measures. BLM issued the final EIS in November 1995,
and approved its portion of the project in February 1996.The CPUC approved its portion of the line in
January of 1996. However, in February 1996 the manager of the Humboldt-Toiyabe National Forest
issued a “no action” decision, and argued that the EIS had been flawed because it had not addressed a
sufficiently wide range of alternatives, including the alternative of skirting the Humboldt-Toiyabe
National Forest entirely.

The applicant appealed this decision, first to the regional forest manager and then to the deputy chief
of the Forest Service.The appeal process took several months, and the results of the appeal were
inconclusive. In June 1996 the deputy chief ordered the “no action” decision withdrawn, but he also
directed the Humboldt-Toiyabe manager to obtain whatever information was needed to make a new
decision. This led to several months of dialogue between the applicant and the Humboldt-Toiyabe man-
ager, and the filing by the applicant of several hundred pages of additional information. The manager of
the Modoc National Forest, who had not issued a final decision on the portion of the route that would
cross the Modoc area, joined this dialogue.

However, the applicant found that the continuing uncertainty over the acceptability of the Humboldt-
Toiyabe route segment was making it difficult to gain required permits from local governments in
Nevada that would be needed for the construction phase of the project. These problems led the appli-
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cant to examine the option of an alternative route on private land around the Humboldt-Toiyabe
National Forest, even though this had several disadvantages. It would put the line into more developed
areas, and make it more visible to local residents. This alternative route was about the same length as
the initial route, but it was more costly because it would need more expensive towers in several loca-
tions, the right of way was more expensive, and additional legal costs would be involved. At length
Sierra Pacific decided to pursue the private-land route and withdrew its application to cross the
Humboldt-Toiyabe area in February 1997. Due to these route changes, the applicant had to go through
some local-level processes a second time in Nevada.

In April 1997, the manager of the Modoc National Forest issued a decision on the EIS, also denying the
applicant’s request for a permit. Sierra Pacific appealed this decision to the chief of the Forest Service
in May 1997, and this led eventually to the issuance of a permit in October 1997. However, several
other parties to the proceeding appealed this latter action. After review, the decision to issue the per-
mit was upheld in January 1998.

Construction of the project was begun in February 1998 and completed in December 1998.The appli-
cant estimates that the difficulties with the Forest Service delayed the project by at least two years and
led to additional costs of well over $20 million.

Addressing these concerns about federd agency reviews mug gart with arecognition that achangein priori-
tiesisrequired: goplicants dexrve atimdy, consgent, and subgantive reponse from the federa govern-
ment. For the same reason tha a“one-gop” dting process makes sense a the date and locd leve, federd
agencies should find away to participate cooperatively and congructivey in the overdl dting process This
may require additiond effort and resources from both the gpplicant and the agenciesto condder dternative
routes and solutions earlier in the process

Oneoption isto centrdize individua agency reponsesto transmisson proposas* Joecid gaff groups could
be created in the heedquarters of gppropriate federd agenciesto work jointly on reviewing tranamisson pro-
posas paticularly if effortsto improve coordination anong federd agenciesand to train and inform region-
a managers about the importance of the trangmisson grid do not achieve the desred reaults

Another option isto desgnate alead agency for caseswhere two or more federd agencies are affected, and
givetha agency juridiction over dl federd mattersaffected by the tranamision proposd. It would be diffi-
cult to gain broad support for this gpproach because it would require some federa agencies a times give
juridiction to another federd agency regarding land use within ther domains It isworth noting that this
goproach isnot usd in gting natura gas pipdines even though sting such linesiswholly under federd
juridiction.

A lessradicd verson of thisoption would be to make the FERC the lead agency for coordinating dl federa
reviews of proposed tranamisson facilities while goecifying that other affected federd agencieswould partici-
patein the reviews as cooperating agencies and would retain ther exiging authorities. Charging one agency
with overdl coordination of the process, egpecidly one dready experienced with environmenta and other

“See commentsto the DOE by the Electricity Consumers Alliance, discussed in the section “Improving the Exiging
SaeBasad Sting Process’ on page E-45.
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types of analydsof dectricity projects would hep to bring grester condsency and predictability to the fed-
erd review process Further, given FERC's other reponshilitiesin the dectricity area, it would have gronger
reesonsthan mog other agenciesto pressfor good coordination, and eventudly it would aso have regiona
tranamisson plansat itsdigposa to use in confirming whether a proposed trangmisson lineis needed.
Presumably, esablishing this gpproach would require federa legidation because of FERC's datus asan inde-
pendent regulatory agency.

Other measurestha do not interfere with agencies juridiction could be congdered, such as memoranda of
underganding and other commitmentsto complete project reviewsin atimey way. A gandard form or pro-
tocol could be developed to ensure that cooperative underdandings are in place without compromisng any

agency'sauthority.
Innovative siting practices

Not surprigngly, most gpplicants prefer to use Sting practicesthat have worked before. They beieve this
gpproach improvestheir chances of auccess and tha new gpproaches are risky. One reason for their caution
istha mounting atranamisson gting effort can be expengve, particularly if it isunsuccesful.*” Despite this
bias innovetive gpproachestha inves in early and more open planning and consder a more comprehensive
range of dternatives may produce better outcomes. D OE should condder funding demongration programs
inthisarea

Increasing transmission capacity of existing facilities

It isincreasngly well undergood that for some types of tranamisson sysem needs adding generation
resourcesin the load center can increese trander cgpacity. In addition, new technologies such as gaic var
compensators can give operators more control over grid flows and lead to areduction in the amount of
capacity tha mug be reserved for “N-1" contingencies® D OE could focus resources on demondrating tech-
nologica optionsthat are available but not in common practice, such asFACTS, high-voltage direct current
(HVDC), and high-temperature superconductivity (HTS), which would increase the trander capacity of
exiging facilities®

Identifying "best practices” for reviewing agencies

DOE could work with appropriate sate-basad organizations® to identify “begt practices’ for congderation
by trangmisson dting authorities Thetopicsto be addressed could indude

“See the section “Detription of the Tranamission Sting Process” on page E-3, for detailson atransmisson project
that Florida Power abandoned after more than a decade of efort and expenditures of $23 million.

“An N-1 Contingency refersto the practice of assuring that the transmisson sysem can withstand the changein
power flows resulting from the sudden loss of any eement on the sysem.

“FACT S devices are ophidicated solid-gate dectronic switchesthat alow operaorsto control flow on certain power
lines HVDC linesdo not operate synchronoudy with the AC grid but can move large amounts of power over great dis
tanceswith dmog no losses HT S can a0 move large amounts of power with admog no loses thistechnology isunder
devdopment. See Issue Pgper Advanoad Transmisson Techndogesby J. Hauer, T. Overbye J Dagle and S Widergren.
“Pgticipation by organizations such asthe Nationa Governors Asociaion, the Western Governors Asociation, and
the Nationad Asociation of Regulatory Utility Commissonerswould be important to the success of such a project.
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e Open planning;

*  Trestment of dternaives

» Criteriafor project goprova, induding determination of need;

*  Maximum timelimits

e Srategic usk of undergrounding;

e Innovative eesament agreements

* Useof mitigating measures,

» Edimating probable cog/bendfit implicationsfor affected jurigdictions and
» Devdopment of modd rulesand decison criteria

The Tennesse Vdley Authority and the federd power marketing adminigrationswith active tranamisson gt-
ing repongbilities could d<o participate in this project and adopt the resulting practices

Guidelines for applicants

Thefederd government hasagreat capacity to provide leedership as can be ssen in many energy-rdaed aress

For example, the Federd Energy Management Program of D OE isworking to make federd buildings energy
efident, not only as good management practicesfor those buildings but as to st an example Regarding
trangmisson dting, DOE could work with gate agendes* and indugry organizations? to develop guiddines

that would ad gpplicantsin sscuring timey approva for proposed new transmisson or grid-rdated projects This
project to devdop guiddineswould consder much the same subject matter asthe preceding one focused on “bet
practices’ but from the gpplicant's perpective The Tennessee Vdley Authority and the federd power marketing
adminidraionswith active tranamisson Sting reponghilities could d<o contribute to the success of this project.

Innovative regulatory methods

Invesor-owned utilities high-voltage tranamisson sysems are under FERC's rae-making jurigdiction.®
Many utilities bdieve that rae-making incentivesto build new tranamisson fadilitiesare not adequate and
have proposed increasng the return on invesment dlowed in trangmisson rates Thereisdso concern that
trangmisson pricing should better reflect sysem economics and power flows Addressng these proposasin
detall isoutsde the scope of this paper, but some comments about dternative gpproaches are rdevant in the
context of improving sting processes.

51See previous footnote.

%20rganizations auch asthe Edison Electric Ingitute, the American Public Power Asociation, the Nationd Rurd
Electric Cooperative Asociation, and the Electric Power Supply Association could provide vauable assigancein the
desgn and implementation of such aproject.

®Thisistrue everywherein the contiguous United Sates except Texas

#See the |ssue Paper Alternative BusnesMaddsfar Trangmisson Invetment and Opaation by S Oren, G. Gross and F
Alvardo addressesthe return on equity issue. Generdly, performance-based rate making for tranamisson service offers
the progpect of improving utility incentives by bringing them into better dignment with the public interes.
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Utilities incentives are clearly driven by the regulaionstha define their revenue gream. Volumetric trans
misson retes promote increased volume on the grid, and utilitiesrespond in alogica way by increasng
throughput on their sygsems In some cases, congestion or rdiability problems ensue, leading to calsfor
additiond capacity. An dternative gpproach would be to compensate utilitiesfarly (a whatever rate of
return on equity regulators choose) for the use of ther fadilities regardless of throughput. Each utility would
haveitstrangmisson rates st to recover its cogs plusthe return and would be subject to periodic rate
adjugmentsto true up any divergence between expected revenue and actud results Performance incentives
for rdiability and service could be incorporated into the sysem.

Under thisregulatory dternative, a tranamisson-owning utility has no undue biastoward growth in assts
Invesmentstha may promote more efficient use of exiging facilitiesand avoid the need for new facilities
may be more vigoroudy pursued, which may dign corporae incentives more closdly with the public interest.
FERC could actively invite utilitiesto experiment with thisform of regulation for adefined period of time.
DOE could work with FERC to deveop the plan.

Another areawhere FERC activities could be very hepful to tranamisson dtingisin RTO devdopment. An
RTO can become an unbiased source of accurate, publicly tested regiona planning information that can
hep sting authorities evduate and vaidate the need for avariety of grid-rdated invesments An RTO can
aso provide indght about the gppropriate dlocation of the cogs of interdae projects and about how trans
misson services should be priced in order to provide accurate economic sgnasfor grid-rdated invesments

Summary and Conclusions

Sting dectric trangmisson linesis currently a gae repongbility.® Each gate hasthe option to addresstrans
misson sting in itsown laws and mog have done s0. In mogt gates gpplicants must demondrate that pro-
posed fadilities are needed, and a gate sting authority mug confirm that congruction of the facilitieswould
srvethe public interes. If afadility would cross gae lines gpprova isneeded from each Sate affected.
Additiond approvasarerequired from federd agenciesif the line would crossfederaly owned or controlled
lands, and consent from Native American tribesisneeded to crosstribd lands The public process for
reviewing and gpproving the sting of proposed tranamisson facilitiesis unavoidably difficult and complex
because it entalsfitting long-lived and highly visble sructuresinto physca surroundingswhere land is
dready in usefor other purposes Thisisepecdly true for tranamisson projectsthat are large in geographic
scde because they tend to require approvas from many affected jurisdictions

During the pagt decade, mog smdl-scde, intragate tranamisson proposals have been approved without
maor delay or controversy. Dday and controversy have been more common in larger, interdate projects
however, goprova has been obtained eventudly in mogt casssif the applicant has been persgent and pre-
sented dternaive proposals Some partiesbeieve that thisrecord ismideading, and sugges that some or
even many gpplicants have refrained from proposng large-scae, multigate trangmisson projects It isdiffi-
cult to verify the extent of such withholding, but there has been agriking digparity during the pagt decade

SWith the exception of the federd power marketing adminidrations and the Tennessee Vdley Authority, which have
ther own gting authorities
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between the levd of new invesment in generation and the leve of new invesment in trangmisson. Thisdis
parity suggeststhat some mgor tranamision projects may indeed have been withhdd and may not be jus
the result of excess capacity built in prior decades (though Sting authorities should guard againg the
prospect of accderated condruction producing anew generaion of sranded utility cogs).

There are saverd possble reasons for withholding of proposas

* Regiond-scdetrangmisson planning haslagged behind the development of regiond-scae
bulk power markets It may be that the economic feadbility of some multigate projectsis
only now becoming gpparent. The pendtiesto companies or invesorswho migudge the
economics of such projects can be svere.

e Thetrangmisson sector of theindugry isin the midg of afundamentd reorganization.
Many companies have not known whether they will remain in the trangmisson busness or
what the ruleswill bethat will determine the rate of return on new trangmisson inves-
ments It isreasonable to assume that some companieswill not present new proposds until
these uncertainties are resolved.

e Thepresnt date-based trangmision dting processisdifficult a bes, particularly for large-
sde projects

Given these congderations it isundersandable that there is dissgreement between those who think that the
exiging gting regime is bascaly sound but nesdsimprovement, and those who bdieve that fundamenta
reforms are nesded.

Problem Areas in the Existing Regime

Approva of aproposed trangmisson project isthe culmination of along and complex processthat can go
awry for many reasons In addition, the trandtion to regiond bulk power markets may raise sgnificant new
difficultiesrdated to tranamission sting. Some of the principa problem aress are:

Need for regional-scale transmission planning

Although some regiond plans have been developed, many aress of the nation do not have regiond plans
and some of the plansthat have been prepared are very incomplete (see the Issue Paper Trangmisson
Planning and theNed for New Capadty by E. Hird and B. Kirby). Thereisan urgent need for regiona
tranamisson plansthat after public review will confirm to prospective gpplicants and reviewing agenciesthat
goecific regiond trangmisson needs have been identified and ranked according to priority. Regiond trans
misson planning isone of severd critica functionstha regiond tranamisson organizations (RTOs) would
perform, asenvisoned by FERC.

Possible need for interim transmission plans

Rather than wait for RTOsto beformed and regiona tranamisson plansto be devdoped by them, asan
interim measure it might be ussful for DOE and FERC to identify key bottlenecks and for the FERC to task
adminidrative law judgesto work with appropriate partiesin the bottleneck areasto devdop interim trans
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misson plans A possble benefit of such plansisthat they would probably flag someimportant issues affect-
ing groups of gates and thushdp to sour the formation of cooperative regiond ingitutions

Need for transparent planning and systematic consideration of alternatives by applicants

To win gpprovd, atranamisson proposa should be developed through a process open to participation by al
intereged partiesand with sysematic attention to abroad range of dternaives

Need for coordination, consistency, and timeliness of federal agency reviews

Applicants and other partiescite four kinds of problemswith federa agency reviews of tranamisson gting
proposas

1. Locd or regiond officidswithin an agency are sometimesinconsgent in ther reviews of
trangmisson projects

2. If two or more federa agencies are reviewing a project, communication and coordination
between/among them are sometimesinadequate.

3. Review of trangmisson proposasis sometimes given little priority in comparison to the
primary misson of the agency.

4. Federd agencies ometimeswait to conduct ther reviews until date reviews are completed
and afind route hasbeen proposed. Thisintroducestherisk that afederd agency may
require aroute change, leading to another time- and cog-consuming iteration in the date-
levd process

Need for coordination and development of a common review process

All gate agencieswith review responshbilities reevant federd agencies and tribd authoritieswithin aregion
should use a common review process and coordinate reviews of tranamisson dting proposds Inadequate
coordination and cooperaion among reviewing agencies (and the gpplicant) can dgnificantly hinder the gt-
ing process and may lead to rejection of a project by one or more agencies®

Need to regulate the time allowed for reviews

Many corporate partiesto the transmisson sting process assart that the unpredictable timing of typica
date-basad sting processes contributes sgnificantly to the uncertainty hindering key busness decisonsin
the transmisson sector today. Many partiesfavor date and/or federd legidation setting fixed time limits
(eg., 12-18 monthg) for reviews Projects not acted upon within the time period would be approved by
default. The success of this gpproach would depend to a dgnificant extent on the filing of a complete gopli-
cation at the outsst, and affected agencieswould probably enforce “completeness’ very grictly.

SExamplesindude AEP s 765-kV linein Virginiaand Wes Virginia, and the Cross Sound Connector project betwean Long
Idand, New York, and Connecticut, both of which are described abovein the ssction “Assessment of Current Sting Regime”
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Potential disagreement between states over definition of "need”

One ga€sdefinition of “nead” for new transmission capacity may include trangmission to enable additiona
dectricity commerce; aneighboring sate may limit "need" to tranamisson needed to maintain rdiability.

Potential disagreement between states over whether a particular facility is needed

Even if two daes haveidentica definitions of need, they may gill not agree that a proposed facility isthe
bes dternative for meeting a goecific requirement.

Potential disagreement between states over distribution of costs and benefits

An interdate project may fail to win dl required goprovas unlessthe affected gates come to agreement
about the digribution of the facility's cogs and benefits A key dement of disagreement may bethetime
horizon over which benefits and cod's are assesed.

Need for regional institutions to facilitate the siting process for interstate projects

Thewesern dates have had extensve experience with dting interdate tranamisson projects and an inditu-
tiond framework isevolving under the auspices of the Western Governors Asociaion® to ad the datesin
deding with such projects In the eegern U.S,, however, interdate projects have been lessfrequent, and, for
the mog part, comparable ingitutiond frameworksremain to be deve oped.

Options for Improving the Transmission Siting Process

The recent debate over whether to make afederd agency, mog likdy FERC, repongble to some degree for
gting mgor new tranamisson fadilities has been hedthy and useful though sometimes acrimonious It has
put dl partieson notice that this process mus work—it mug lead to atimely determination by gppropriate
government agencdies regarding whether proposed fadilities are needed and to the gpprova of routesor Stes
for neaded fadilities The debate has dso provided impetus for a searching examination of options for
improving the process Many of these optionsare lised beow.

Options for individual states
1. Promote or require an open, trangparent transmission planning process
2. Require project gpplicationsto address a broad range of dternatives

3. Review and if gppropriate darify or update criteriafor goprova; condder whether the
requirements of commerce should be recognized explicitly in determining “need” for trans
misson capacity.

5 The Wesern Interdate Energy Board, which isthe energy am of the Wesern Governors Asociation, and the
Wesern Conference of Public Service Commissons acted jointly in 1984 to creste the Committee on Regiona Electric
Power Cooperation (CREPC). CREPC hasrepresentation from the regulatory commissons energy agencies and
fecility-dting agenciesin the 11 gates and two Canadian provincesin the Wesern Interconnection. Through CREPC,
the western gates have begun negotiationsto establish acommon interdate tranamisson-gting protocol.
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4. If necessry, modify date law to enable Sting authoritiesto take account of out-of-gate
benefits when assesdng the merits of atrangmisson sting propos.

5. Adopt a“one-gop” Sting process Locd and county governments could use zoning to direct
utility facilitiesto preferred locations but they would lose the ability to rgect aproject.
Sate reviewswould be consolidated in the gting authority.

6. St amaximum timelimit (eg., 12 or 18 months) for reviews by date or locd agencies

7. Sate dearly what maerids mug beincluded in an gpplication, and refuseto initiate a
review until an gpplication iscomplete

8. Promote use by applicants of both determinigic and probabiligic planning methods

9. Promote more consgent use of “rolled-in™" and “cos causation” approachesto recovering
the cogt of new grid-rdated invetments to minimize ether favoring or disadvantaging par-
ticular technologicd dternatives

10. Promote innovetive gpproachesto meseting trangmisson grid neads

11. Emphadze to progpective gpplicantsthat undue minimization of trangmisson project cogs
can be Hf-defeating.

Regional options

All of the gate-levd optionsliged above have regiond dgnificance; that is if they were conddered and
goplied by dl gatesin agiven region, the reult would probably be greater regiona consgency and efficacy
in gting policiesand practices. The options beow focus on devdlopment of regiond inditutionsthat could,
among other objectives promote such conggency and efficacy. Saes federa land management agencies,
and Native American tribes should congder the following options

1. Support and participate in open, trangparent regiond transmission planning.

2. Promotethe devdlopment of cooperative regiond transmisson sting ingitutionsthat would
have two key missons

(@ Devdop dementsof acommon sting process, ussble by mog and if possible dl review-
ing agencies and

(b) Maintain parald processes among reviewing agencies utilizing condgent information,
identifying information gaps or possble points of disagreement early, and ensuring that
these are addressad by a scheduled cdendar date.

3. Agreethat if an agency falsto completeitsreview by ascheduled caendar date, the appli-
caion isapproved by default.

4. Condder whether aregiond organization with decison-making powers should be esab-
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lished to address some energy regulatory matterson aregiond bass (i.e, overdght of sygem
planning, sting and permitting, rete regulation, or other matters).

Federal options
Mog of the optionsliged above could be aided through pecific federd actions induding:

1. Egablish broad federd support for open, trangparent regiona-scale planning to address gen-
eration requirements generation Sting condderations transmision requirements and rela-
ed isues

2. Asan interim measure while waiting for RTOsto be formed and regiond trangmisson
plansto be prepared by them, DOE and FERC could act jointly to identify key trangamis
son bottlenecks and FERC could task adminidrative law judgesto work with appropriate
partiesin each bottleneck areato prepare an interim trangmisson plan by a ecific date

3. Improvethe processfor the review of tranamisson dting proposas by federd land manage-
ment agencies Severd sub-options could be implemented by a Presdentid executive order:

(a) Direct federd land managers and other relevant agenciesto support and participatein
common and coordinated gate or regiona processes for timely review of proposasfor
new trangmisson facilities requiring federa gpproval.

(b) Requiredl federd reviewsto be completed within 18 months after the filing of a com-
plete application. Applications not acted upon within 18 monthswould be approved by
default.

() Egablish training programson the nationa sgnificance of the tranamisson gridsand
rdaed issues and make these programs mandatory for federd officids authorized to
gpprove or rgect trangmisson gting proposas

(d) Creaste specid gaf groupsin the headquarters of gopropriae federd agenciesto work
jointly to prepare consolidated, multi-agency reviews of proposed trangmisson projects

(e) Direct that if two or more agencies have jurigdiction over a proposed trangmision proj-
ect, the Office of Management and Budget shal desgnate one of them asthe lead
agency, repongble for coordinating the preparation of atimely joint review of the pro-
pos. (Note An dternativeto thisarrangement would beto enact federd legidation
making FERC respongble for coordination of &l federd reviews of tranamisson proj-
ects asdexcribed below)

4. Sk federd legidation tha would:

(8 Direct the Scretary (DOE) or FERC to initiate arulemaking to etablish criteriafor
theidentification of tranamission bottlenecks (or projectsto ease such bottlenecks) of
nationa or regiona importance
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(b) Affirm that for projects desgnated to be of nationd or regiona importance, an appli-
cant would have theright to petition FERC to assume a backsop rolein the event that
adateor tribd reviewing agency doesnot act to approve or deny the project within 18
months after thefiling of a complete gpplication. (A gronger but more controversd
and less predictable formulation would be to empower gpplicantsto petition FERC
when adate, tribd, or federa reviewing agency actsin the dlotted time but rgjectsthe
application. “Forum shopping” could become a sgnificant problem if gpplicants could
adwaysturn to FERC for a second opinion. If thisverson were adopted, itemsc and d
below would have to be modified for congsency.)

(0 Empower FERC to dedine a petition for cause, and limit FERC’sroleto srving asa
backgop for the agency tha hasnot acted, without affecting the actions or reponshili-
tiesof other reviewing agencies

(d) Direct that FERC shdl be thelead agency for coordinaing dl reviews of proposed
trangmisson facilitiesby federd agencies that other affected federd agencies shdl par-
ticipate as cooperating agencies, and that the cooperating agencieswill retain ther exig-
ing authoritieswith regpect to the issuance of permitsfor lines crosing lands under
their jurisdiction.

5 UndetakeaDOE projett, jointly with NGA, WGA, NARUC, and other gppropriate date-
based organizationsto articulate a set of “bes practices’ rdated to tranamission dting for
condderation by dl dates

6. UndertakeaDOE project, jointly with appropriate date agency organizations and indugry
trade associations to articulate a st of guiddinesfor applicants desgned to increase the
likelihood of approva of proposed new trangmisson or grid-rdaed projects

7. Undertake a DOE demondration program to support goplicantsin taking innovetive
goproachesto trangmisson sting proposas (eg., treetment of dternatives use of innovative
or little-usad technologies imaginative use of mitigating measures, &c.).

8. Undertake aDOE demondration program to support the use of new or under-used meth-
ods and technologiesfor increasng the trangmisson capacity of exiging fadilities

9. Support FERC €ffortsto improve the incentives of trangmisson-owning companies and
other potentia developers of new transmisson cgpecity or other grid-rdated projects
through performance-basad regulation.
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Introduction

This paper discusses the use of advanced technologiesto enhance performance of the nationa tranamisson
grid (NTG). We address present and deveoping technologiesthat have great potentid for improving ecific
agpectsof NTG performance, drategic impedimentsto the practicad use of these technologies and waysto
overcome these impedimentsin the near term.

Research and devdopment (R& D) infragtructure serving power tranamisson isas badly sressed asthe grid
itdf, for many of the same reasons The neads areimmediate, and the immediate dternatives are few.
Timdy and drategicdly effective technology reinforcementsto the NTG need direct, proactive federd
involvement to catayze planning and execution. Longer-term adjugmentsto the R& D infragructure may
a0 be neaded, in part energy policy can evolve asthe NTG evolves

Technology and a coordinated nationd effort are only two of the eements necessary for timely resolution of
the problemsfacing the nationa energy sysem. Sugtainable solutions require careful balancing between gen-
eration and trangmisson, profit and risk, therolesof public and private inditutions and market forces and
the publicinterest. Thereisavag body of information and opinion on theseissues A recent white paper by
EPRI (formerly known asthe Electric Power Ressarch Ingitute) clearly lays out the broad issuesand a com-
prehensve inventory of technology options for enhancing the grid, including detailed assessments of ther
direct cogsand bendfits Titled "The Wesern Sates Power Crigs Imperatives and Opportunities” (EPRI
2001), thisdocument notesthat “...the present power crisas—mog evident in the Western sates but poten-
tidly anationd problem—requires afundamenta reassessment of the critica interactive role of technology
and policy in both infragtructure and markets' (EPRI 2001). Smilar assssaments of needs and solutions
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many of which arrive a amilar condusons are found in a series of gudies extending back to 1980 (DOE
1980). A widdy shared view concerning the urgency of technology solutionsisprovided in Scherer 1999.

The drategic need isnot jug for new technology in the laboratory but for an infuson of improved, cog-
effective technology to work in the power sysem. The chief impedimentsto infuson are inditutiond and
can be resolved by a proactive nationd consensusregarding ingitutiond roles Until thisconsensusis
achieved, the lack of coheson between technology and policy may be disruptive for continued devel opment
of the NTG and theinfragructuresthat it srves

Thisisue pagper discusesthe use of new technologiesto enhance the performance of the NTG, asfollows
e Background on power sysem operation in generd and the gecificsof the NTG.

e Thenew demands being placed on the NTG and outlinesthe technology needed to address
these demands

e Theimpact of exiging ingitutiond frameworks on the application of new technology to
the tranamisson grid.

e Thedraegic chdlengesthat can be addressed through accderated use of sdected new tech-
nologies

e Theinditutiond issues asociaed with moving new technology from the research laborato-
ry to deployment in the grid.

A ammary of some of the optionsdiscussad in the paper.

* Appendix A isan extengve (though not exhaudive) lig of new technologiestha could be
goplied tothe NTG.

Background

Thetrangtion to open dectricd energy marketsis sressng the NTG beyond itsdesgn capabilities Less
congpicuoudy, thistrangtion isds gresing the management infragructure by which tranamisson facilities
are planned, developed, and operated. Sressss on thisinfragtructure are amajor grategic impediment to the
focused devdopment and timely deployment of technica solutionsto shortfdlsin nationd grid capacity.
The subsections bdow give some tranamision sysem background that is necessary to undersand these tech-
nologica isues

Power System Components and Reciprocal Impacts

The power sygsem hasthree components generation, load, and trangmisson. Electric power isproduced by
generators, consumed by loads and tranamitted from generatorsto loads by the tranamisson sysem.
Typicdly, the “trangmisson sygem” (or “the grid”) refersto the high-voltage, networked sysem of trangmis
gon linesand trandormers The lower-voltage, radid linesand trandormersthat actudly serve load are
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referred to asthe “digribution sysem.” The voltage difference between the tranamisson sysem and the dis
tribution system varies from utility to utility; 100 kV isatypica vdue. This paper focuses only on advanced
technologies for the trangmisson sysem.

It isimportant to underdand reciprocad impacts anong the transmisson sysem, load, and generation.
Because the tranamisson sygem’sjob isto move dectric power from generation to load, any technologies
that change or redigribute generation and/or load will have adirect impact on the trangmisson sygem. This
can beillugrated usng asmple two-bus two-generator example shown in one-lineform in Figure 1. The
s0lid linesrepresent the buses the circlesrepresent the generators, and the large arrow representsthe aggre-
gateload a bus?2. Threetrangmisson linesjoin the generator & bus1 to theload and generation a bus 2.
Quperimposead on the trangmission lines are arrows whose Szes are proportiond to the flow of power on the
lines The pie chartsfor each lineindicate the rdation between the loading on eech line and itsrated capaci-
ty. The upper and middle transmisson lineshave arating of 150 MVA, and the lower line hasarating of
200 MVA. In addition, we assume that the bus 1 generation is more economical than the generation a bus
2, and the entireload isbeing supplied remotey from the bus 1 generator. With abus 2 load of 420 MW,
the power digributesamong the three lines based on their impedances (which are not identicdl), 0 the
uppe lineisloaded a 67 percent, the middle a 89 percent, and the lower & 100 percent. Note there are
13 MW of trangmisson linelosesin thiscase

Figure 1: Two-BusExamplewith No Lacal Generation Transfer Capacity

100 MW  Bus 1 A naturd quedtion to ak
is wha isthetrander
capacity of thetranamis
son sygdem described in
Foure 1?That is how
much power can betrans
ferred from bus1 to bus2?
The answer isfar from

&578

e B e 1 L R R e B

133 MW

423 T

87 ME ?29 MA
Bus 2

400 graghtforward. At firg
gance thetrander capeci-
) 420 of ty appearsto be 420 MW

0. o ' because this amount of
OFF RAGC power causesthefird line

to reach itslimit. However,

thisanswer isbased on the
assumption that dl linesarein service. Asddfined by the North American Electric Rdiability Coundil
(NERC), trander cgpacity includes consderation of rdiability. A typica rdiability criterion istha a sygem
be able to withgand the unexpected outage of any Sngle sygtem dement; thisisknown asthefirs contin-
gency totd trander cgpability (FCTTC). Based on thiscriterion, Figure 2 showsthe limiting case with an
assumed contingency on the lower line, which reaultsin atrander cagpability of only 252 MW. Which num-
ber iscorrect?
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Figure 2: Two-BusExamplewith Limiting Contingancy The ansver dependson
sysem operaiond philoso-
AL M Bus:d phy and on the availability
of high-gpeed sysem con-
trols If the operationd
philosophy requiresthat no
load beinvoluntarily lost
following any individud

1068 MW
contingency, and if there
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quickly increase the genera

_ tion a bus 2, voluntarily
_ 282 . offeaw decrease the load at bus 2,
o . ojjeat or redigribute the flow
OFF AGC

between the remaining
uppe two lines then the
limit would be 252 MW. With these limitations the only way to increase the trander cgpacity would beto
congruct new lines

However, if werdax one or more of these conditions the trandfer cgpacity could be increased without con-
gruction of new lines For example, one gpproach would be to provide at least some of the bus 2 load with
incentives 0 that, following the contingency, some cusomerson bus 2 would voluntarily curtall ther loads
Incentives might involve price-feedback mechaniamsor agreementsto alow the sysem operator to curtail
load through some type of direct-control load management or interruptible demand. Another gpproach
would be to have a mechanism for quickly committing some loca bus 2 generation. Availability of loca gen-
eration reducesthe net loading on the tranamisson sysem and can increase its capacity. A third gpproach
would beto use advanced power dectronics controls such asflexible AC tranamisson sysem (FACTS)
devicesto baance the load between the upper two lines

The unifying themes of these dternative agpproaches are knowledge about the red-time operation of the sys:
tem, availability of effective controls and an information infrastructure that permits effective use of the con-
trols To undergand these themes it isimportant to undergand the complexity of the actud nationd
trangmisson grid.

Complexity of the National Transmission Grid

Theterm “nationd tranamisson grid” is something of amisnomer. The North American tranamisson grid
actudly consgsof four large grids each primarily a synchronous dternating current (AC) sygem. Together,
these four grids gpan parts of three sovereign countries (U.S,, Canada, and Mexico). By far the largest grid is
the Eagern Interconnection, which supplies power to mog of the U.S. ead of the Rocky Mountains aswell
asto dl the Canadian provinces except British Columbia, Alberta, and Quebec. The Western
Interconnection suppliesmog of the U.S wed of the Rockies aswdl as British Columbia, Alberta, and a
portion of Bga, Cdifornia The remaining two grids are the Electric Rdiability Council of Texas (ERCOT),
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which covers mog of Texas, and the province of Quebec. In contrad to the two-bus example presented
above, the Eagtern and the Western Interconnections contain tens of thousands of high-voltage buses and
many thousands of individud generators and loads Because the individud grids are asynchronous with one
another, no power can be tranderred among them except in amdl amountsthrough afew back-to-back
direct current (DC) links Severd mgor DC tranamisson linesare d <o used within the individua gridsfor
long-digance power trander.

At any given time the loading on the grid depends on where power isbeing generated and consumed. Load
iscontrolled by millions of individud cusomers 0 it varies continuoudy. Because dectricity cannot be
reedily dored, generation mug a<o vary continuoudy to track load changes In addition, the impedances of
the many thousands of individua tranamission linesand trandormersdictate grid loading. With severd
notable exceptions thereisno way to directly control thisflow—eectronsflow asdictated by the laws of
physcs Because dectricity propagates through the network very rapidly, power can be tranderred dmogt
ingantaneoudy (within ssconds) from one end of the grid to the other. In generd, thisinterconnectivity
makes grid operationsrobug and rdiable. However, it dso hasaderimentd effect if the grid fals faluresin
onelocation can quickly affect the entire sysem in complex and dramatic ways, and large-scae blackouts
may result.

The grid's ability to trandfer power isregricted by therma flow limitson individua trangmisson linesand
trandormers minimum and maximum limits on acceptable bus-voltage magnitudes, and region-wide tran-
sent, oxtillatory, and voltage-gability limitations Given NERC'srdiability requirements, these limits mugt
be conddered not only for current and actua sysem operating point but aso for alarge number of gatidi-
cdly likely contingent conditions aswell. The complexity of maximizing the power trander cgpability of the
orid while avoiding gressng it to the point of collgpse cannot be overgated.

Technologies to Increase Transfer Capacity

The god of thisissue paper isto examine technologiesthat can be usad to increase the grid's power-trandfer
capability. Thisincrease can be achieved by a combination of direct technica reinforcementsto the grid itsdlf
dong with indirect information and control reinforcementsthat improve grid management practices and
infragtructure.

Direct reinforcement of the grid includes new congruction and broad use of improved hardware technology.
Srategic decisons regarding these two types of improvements are afunction of grid management—plan-
ning, devdlopment, and operation. Grid management involves recognizing transmisson needs assessing
optionsfor meeting those neads and baancing new tranamisson assets and new operating methods Timdy
devdopment and deployment of requidte technology are essntid to reinforcing the grid. Requigte technol-
ogy may not mean new technology. There isamassve backlog of prototype technology that can, given
means and incentives, be adapted to power sysem applications

Indirect grid renforcement includesimproving grid management by means of technology. Higoricdly, the
tranamision sysem was operated with very little red-time information about its sae. During the pas few
decades, advancesin computer and communication technology in generd and SCADA (supervisory control
and data acquigtion) and EM S (energy management sysem) technology in particular have greatly improved
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data capabilities Sgnificant red-time data are now avalablein dmog every control center, and many cen-
terscan conduct advanced on-line grid andyds D espite these improvements more can and should be done.
In the control center, additiona data need to be collected, better dgorithmsneed to be developed for deter-
mining sysem operationd limits and better visudization methods are needed to present thisinformation to
operators Beyond the control center, additiond sysem information neadsto be presented to dl market par-
ticipants 0 that they can make better-informed decisons about generation, load, and tranamision sysem
invegments

Institutional Issues that Affect Technology Deployment

In order to effectively discussthe role of advanced trangmisson technologies we have to consder how ther
deployment isether hindered or encouraged by inditutiond issues Ultimatdy, the bottom line is econom-
ics—technologiesthat are viewed as cogt effective will be used, and those that are consdered too cogly will
not. Theisue of cog isnot smple public policy mug address how cogs and benefits should be dlocated.
For example, it isdifficult to beat the economics of traditiona overhead transmisson linesfor bulk power
trander. Thelinesare chegp to build and entall rdativey few ongoing expenses But the gting of new trans
misson linesisnot 0 Smple right of way may be difficult to obtain, and new lines may face Sgnificant
public oppodtion for avariety of reasonsfrom aesthetic to environmentd (for adetaled discusson, se lsue
Paper Trangmisson Stingand Pamitting by D. Mayer and R. Sedano.) Advanced technologies can reinforce
the grid, minimizing the need for new overhead lines but usudly a higher cog than would be paid to build
overhead lines The chalengeisto provide incentivesthat will encourage the desired trangmisson inves-
ments

Unfortunatdy, in recent yearsthe uncertainties associated with dectricity indugry retructuring have ham-
pered progressin tranamisson reinforcement. The boundaries between responsbilities for operation and
planning were once dearly ddinested, but these reponghilities are now shifting to resructured or entirdy
new trangmisson organizations This processisfar from complete and has greetly weekened the essntid dia
logue between technology developers and users Deveopment of new technology mug be dosdy linked to
itsactua deployment for operationa use Together, these activities should reflect, serve, and keep pace with
the evolving infragructure needs of trangmisson organizations The current uncertainty discouragesthis
cohesveness

The dedlsand the needs of the evolving infragructure for grid management are undear, and dl partiesare
undergandably averse to invesmentsthat may not be promptly and directly beneficid. Some utilities are con-
cerned that trangmisson invesments may be of greater bendfit to ther competitorsthan to themsdves In the
near term, rdief of congesion may actudly harm their busnesses Asareault of such forces many promisng
technologies are dranded at various pointsin route from concept to practicd use Induded are large-scde
devicesfor routing power flow on the grid, advanced information sysemsto observe and asessgrid behavior,
redl-time operating tools for enhanced management of grid asssts and new sysem planning methodstha are
robug in rdaion to the many uncertaintiesthat are present or are emerging in the new power sygem.

Another important issueisthat some technologiestha would enable hedthy and rdiable energy commerce
are not percaived as profitable enough to atract the interest of commercid developers Specid meansare
needed to develop and deploy these technologiesfor the public good. Involvement by the federd utilities
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and nationd laboratories may be necessry for timely progressin thisarea, aswell as a broadening of some
activitiesof EPRI or smilar umbrdla organizationsfocused on energy R& D dong with development of bet-
ter mechaniamsto sour entrepreneurid innovation.

New Demands on the Transmission Grid

The core objective underlying dectricity indugry retructuring isto provide consumerswith aricher menu
of potentid energy providers while maintaining reliable ddivery. Resructuring envisonsthe trangmisson
grid asflexible, rdiable, and open to dl exchanges no matter where the suppliers and consumers of energy
are located.

However, neither the exiging tranamission grid nor its current management infrastructure can fully support
auch diverse and open exchange Transactionsthat are highly dedrable from a market gandpoint may be quite
different from the transactionsfor which the tranamisson grid was desgned and may gressthe limitsof ssfe
operaion. Therisksthey pose may not be recognized in timeto avert mgor sygem emergencies and, when
emergendies occur, they may be of unexpected typesthat are difficult to manage without loss of cusomer load.

Thetransmisson sygem was origindly congructed to meet the needs of verticdly integrated utilities moving
power from alocd utility's generdtion to itscusomers Interconnections between utilitieswere primarily to
reduce operating codsand enhance rdiability. That is if autility unexpectedly los agenerator, it could tem-
porarily rely on its neighboring utilities reducng the cogts assodiated with having sufficient reserve generdion
reedily avallable The grid was not desgned to accommodate large, long-disance tranders of dectric power.

One of the key problemsin managing long-digance power trandersisan effect known as*“loop flow.” Loop
flow arises because of the transmisson sysem’s uncontrollable nature. As power moves from sdler to buyer,
it doesnot follow any prearranged “contract path.” Rather, power oreads (or loops) throughout the net-
work. Asan example, Figure 3 shows how atranamision of power from a utility in Wisconsn to the
Tennessee Vdley Authority (TVA) would affect linesthrough alarge portion of the Eagern Interconnection.
A color contour shows the percentage of the trander that would flow on each line lines carrying  lesst two
percent of the trander are contoured. Asthisfigure makes dear, asngle transaction can sgnificantly impact
the flows on hundreds of different lines

The problem with loop flow isthat, as hundreds or thousands of Smultaneous transactions are imposd
upon the tranamisson sysem, mutud interference develops, producing congestion. Mitigating congegtion is
technicdly difficult, and very complex problems emerge when paths are long enough to span severd regions
that have not had to coordinate auch operationsin the pagt. These problemsinclude (but are not limited to)
thelack of: effective procedures, operating experience, computer modds, and integrated data resources The
sheer volume of data and information concerning sysem conditions transactions and eventsis overwhem-
ing the exiging grid management’s technology infragructure.

Increasing the trander capacity of the NTG will require combined gpplication of hardware and information
technologies On the hardware Sde, many technologies can be developed, refined, or Smply ingdled to
directly reinforce current trangmisson cgpabilities These technologies range from pasive reinforcements
(such asnew AC linesbuilt on new rights of way or better use of exiging AC rights of way by means of
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innovative device configurations and materids) to super-conducting equipment to large-scale devices for
routing grid power flow. High-voltage direct current (HVDC) and FACT Stechnologies gopear epecidly
atractive for flow control. Effectively deployed and operated, such technologies can be of gregt vduein
extending grid capabilitiesand minimizing the nead for congruction of new tranamisson.

The drategic imperative, however, isto deveop better information resourcesfor dl agpects of grid manage-
ment—planning, devedlopment, and operation. Technologies such aslargescde FACT S generdly require the
support of awide-area measurement sysem (WAM S), which currently exigs only asa prototype. Without a
WAMS, aFACTSor any mgor control sysem technology cannot be adjugted to ddiver itsfull vdue and, in
extreme cases, may interact adversdy with other equipment. FACT Stechnology can provide trangmisson
“mustlé’ but not necessarily the “intdligence’ for applying it.

An example of the information that aWAM S can provide isshown in Figure 4. Review of data collected on
the Bonneville Power Adminigration (BPA) WAM S sygem following agrid digurbance on Augug 10,
1996, suggedsthat theinformation tha sysem behavior was dbnormd and that the power sysem was
unusudly vulnerable was buried within the measurements greaming into and sored & the control center.
Had better tools been available a the time, thisinformation might have given sysem operators gpproxi-
matdy 9x minutes warning of the event that triggered the sysem breskup (PNNL 1999).

Better information iskey to better grid management decisons The next subsection addresses the kinds of
information ggpsin current grid management.
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Figure4. Posiblewarning sgnsof theWetern Sygemshbreakup of Augug 10, 1996 — an example o information
availablefron WAM S
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Information Gaps in Grid Management

Asthegrid isoperated doser to safe limits knowing exactly where those limits are and how much operating
margin remans becomesincreasngly important. Both limitsand margins mug be etimated through com-
puter modding and combined with operating experience that the modes might not and often cannot
reflect.

The“edge’ of safe operation isdefined by numerous agpects of sygem behavior and is grongly dependent
on sygem operating conditions Some of these conditions are not wel known to sygem operators and even
those that are known may change abruptly. Important conditionsinclude network loading, operating gatus
and behavior of critica trangmisson dements behavior of dectrica loads operating gatus and behavior of
magjor control sygems and interactions between the grid and the generators connected to it. Full perform-
ance of thetranamission grid requirestha generators provide adequate voltage support plusavariety of
dynamic support functionsthat maintain power quaity during norma conditionsand assg the sysem dur-
ing digurbances

All of these conditions have become more difficult to anticipate, modd, and measure directly. Indusry
regructuring has exacerbated these difficulties by requiring that transmisson facilities be managed with a
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minimum of information concerning generation asxts To borrow a phrase from EPRI (2001), thisisone of
many aresswhere thereisa“critica interactive role’ between “technology and policy.”

Many casssin recent years have revedled tha the “edge’ of safe grid operation is much doser than planning
modes had suggesed. The Wesern System breakups of 1996 are epecidly notablein thisregect (see
Fgure5), but there have been less conspicuous warnings before and snce (PNNL 1999). Uncertainties
regarding actua sysem cgpability isaknown problem of long-ganding, and it has counterparts throughout
theNTG.

Devdoping and maintaining redigic moddsfor power sygem behavior istechnicdly and ingitutiondly dif-
ficult, and it requires higher-levd planning technology than has previoudy been available. An infuson of
enhanced planning technology—plus knowledgeable g&ff to mentor its devdlopment and use—is necessxry
to support timely, appropriate, and cog effective regponsesto sysem neads Better planning resources are the
key to better operation of exiging facilities to timey anticipation of sysem problems and to full redization
of the value offered by technology enhancementsat dl leves of the power sysem.

Figure5. Madding failurefor Wetern Sygem breakup of Augug 10, 1996. (MW on California-Oregon
Interaonnedtion)
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Challenges and Opportunities in Network Control

Asnoted earlier, the exiging AC trangmisson sysem cannot be directly controlled; dectric flow sreads
through the network asdictated by the impedance of the sysem components For agiven st of generator
voltages and sysem loads the power-flow pattern in an dectrica network is determined by network parame-
ters Control of network parametersin an AC sysem isusudly quite limited, so scheduling of generatorsis
the primary meansfor adjuging power flow for best use of network capacity. When generator scheduling
fals the only dternative isload control, ether through voltage reductions or sugpenson of service Load
control can be necessary even when some lines are not loaded to full capacity.

A preferred solution would be a higher degree of control over power flow than is currently possible, which
would, permit more effective use of trangmisson resources. Conventionad devices for power-flow control
include series capacitorsto reduce line impedance, phase shifters and fixed shunt devicesthat are atached to
theendsof alineto adjug voltages All of these devices employ mechanica switches which arerdativdy
inexpendve and proven but dso dow to operate and vulnerable to wear, which meanstha it isnot desrable
to operate them frequently and/or use awide range of settings in short, mechanicaly switched devicesare
not very flexible controllers Nonethdess they are qill the primary means used for sepped control of high
power flows

HVDC trangmisson equipment offersamuch grester degree of control. If the support of the surrounding
AC sygem isaufficient, the power flowing on an HVDC line can be controlled accuratey and rapidly by
means of dgnas applied to the converter equipment tha changes AC power to DC and then back to AC. In
gpecid conditions HVD C control may aso be used to modify AC voltagesa one or more converters This
flexibility derives from the use of 0lid-gate dectronic switches which are usudly thyrigorsor gate turn-off
(GTO) devices

Although HVDC contral can influence overdl power flow, it can rardy provide full control of the power
flowing on particular AC transmisson lines However, conventiona power-flow controllersthat are upgrad-
ed to use dectronic rather than mechanica switches can achieve this control. Thisupgrade opensthe way to
abroad and growing dass of new controller technology known as FACTS Many engineersregard HVDC
technology as a subset of FACT S technology.

Increasngly, load itsdf isbecoming afag-acting tranamisson control device: Some degree of load control
has been available for decades through interruptible rates, time-of-day rates and demand-dde management
programs. A new posshility isuse of red-time price feedback to loadsin order to rapidly talor the flow of
power on the tranamisson grid, perhaps encouraging demand in one location while inhibiting it dsawhere.
Advancesin communicetion tha can rapidly convey changing eectricity pricesto indugrid and commercid
usersfadlitate this control.

Short-term energy gorage can ad in power flow control. Recent work showsthat even aamdl amount of
gorage can dgnificantly enhance the performance of some FACT Sdevices and pagt resserch has shown that
controllable gorage devices have many gpplicationsin control of power quaity and sysem dynamics(De
Seexe and Dagle 1997). These gpplications are addressed in later sections of this paper.

It should be noted that FACT Stechnology is ill not entirdy mature even though it isbased on concepts
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that are two decadesold. As has been the case with saverd other promising technologies FACT S has not
been utilized by the dectricity indugry a the raethat itsgpparent technica meritswould jugtify. A number
of lesons can be drawn from this Oneistha innovative technologies compete againg technologiesthat are
dready in place and are better undersood. Many utilitiesview FACTSasnot cod effective because of ther
high ingdlation price traditiona, pasive AC devices are perceived to have a cos advantage. Furthermore,
though controller-based optionsfor grid renforcement are attractive, they are not wel undersood, and
operating experience with another innovative technology, HVD C sygems suggessthat use of new control
devicesmay result in gnificant and unforeseen interactions with other equipment. Although these problems
can belargdy addressed with WAM S ther cogs are unclear, and the consequences of controller mafunc-
tions can be very srious Some legd opinion holdsthat the liabilities from such mafunctionswill be sub-
dantidly greater than those faced by utilitiesbefore indugry resructuring (Heshman 1997, Roman 1999).
Such condderations weigh on the 9de of grid reinforcement through lesstechnicaly demanding means even
though the return on invesment may a< be sndler.

Very few utilitiesarein apostion to bresk thisimpasse as the management functionsfor which high-levd
technologies like FACT Sare of primary rdevance are pasing from the utilitiesto anewly evolving infra:
gructure basad upon Regiond Tranamisson Organizations (RTOs), Independent Sysem Operators (109,
and other entities Thistrangtion isfar from completein mog areas of the U.S, and asyet thereisno
“dedgn templa€’ for the nature and the technology needs of this new infragtructure.

The Evolving Infrastructure for Transmission
Management

The movement of operation and planning repongbilitiesfrom ther placein the verticaly integrated utility
dructureto the evolving new and restructured organizations has greetly weekened the essentid didogue
between technology devdopersand usars Although this pgper focuses on advanced trangmission technologies
these technologies cannot be adequatdy discussed outsde the context of the inditutiona framework within
which they will be usad. Devdopment of advanced technology mug be dosdy linked to itsactud deployment
for operationd use Together, these activities should reflect, serve, and kegp pace with the evolving infragtruc-
ture neads of trangmisson organizetions Frameworksthat discourage technology deployment will eventudly
inhibit itsdevdopment. Unfortunatdy, the current uncertainty has produced exactly this effect.

To amplify our discusson, we assume that primary respongbility for grid management isassgned to an
RTO. Thefollowing unknowns are of specid concern:

¢ definition of RTO functions and resources,
e rdaionship between RTO and control aress
e accessto and sharing of operaiond information, and

« timdinefor deployment of the supporting infrastructure for RTO operations
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Uncertainties about the evolving ingitutiond framework for tranamisson management impede timey deve-
opment and deployment of requiste technology. Key unknownsindude

« wha functiondities require technicad support and where they will be located within the
overdl infrastructure

e what levd of technologica sophigication can be rationdized, accommodated, and support-
ed a edific locationswithin the grid management infragructure;

* how to accommodate the risks associated with operationa use of prototypes

» what extendgonsor refinements may be needed before particular technologies can provide
full value in power sysem environments and

e what therolewill be of the RTO and other grid management entitiesin the overdl R& D
infragtructure serving power trangmisson needs

Resolving these uncertaintiesin atimey manner may require that nationd energy policy addressthe infra:
dructure of transmision management. For the immediae future, the best course may be for policy makers
to seek counsd from entitiesthat are fill involved in higher leves of grid management.

Performance Challenges to a New Generation
of Transmission Technology

Many technologies some aurprising, are pplicable to large power sysems Some hardware whose applica
tion to power sygemsmay not be obvious & fird include: acoudica radar to locate buried objects radiation
senorsto detect incdipient falure in connectors or insulators robotic vehicles (including unmanned aircraft)
to examine the condition of tranamisson lines oecidized devicesto mitigate the waveform pollution asci-
ated with some lighting technologies the NASA Advanced Compostion Explorer satdlite (located more
than one million milesfrom earth) to provide early warning of geomagnetic sorms and intruder darms at
unmanned facilities. Life stiences gpplicationsindude sudy of: the biologica effects of dectromagnetic
fidds the environmenta impacts of aproposed trangmisson line on fores cover and wildlife, the function
of naturaly occurring microbesthat can safdy digest toxic pills and the socid/biologicd factorsinvolved in
management of large river sygsems We can add to thisavad array of gpplicationsin materias science,
advanced hardware and fuds information sysems mathematica modding and andys's process automation,
risk management, and decison support sysems

This paper’s purposeisnot to inventory the possble technology options Recent gudiesby EPRI (EPRI
1997, EPRI 2001) present masdve inventorieswith projections of likely merits and along seriesof DOE
dudies examinesthe subject from the pergpective of nationa needs (D OE 1980-2000). T he opportunities
have not changed much in a decade, but the needs have become much more acute.

The subsctionsbdow lig the grategic chalengesthat can be addressad through enhanced technology. Each
chdlengeisgated asafunctiondity that will improve the overdl performance of the NTG. Candidate tech-
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nologiesto meat each chdlenge are briefly discussd, and ther current date of devdopment isnoted. An exten-
sve, patid liging of new equipment technologiesthat could be applied to the NTG isgiven in Appendix A.

Technology Challenge #I1: Broader Coordination of Grid Management

DOE'sNationd Power Grid Sudy of 1980 notesthat “Coordinated power sysem planning, devdopment and
operaion resultsin reduction in fixed cogs reduction in operaing cogs lower risks and better utilization of
naturd resources” Thereport do ligsimpedimentsto full redization. Theissuesraised then have been reartic-
ulated many timessnce they are persgent, badc forcesin the devdlopment of large power sysems

Wha has changed isthe context within which these forces operate. Thereisnow an artificid information
barrier between generation and trangmisson, and coordinaion acrossthat barrier isindirect (eg., based
upon market Sgnds). However, direct coordination across broad geographica aress has become much more
feadble from atechnica gandpoint and isdirectly congsent with the objectives of indugtry retructuring
and the effective functioning of the nationa trangmisson grid.

A recent Federd Energy Regulatory Commisson (FERC) directive assgning ultimate responghility for grid
management to afew “megaRTOS isadep toward the ingitutiona framework needed for truly wide area
management of the NTG. Although the detalls of thisframework are fill to be worked out, information
technologieswill be key to theinfragructure. Integrated computer modds mug quickly and accurady sup-
port power-flow caculation, risk assessment, and emergency management across broad areas of North
Americawhere such activities are now performed piecemed. Modding sudies mug be reinforced by mess
ured information, which isaso needed to assure the vdidity of the modds Great volumes of operationd
datamug be integrated and gfted for indications of hidden problemsor to facilitate generd grid manage-
ment decisons High capacity data links are needed among control centersand RTOs High capacity infor-
mation links of adifferent kind are needed to achieve “virtud work team” collaboration anong supporting
gaff who may belocated at widdy sparated locations and inditutions All of these improvements mug be
made with dose atention to the overal security of the information process and facilities

One gpproach to red-time operationa sygem data would be to continue the current utility srategy of treet-
ing practicdly dl such data asproprietary. Currently, only asmal group of (often overworked) utility
employess has access to sysem operationd data. Although the reasonsthat utilitieswould like to keep the
detals of their operations hidden from public scrutiny are dear, asgnificant lesson from the recent dectrici-
ty crigsin Cdiforniaisthat when the grid fals the public paysthe price. Furthermore, the shared nature of
thetranamisson grid and the fact that problemsin one area can rapidly propagate throughout the entire grid
make the dectricity indugtry unique. The datathat are public by federd mandate, such asFERC Form 715
filings are hdpful, but errors such as base-case-limit violations regrict the usfulness of thexe data The
release of highly processed information, such asthe poging of available tranamisson capacity (ATC) or
Locationd Margind Price (LMP) dataon the Open Access Same-Time Information Sysem (OASS), isd0
hdpful, but the cadculations areimposible to verify or extend if the raw source data are not available.

An dternative approach would be public poging of near-red-time operationa data FERC did not prohibit
access by generatorsto transmisson data rether, it required that such access be non-discriminaory. Freeing
the data might free the indudry’s entrepreneurid irit. Asareult of resructuring, the number of players
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interesed in knowing the operationd date of the grid has skyrocketed from a handful of verticaly integrated
utilitiesto hundreds of marketers, independent generators regulators, and conaultants Currently, generetion
companies are making invesment decisons about new plants which cos hundreds of millions of dollars
basad on very limited information about actud grid operetion. Thisdtuation isamog guaranteed to pro-
duce some disagtrous choices New trangmisson linesmay be needed, but how can governmenta agencies
and the public make informed decisons when information about actua grid operation isunavailable?New
tranamisson technologies are being developed, but how can their manufacturers make informed busness
decisons aout which technologiesto pursue when they have limited meansto determine need?

If data were available, third parties might quickly develop innovative informationa productsto meet the
indugry'sneeds Third partiesinteresed in sdling to amarket much larger than the traditiond utility EM S
market could devdop many of thetool setsneeded for anayzing large RTOs Even with the limited data
available today, third parties are offering some innovative grid andyss and visudization products Increased
availability of datamight aso dlow for more effective independent oversght of grid operation. Currently,
thereislittle overdght. Federd and sate regulatory agencies do not have thetoolsor the daato effectivey
overse grid activities and because thereisno accessto thexe data, thereislittle incentive for third partiesto
deveop the requidte tools

Useful data might indude tranamisson device gatusinformation, red and reactive power flowsfor tranamis
don fadlities voltages and frequencies a key pointswithin the tranamisson network, dong with more
procesd data such as ATC and LM P information. Given the current low cogt of computer orage and the
availability of high-speed data communication, dissemination of these data should be smple. For example,
the poging of hourly sngpshots of 5,000 flow vauesand 2,000 gatus vaueswould require lessthan one
megabyte of Sorage per day. Immediate public rdease of some data, such as generaor offers would not be

gopropriate.

Asareult of increasad concern about possbleterrorig activity, public accessto trangmisson sysem infor-
mation has actudly become subgtantialy more restricted. For example, on October 11, 2001 FERC regtrict-
ed public accessto asubgantia amount of energy facility data, including the FERC Form 715 data Thisis
unfortunate and, for the mog part, unnecessary. Public accessto alarge amount of additiona information is
possble without jeopardizing either the physca security of the tranamisson sysem or legitimate proprietary
concerns of grid participants Without such datait will becomeincreasingly difficult for market participants
to effectivedy utilizethe NTG. Asaminimum, thereisanead for an indugry-wide discusson on what data
can legitimady be made public and what data mug remain proprietary, and on the best mechaniam for the
rdlease of thisdata

Regardless of whether dataremain proprietary within RTOsor enter the public domain, key technologiesfor
broad data coordination are digitd communications, high-performance computing, computer mathematics,
data management and mining, collaboration networks information security, and operaions anadyss
Discusson of these subjects and partid templaesfor the needed R& D can be found in reportsissued by the
DOE and EPRI aspat of the ongoing WAM S effort (DOE 1999). Much R& D for data coordination
would draw upon and directly reinforce the evolving Rdiability Information Network by which Regiond
Security Coordinators share grid information in near red time,
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Technology Challenge #2: Knowing the Limits of Safe Operation

Full use of tranamisson capacity meanstha the sysem will be loaded doseto the “edge’ of ssfe operation.
In recent years many cases have reveded this edge to be much doser than had been expected. Lessdramatic
yet of equd or greater importance are the many undocumented Stuationsin which grid capacity has been
sgnificantly underutilized because lack of knowledge about red sysem limitsresulted in overly conservaive
operation. Sofe operating limits are defined by amultiplicity of sysem conditionsthat have become more
difficult to anticipate, modd, and measure directly.

Electricd conditionson the trangmisson sysem may not be fully known, and even if they were, ther full
implications might not be. It isnot possble to anticipae and sudy dl possible conditions, and the comput-
& moddsused in gudies are sometimes sufficiently unredidic that they produce mideading results Partid
remedieswould be to augment modeing resultswith measured dataand to cdibrate modds againg observed
sydem behavior.

The chalenge hereis partly technicd and partly inditutiona. On the technica sde, the determination of
sfe operating ranges requires a variety of different inputsthat are associated with avariety of different time
frames dl of which are dependent on the accuracy of the underlying modds and of the data provided to
those modds Thelonges planning time frame is associated with operaiond limitsset by plannersweeks or
months ahead. These usudly include trandent gability limitations ogtillatory gability limitations and volt-
age gability limitations and are conditiona on long-term forecagts of cusomer demand and overdl power
gydem resources Because assumed conditions are sddom the same as actud operating conditions the limits
are intended to be aufficiently conservetive that modes differences between predicted and actud operating
conditions can be accommodated through later planning adjugments Thee adjusmentstake placein a
shorter time frame that supports planning for several hoursto severa daysin advance. This shorter time
frame permits more precise forecags of pending sysem conditions but it resrictsthe opportunity for in-
depth anadyssand the range of operationd dternativestha can be consdered. The planning and decison
toolsusd in thistime frame, though sometimes ad hoc, often provide market-critica information such as
ATC to be communicated to market participantsviathe OASS. Findly, in near-red time, sysem operators
use the EM Sto observe and asessthe actud gaus of the power sygem. On-linetools such asred-time
power flow and contingency anayss, provide guidance for managing Stuationsin which red-time condi-
tionsare subgantidly different from what was planned.

Idedly, the planning processinaures that maximum trangmission cgpability isavailable to the power market
while sygem rdiability ismaintained. The chadlengeistha errorsmay arisea any point in the process One
problem, asnoted above, istha the dectrical conditions and ther implications may not be fully known. The
gygem mug be obsarved in such away that sysem operaorsrecave timedy and complete information.
Complicating observation of the sygem iswhat isknown asthe issue of “ssams’ between aress of the grid.
Currently in the U.S there are goproximatdy 140 different utility control arees and 20 higher-levd security
coordinaors each trying to monitor its portion of the grid. ASEPRI (2001) notes “each control entity islike
itsown sovereign nation asfar asmarket and data practices go, and coordinating power tranderstha extend
beyond the borders of an entity entails complex technicd tradeoff andyses condgent with how the grid actudly
repondsto inter-regiond power flows” Power flows eadly between control aress and, asilludrated by the
examplein FHgure 3, thetransactions and control actionsin one or two aress can have grid-wide implications
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Another source of error in the planning processisthat assumed conditions may differ widdy from red-time
conditions If the planning limitsare too high, or if some market-driven trandfers become too heavy, the sys-
tem may bein danger of widespread, cascading outages. In these circumdances some market activities
would have to be curtailed through actions such as TLR (tranamisson loading rdlief ). Alternatively, planning
limitsmay betoo low or ATC reultstoo conservative In these cases the trangmisson grid may be underuti-
lized, with the market sending erroneous Sgnasto adjust more generation or transmisson than needed.
One exampleistrangmisson linethermd limits which in many markets are the limiting congraintson
ATC. Theamount of power that can be tranderred dong alineis highly dependent on ambient weether
conditions Yet fixed limitsare usad in mog cases (sometimes these limits differ in winter and summer).
Better esimation of these limits, perhaps coupled with red-time measurement of conductor temperature or
g, could result in adgnificant increasein ATC. The ssamsisaue arises here aswdl because each security
coordinator issmultaneoudy performing sudiesto determine trangmisson cgpability, usudly without
detaled knowledge of what its neighbors are doing.

A third source of error isflawed conceptud formulation of the moddsthat are used to predict power sysem
behavior under highly sressed conditions A common theme in the pog-mortem andyses of mgor sysem
digurbancesisthat the moddsdid not correctly predict or replicate actua sygem behavior. One recent
exampleisthe near-voltage-collapse in the PennsylvaniasNew Jrssy- Maryland connection (PIM) during
July 1999 (DOE 2000). Effective intervention by PIM operators averted aloss of load, in large part asa
reult of EM Stechnology that afforded unusudly good red-time observation of grid voltages Later andyds
reveded subgantid optimiam in the assumed capabilities of many PIM generaorsto support sysem voltages
(through reective power generation) while producing specific levels of red power (megawetts). These find-
ings parald utility experience around the world: the actud capability and behavior of atherma power plant
may beradicdly different from that indicated by generator moddsor nameplaies This ssems epedidly true of
gasfired turbines which congitute dmog al new plant congruction. (It has been reported that some operators
outddethe U.S takethdr plantsto maximum output every hour, jus to esablish cgpability limits) The
emerging pictureistha reserve generation capability for emergency useismuch smaler than previoudy
bdieved, and that financid condderations may encourage plant operations changestha compound the prob-
lem in waysthat sysem plannersare jus now darting to recognize. Thisisone of sverd issuesthat theU.S
Depatment of Energy (DOE) has been monitoring through its Trangmisson Rdiability Program.

A rdaed issue associated with the NTG gudy isthe need for better computer modding of the interrdation-
ships between dectricity marketsand the NTG. An accurate assessment of the cog impact of the NTG bot-
tlenecks on market operation requires detaled, time-varying anadyss (e.g., hour by hour) of an entire
interconnected sysem. Sncein some portions of the NTG the condrants are due to resctive/voltage prob-
lems, traditiond, linear trangportation-based modds are not adequate. Such anaysis could prove crucid to
determining the optimd locations for expanded tranamisson capacity. Previoudy, such detaled anayss had
been computationdly prohibitive. However, fager computer processors and greater availability of pardld
processng are ragpidly removing these barriers Devdlopment of the necessary computer modds and ago-
rithmsfor thisanaysshas dso been hindered by lack of availability of the interconnect-wide data needed to
perform such an andyss

From atechnicd viewpoint, theimmediate solution isto continue the incrementa changesthat have been
taking place. These indude developing enhanced red-time sygems for measurement-based information,
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improved toolsfor sysem andyssand visudization, improved data communication between control centers
and security coordinators increased utilization of improved computer technology to move sysem limit ca-
culations cloger to red time, and increasad feedback of sysem operationd datato sysem plannersto
improve the cdibration of modes agang observed sysem behavior. Thereisadgnificant need to improve
our underganding of the fundamentd behavior of the power sygsem and the conditions or eventsthat lead
to system falure Improved moddsare an essentid dement of this effort. Proactive federa involvement in
the devdlopment of interconnect-wide modds and tools could be quite hepful.

The solutions noted above neglect rlevant inditutiond issues. Smply gaed, in mos marketsthereisafun-
damentd dichotomy between the commercid participants and the trangmisson managers who make the
market possible Unlike the commercid participants the managers have no clear “pay for performance’
mechaniam for recovering ther financia invesments The absence of such a mechaniam hasfosered a 9i-
rding decline in gaffing, priority, and overdl resources given to sysem planning. Cdibration of planning
modedsand direct assessment of power sygem behavior should beintegrd to the planning process The
indugry has a growing wedlth of datato support thisconcluson, not only from its EM Sfacilities but aso
from ahog of sourcesincluding integrated phasor measurement sysems and subsation-based data
recorders Unfortunatdy, mog of the utility saff with accessto these data are too burdened by day-to-day
taksto usethe data or the toolsrequired to anayze the data Repested gaff reductions have meant that this
complex tak hasadmog vanished from utility organizetiona charts Ashighlighted in EPRI (2001), the
linkages anong markets technology, and policy are fundamenta and mug be undergood and adjuged to
begt effect.

Key technologies for thisunderdanding are essentidly the same asthose noted for Technology Chalenge #1.
Foecid requirementsindude mathematica sygemstheory, Sgnd andyss operationsandyds and proba
biligic methodology.

Technology Challenge #3: Extending the Controllability of Network
Flow

A higher degree of power flow control than iscurrently possbleisavery atractive meansto improve utiliza
tion of tranamisdon resources Conventiona power-flow control devicesinclude series capacitorsto reduce
line impedance, phase shifters and shunt devicesthat are attached to the ends of alineto adjud voltages A
far higher degree of contral isprovided by HVD C transmision equipment and FACT Stechnology. The so-
cdled NGH (adevice, in which power dectronicsfacilitate safe gpplication of a conventionad series capaci-
tor) appearsto be a precursor to FACT Stechnology.

Devicestha improve flow control can be usad individualy or in combination to directly regulate power
routing on the grid and to rdieve dynamic problemstha may limit grid utilizetion. Control of thissort isa
very atractive dternative to the congruction of new or gronger lines Thisisnot the whole gory, however,
because power sysem controls are subject to errorsin the control law on which they are based or the modds
from which the control law isdeveoped. (Thisisin contrag to the functiond rdigbility of anew tranamis
son line or power plant, which isdmog synonymouswith its hardware rdiability.) Because of thiswulnera
bility, the overd| reliability of large-scde control sysems cannot be assessed or asured by the sraightforward
and proven methodsthat are used in congruction-based reinforcementsto the grid. How, then, should the
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choice be made between controls and congruction of new trangmisson capecity?

A full demongration of controller rdiability isrardy possble. It isaways necessary to trade controller bene-
fitsagang the risks associated with dodng a high-power control loop around sygem dynamicsthat are not
fully observed and not fully undersood. Controller rdiability mug be assessed broadly, incorporating engi-
neering judgment and sound practice. Uncertainty should be mitigated where possble, but thisisoften a
dow and technicaly difficult process (Hauer & Hunt 1996). Whatever uncertainty cannot be mitigated
should be accommodated in controller desgn and operation. All of these measuresrequire that wide-area
control sygems be supported by wide-area information sysems, and that the grid management infragtructure
include an gppropriate degree of technica expertisein control engineering (Hauer & Taylor 1998).

Wide-area control, whether usng FACT S or less advanced technologies, offers many benefitsto the next-
generation nationa trangmisson grid. A recent FACTSinddlation in Brazl is especidly noteworthy; it links
two regiona sygemswith an AC line plustwo thyrigor-controlled series capacitor (TCSC) units Prior to
this aDC line would have been the inevitable and more expensve choice.

Herein theU.S, theingdlaion by the New York Power Authority of a Convertible Satic Compensator
(CSC) FACT Sdevice hasincreasad the power tranders on the Utica-Albany power corridor by 60 MW in
itsinitid phase, with a projected increase to 240 MW when Phase Two iscompleted in 2002. However, it is
important to place these numbersin context. Overdl, the pesk dectricity demand in New York Saeis
gpproximatdy 30,000 MW, with goproximatdy haf the demand in upgate New York and the remainder in
New York City and Long Idand. The current import capability from the upgtate region to the city and Long
Idand is gpproximatdy 4,500 MW, with another 2,000 MW coming from PIM. Therefore, the increase
from the CSC device is gpproximatdy five percent of the current capacity, and about 1.5% of the pesk New
York City/Long Idand load.

A proposd that complementsthe use of FACT S devicesto achieve better network control isto bresk up the
current Eagern and Western Interconnectionsinto smdler, more managesble synchronousinterconnections
These andler interconnections (which could correspond to exiging regiond rdiability councils) would be
joined by HVDC ties the sze of the tieswould match exiging tranamisson trander capabilities (De Seee
and Dagle 1997). The use of HVDC between the interconnectionswould permit complete control of power
flows between interconnections, completdy diminating long-disance loop flow. Loop flow would gill be an
issue within the interconnections but their smaler Sze would make thisflow esser to manage. Of course,
such wide-scde dismantling of the Easern and Wegtern Interconnectionswould require mgor invetment in
new HVDC linesand could present ahog of new, unforeseen technicd problems

A key chalengeto the use of advanced technology to achieve better network control isthat it isa“high
tech” option entering the bugness environment for utilities 1SOs and other grid managers which today
favors“low tech” investments Advanced control technology is often characterized by high initid cogsand
ongoing maintenance and operaion cogs In addition, use of HVDC or FACT Sdevices can result in higher
power lossss, with typica converter losses of one or two percent of flow. For mog utilities cost-benefit
anayss currently favors doing nothing, letting new generaion take care of the need, or invegting in familiar
passive AC devices Outganding issuesto be addressad before advanced technologies can compete in such an
environment include the need for operationd experience, quantification of benefits and resolution of
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impedimentsto rdiable control in high-performance applications

High-performance hardware for wide-area control isready for use; conventiona technologies have srved
locd and regiona needsfor many years Full use of wide-area control demands an improved infrastructure
for wide-areainformation. WAM S the information counterpart to FACT S control, isexpressly desgned to
provide thisinfragtructure.

Technology Challenge #4: Dealing with Operational Uncertainty

Providing reliable and economicd dectric power cdlsfor two pardld efortsrdated to uncertainty. Thefirg
isto reduce uncertainty by means of information that is better and more timey than what is currently avail-
able The second isto accommodate the resdud uncertainty through the use of appropriate decison tools

In 1996, two massve breskups of the western power sysem demondrated the need for improved resources
to ded with the unexpected. Asnoted above, data collected in red time a BPA's Dittmer control center
contained subtle but definiteindications of otillatory ingability for severd minutesprior to the actua
breskup on Augus 10. BPA operators ao reported that hints of wesk voltage support may have been pres
ent for much longer. Had there been meansfor converting these hintsto unambiguous operator derts that
breskup might have been avoided entirdy.

Contradicting actud sysem behavior, later Sudies performed with sandard WSCC modds (adjuged to the
conditions and eventsleading to the breskup) indicated that the sysem had excdlent dynamic gability.
Enhanced modds interndly adjuged to match observed sysem behavior, are outwardly more redigic but
gill sugpect. Modding errors are one of many uncertainties tha improved resourcesfor grid management
mus accommodate.

Even if auitable planning models had been available, operating conditions preceding the Augug 10 breskup
were far from nomina and had not been examined in sysem rdiability gudies These gudiesare generdly
performed wesksto monthsin advance, and planners cannot anticipate dl combinations of ssemingly minor
outagesthat may be part of the operation of alarge power sysem. Planning uncertainty and its attendant
risks can be mitigated in part if sysem capacity gudies are performed with a much shorter forecaging hori-
zon and based on reasonable extrapolations of current operating conditions. This gpproach calsfor much
broader red-time accessto those conditionsthan any one regiona control center now provides The requisite
computer toolsare directly consgent with the framework envisoned for dynamic security assessment

(DSA), however. Thisisdso true of the measurement-basad operator aerts mentioned earlier dthough the
mathematics needed is quite different.

The combinatorid problem for longer-term planning remains egpeciadly formidable. The number of likdy
contingency patterns adready huge, isbecoming even larger asthe market seeks energy transactions across
longer digances Future practices may a0 represent modd errors as contingencies Even without this
change, direct examination of each individua contingency pattern isnot feasble. Contingency evduation is
afurther chalenge Never agmple matter, it mug now reflect new linkages between sysem rdiability and
market economics Decisons mug be rendered more rgpidly than before despite increased uncertainty and
ometimesincreased risk.
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Reducing and accommodating these uncertainties requires a broad, multi-faceted effort. Requiste
technologiesinclude:

e Improved red-timetoolsto examine power sygem sgnas for warnings of dangerous behav-
ior. The more rgpidly that operator intervention isinitiated, the more likdy that a blackout
can be averted.

e Improved visudization, giving operators abird'seye view of the power sygem.

* Mathematicd criteria, tools and proceduresfor reducing and/or characterizing errorsin
power sygem modds

e Characterizations and probabiligic moddsfor uncertaintiesin power-sysem resources and
operating conditions

e Probabiligic modds tools, and methodologies for collective examination of contingencies
that are now consdered individudly.

e Codg moddsfor quantifying the overdl impact of contingencies and ranking them accord-
ingly. It isessentid that these modds be redigic and suitable for use as dandards for plan-
ning and operaion of the overdl tranamisson grid.

*  Rik management tools based on the above probabiligic modds of contingencies and their
cods that “optimize’ use of the dectricity sygem while maintaining requidte leves of
reigbility.

Devdopment of the technology noted above can likdy be expedited through technology trandfers from out-
dde the power indugry. Even 90, there are gpecid and difficult problems The knowledge base for actud
power sygem behavior, required both to define the subject technologies and obtain bes vaue from ther usg,
isnot wel evolved. The knowledge base and the technologies should develop together, in or doseto apracti-
cd utility environment.

Furthermore, probabiligic planning isnot jus a smooth extrgpolation of current practices It requires new
killsand practices Thexe practicesmug be developed, evauated againg those now in use, and then
goproved for use a the RTO levd. These matters should be addressed a the earliet possble sage of tech-
nology development.

Technology Challenge #5: A Grid that Heals Itself

Theinterconnection of large power sysemsinto gill larger ones greatly increases the possibilities for wide
soread falure. Grid managers go to greet lengthsto anticipate and avoid such fallure. However, & some leve
of complexity, anticipation and avoidance become too difficult or expensve.

A vaiety of lessons can be extracted from the 1996 breakups of the western power sygem. One of thee les-
nsisthat when prevention of sysem breskups becomesimpracticd, it istimeto focus on minimizing the
conseguences A triage approach haslong been characteridic of grid operations the operation of individua
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rdaysisagood example of remova of asmal portion of the sygem to save the whole. On abroader bass
the use of under-frequency load shedding has been a very effective means of saving the grid from frequency
decay a acog of perhapsfive or 10 percent of tota load. Limited sf-heding isdso found in the use of
automatic circuit-bresk reclosng after events such astheloss of aline from alightning srike.

What isnew snce 1996 isashift in emphassfrom aggressve use of preventive control, accepting possble
loss of someload, to condderation of “dynamicidanding’ drategiesthat accommodate an occasona
breskup while minimizing itsimpacts and assuring smooth regoration of dectricity services Dynamic
idanding would involve:

e Emergency, possibly locdized, controlsthat ssparate the power sygem into ether prede-
fined idands or dynamicdly defined idands asdictated by conditionsthat are sensed locdly.

» Idanding optionsdesgned for minima loss of service, given proper control asssance

e |danding and regoration as a continuous smooth process controlled by FACTS HVDC, or
automatic generation control.

» Converson of osme AC linesto DC. Thischangeis particularly attractive for linesthat
would otherwise become sranded assts under the pressure of new generation ingaled
coseto mgor loads

Avoiding jug one catasrophic event would likdy payback much of theinvesment cog of FACT Stechnolo-
gy and the associated infragtructure. But there are both technicd and ingitutiona concerns From atechni-
cd point of view, devdoping even limited idanding capability, let done grid sdf-heding, isan immense
chdlenge During idanding, the two new idandswill be Smultaneoudy presented with a combination of
potentidly large initid generation/load imbaances and changesin line flows as exiging tie flows are dimi-
nated. Frequency regulation characterigicswill ds change dueto the changesin totd inertia Although a
dynamic idanding scheme has been implemented on the WSCC sysem, itsuse on the Eagtern sysem would
be much moreinvolved because of the higher dengty of tielines From an inditutiond point of view, incen-
tiveswould be needed to encourage the development of idanding schemes It gopearsthat only an 1SO or
RTO would in agrong busness pogtion to assume the cogs given the geographica areainvolved.

Technology Challenge #6: More Power in Less Space

There are many reasonsto seek power sysem equipment that requires a minimum of space. New rights of
way for tranamisson lines are environmentaly intrusve, difficult to route, and subject to avery dow
goprova process aslocd authoritiesare increasingly reluctant to gpprove projectsthat do not addresslocd
nead. Thesxe problemstend to be less severe for underground transmisson cables, but new routes or added
gpace for underground cables may be impossble in highly urbanized environmentslike Chicago or New
York City; cogsinhibit the use of underground cablesin lessurban areas Subgations, generators and trans
formersdl benefit from having a smdler “footprint,” especidly if the equipment itsdf isamdler and more
portable.

So how can we fit more power into agiven gpace, or into even less pace? Conventiona solutionsinclude
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“reconductoring’ linesto carry more current a the same voltage, reviang linesto operate a higher voltage
(if possble), and converting AC linesto DC. The use of composte materidsis apromisng gpproach for
reconductoring. Traditionaly, overhead tranamisson lines have been congructed usng duminum conduc-
torsged reinforced (ACSR) congging of sranded duminum about astranded sed core The duminum
cariesthe current, and the ged provides mechanicd support. Thelimiting condraint for such linesissg
resulting from heating. A new goproach for increesing conductor current capacity without increesng weight
isto replace the ged core with a composte materia, such as glassfiber. Because the tendle srength of the
glassisup to 250 percent of the srength of sed, the composte conductors are lighter and sronger and
could have higher current capacity. Reduction in sag dlowstighter gpacing of conductors, which reduces
magnetic fidds and might mean that new conductors could be added in exiging rights of way.

A complementary gpproach to increasng the available cgpacity of exiging AC linesisto dynamicdly deter-
minethe actud conductor limits Thetherma capacity of an overhead lineis highly dependent on ambient
conditions there is more power-trander cgpacity when the line isbeng operated in cold, windy conditions
than when it isoperating in hot, cam weether. Approachesto dynamicaly determining conductor limits
include either direct measure of conductor temperatures or use of a differentia globa postioning sysem
(GPS) to directly mesaure the sag of criticd ans

For higher-voltage lines, limits are usudly based on “loadability’ congraintsrather than thermd limits The
loadability of alinetha cannot be operated doseto itstherma limit can often be improved by compensat-

ing devices or full FACT S control. Another promisng though rdatively conventiond technology is compact
tranamisson linesthat are reconfigured to carry more power (at the expense of increasad |oss).

An dternativeto overhead linesisburied cables Severd different cable desgns can be used; oil-impregnated
paper-inulated pipes are the mos common. A key advantage of underground cablesisthat they usudly face
little public oppostion. Also, the doser gpacing of the conductorsresultsin greatly reduced eectromagnetic
fidds (EM Fs) because of phase cancdlation. Findly, underground cables are not subject to westher and thus
may be more rdiable than aboveground lines The key disadvantage of buried cablesis cog. With cod ratios
of up to ten timesfor rurd high-voltage lines it isnearly dways more economica to build overhead lines
unlessoneisin an urban area. Als, the length of AC cablesislimited by ther rdativey high capacitance
uncompensated cables may be limited to perhgps 25 miles Findly, over the long term, underground cables
may not be asrdiable as overhead lines because it takes subgantiadly longer to locate and correct problems
with buried lines

Truly grategic improvementsin compactness cal for new technologieslike supercapacitors, trandormerless
HVDC, and cryogenicdly enhanced devices Cryogenic operation (i.e., operation a unusudly low tempera-
tures which may or may not be low enough to achieve superconductivity) reduces or diminatesresgancein
an dectricd device and thereby dlows a severd-fold in increese in its power-handling capacity. T his benefit
can be exploited dther asincreased capacity within given sze and weight congraintsor asequivaent per-
formance in amuch gndler and lighter package. However, cryogenic devices dso have disadvantages. For
example, some super-conducting devices operate with extremey high currentsand thusradiate very intense
magnetic fidds Asagenerd rule theintroduction of cryogenic cooling adds complexity to adevice, 0 a
utility usng cryogenic deviceswould have to hire employees with the gecific killsto maintain these
devices Cryogenic devices a0 generdly require long cool-down times, up to aweek or more for some such
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as super-conducting magnetic energy sorage (SMES) and large trandormers Certain maintenance and
repair procedures may reguire warming the devices up to ambient temperature, which takesa amilar
amount of time. This characterigic may be an unacceptable operationa condraint.

Cryogenic devices now include cables trangormers, current limiters switches generators and energy sorage
devices (SMES). Thex devices are at sages of devd opment ranging from working prototypesto afew com-
mercidly successful products The underlying base technologies are the subject of active research, and the
technicd feaghbility of cryogenicsin generd isincreasng geadily. Aswith FACTS the chief impediment to
practica deployment istheinitia invetment.

Another partid solution to current difficultieswith obtaining new rights of way isto utilize non-traditiona
tranamisson paths such as submarine cables One such project currently under condderaion, known asthe
Neptune Project, seeksinitidly to connect 345-kV subgationsin Brooklyn and Long Idand NY with a 345-
kV subgation in northern New Jrsey viatwo 600-MW HVDC cablesburied in trenches on the Atlantic
Ocean floor. Qubsequent phases seek to link New York City with asubgeation in New Brunswick, Canada
usng al,200-MW submarine HVDC; cables added later would join Bogon and other New England loca-
tions Another project under consderation seeksto link Ontario, Canadato ether Ohio or Pennsylvania
usng ssverd HVDC cablesunder Lake Erie. Given the large number of urban load centerslocated on the
oceansor Great Lakes the commercid success of one such submarine HVD C project could lead to many
more. The advantage of such an ingdlaion isthat no eminent domain authority is nesded to obtain the
water rights of way, and the rdativly smal land-based converter dationstha are required can belocated to
bring power directly into urban load centers. Due condgderation mug be given to avoid harming the aquatic
environment, with the cables routed to avoid active fishing and sendtive environmentd aress

Technology Challenge #7: Assessing New Technologies
Using Life-Cycle Analysis

Invesmentsin new technologies can be both necessry and dangerous Invesmentsin the wrong technolo-
giescan lead to disagter. Timdy new ways to reduce cogts and improve performance are essentid to busness
arviva. Utilitiestend to be very cautiousin invesing in new technology.

Onereason for ther caution isthat the actua meritsof any new technology can be difficult to esimatein
advance. New or advanced technologies are very likdy to have hidden cogs (and may dso have hidden bene-
fits). Some technologies are “fragile” requiring sgnificant enginearing desgn or unforeseen maintenance.
Othersare“intrudve’ in that ther use cdlsfor mgor changesin asociated technologies and methods Sill
others produce long-term environmenta problems such asthe digposa of hazardous materidsused in ther
congruction. And some technologies might fal in a catagrophic manner that endangers human hedth and
sfety.

All utilitiesare wdl aware of these posshilities but few individua utilities have the resources to assessthem.
SQuitable resources can be assambled on a collaborative bass but a suitable assessment methodology mugt
aso be developed.

Full asssssment of new technologies cdlsfor alife-cyde anayssthat conddersal cossand al benefits with
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aitable condderation of regulatory condraintsand other externd or uncertain factors To beindusve, life-
cycle anadyss should gart with production of the technology and condgder impacts upon the economy;,
hedth and sfety, the naturd environment, and other dements of the public good. The andyds continues
from thispoint through al expected uses of the product to itseventud recyding or digposd by other means

The dectric power indusry sddom makes equipment acquidtions usng such thorough andyds The indus
try will dso argue, reasonably, that it cannot afford in-depth congderation of dl agpects of the public good
in everyday busness decisons However, the norm for much equipment procurement isto accept the mini-
mum bid. This practice has dready populated the nationd grid with alarge anount of energy-inefficient
equipment. The practice of life cyde cog optimization should a lees condder the full range of tradeoffs,
comparing bendfitswith the totd cog of ownership for the life of the equipment. Life-cyde cogsindude
acquidtion cogdsaswedl ascodsof capitd, energy, operations mantenance, and disposd.

Technology Challenge #8:The Intelligent Energy System

Information isthe croscutting issue in dl trangmisson grid technology chalenges WAMSand FACTS
share an underlying vison of an Intdligent Energy System (IES) in which “intdligent” planning, desgn,
control, and operation of sysem assts are the primary meansfor meeting energy demands. An 1ES might
wel involve coordinated operation of the dectrica and gas energy sysems, with the gas sysem providing
virtud sorage for dectrica energy. The IESwould certainly draw upon FACT Stechnology for the routing
of dectrica power and upon digpersad assts such asdidributed generation, energy conservaion, direct or
indirect load control, and renewable energy sources WAM Sisacritica dement in the information infra:
gructure nesded to make the | ES posible and to insure power sysem rdiability.

Thevigon of an IES extends beyond FACT Sand perhaps beyond WAM S, Additionad dementsincude pro-
tective rday sysemsthat “adapt” to widely variable power flows diagnogic toolsto reduce human error dur-
ing sysem maintenance, enhanced information tools for emergency management, and “inteligent” data
minersthat Sft operating records for evidence of needed maintenance. Some specific examples, extracted
from much more detalled treetmentsin PNNL (1999), are presented below.

Protective Controls—Relay Coordination

Containing a Szedble digurbance usudly requires gppropriate action by severd rdays Communication
among the rdaysisoften indirect, through the power sygem itsdf. Effectivdly desgned direct communica
tion among relays would make coordination more reigble from the hardware pergective. Reays liketrans
ducers and feedback controllers are sgna-procesang devicestha have their own dynamics and modes of
failure. Some rdays sense conditions (like phase imbaance or boiler pressure) that power-sysem planners
cannot reedily modd. At present, there are few engineering toolsfor coordinaiing wide-arearday sysems

Large power sydems are ometimes operaed in waysthat were not foressen when relay settings were esab-
lished. It isnot at dl gpparent that fixed rday settings can accommodate the increesngly busy market or,
even more difficult, theidanding that has been seen recently in North America It may be tha reay-based
controls like feedback controls, will need some form of parameter scheduling to cope with such variability.
The required communications could be highly vulnerable from a security sandpoint, however, o precau-
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tionsagaing the growing threat of “cyber attack” would be needed.

Severd recent grid events sugges that there are gill questionsto be resolved regarding the basic Srategy or
economics of bus protective sygems (PNNL 1999). In the wetern sysem breskup of December 14, 1994,
it gppearstha “bus geometry” forced an otherwise unnecessary linetrip a the Borah subgation in Idaho
and led directly to the sysem breskup. Bus geometry was dso afactor when dl trangmisson to San
Francisco was log on December 8, 1998. Following routine maintenance at the Sen Mateo subgation, a
bresker was dosed while protective grounds were gill atached. The resulting fault tripped dl linesto the
San Mateo bus because a differentid rday sygem had not been fully retored to service An appropriate diag-
nogic tool would have indicated this condition and warned that the grounds had not been removed.

Emergency Management—the Northeast Ice Storm of 1998

Emergency management resources of the Northeast Power Coordinating Council were ssverdly teted when a
sries of exceptiondly severeice sorms gruck large areasin New York, New England, Ontario, Quebec, and
the Maritime provinces between January 5 and 10, 1998. The worg freezing rains ever recorded in tha
region depodted ice up to three inchesthick. Resulting damage to trangmission and digribution was severe
(morethan 770 towers collgpsed).

The event resulted in some vauable lessons regarding sysem restoration. Emergency preparedness, coopera:
tive arrangements among utilitiesand with civil authorities, integrated accessto detailed outage information,
and an innovetive approach to fidd reparswere al found to be particularly vauable. The digurbance report
mentionstha information from remotey accessble, microprocessor-based fault locator reayswas ingru-
mentd in quickly identifying and locating problems Implied in the report isthat the resoration srategy
amounted to what mathematicians cal a“sochagic game” in which some riskswere taken in order to make
maximum service improvementsin the leagt time—and with imperfect information aout sysem capability.

Technology Challenge #9: Physical and Cyber Security
of the Transmiission Grid

Given the recent increased awareness of the possbility of terrorig activity, it ssems epecidly pressng to
addressthe physicd security of the NTG. (This paper focuses on the tranamisson sygem only and does not
addressthe physcd security of individua generation gations) We condder tranamisson security in relation
to therisk of physcad desruction of sysem dementsand concerns about cyber security.

In reation to concerns about physca dedruction, the blessng and the curse of the tranamisson grid isits
immense sze. In the U.S there are currently more than 150,000 miles of trangmission linesthat are 230 kV
or higher, and there are many tens of thousands more milesa lower voltege levds In both the Easern and
Wegtern Interconnects, there are tens of thousands of individua trangmission lines and many thousands of
individua high-voltage trandormers The curseisthat such a sysem isimposshbleto “sscure” thereisno
effective meansto prevent adetermined group of individuasfrom destroying aportion of the grid. But the
blessngistha they could desroy only a miniscule portion. In addition, any destruction amed of individud
towerswould have temporary effects. Given the regular occurrences of tornadoes, hurricanes ice gorms and
earthquakes the tranamisson sysem has been desgned to takeits share of individua hitsand continueto
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function. And the utility indugry isquite adept a quickly repairing the damage done from such naturd
occurrences It would be very difficult for even alarge, wel-organized group to duplicate the physca dam-
age done by even amoderaeice gorm.

Theissueiswhether amgor diguption could be caused if various key grid facilities such asdectric ubsa
tionsor rights of way with many individud circuits were sdectively targeted. The answver is“yes' if enough
key facilities were detroyed. But the impactswould likdy be temporary because transmisson lines could re-
atively quickly be rerouted around mog subgations Some equipment (eg., trandormers) would be vulnera:
ble and difficult to replace. The degtruction of multiple tranamisson gations by a knowledgesble ssboteur
with a highly organized attack could result in subgantia damage and long-term blackouts

Another concern issecurity of information sysemsor cyber security. The increasng reliance of the dectric
power indugtry on communications and control sysemstogether with the remarkable advance of dectronic
intruson technologies and techniques make the resructuring utility indugry particularly vulnerable to dis
ruptions reaulting from inadequate safeguards and security capabilities More points of entry into command
and control sysemswill become available to potentidly hogile individuds or organizations Many of these
entry pointswill differ from the points of access previoudy esablished to serve a verticdly integrated utility
indugry. The advent of red-time power digpaching coupled with competition in retal power markets and
many other chalenges of operating in arestructured indugtry environment will greetly reduce the sfety
margins currently maintained by dectric utilities The utility sysem of the future could become much more
vulnerable to corruption by skilled dectronic intruson from both indde and outsde. A primary, emerging
need in the utility indugry isfor devdopment of new guiddines policies and gandardsfor the section
and implementation of cog-effective security measures (EPRI 1996).

The protection of criticd dvilian infragructure has been anationa focus Snce the mid-1990swith the for-
mation of the Presdentid Commission on Criticd Infragructure Protection (PCCIP) in July 1996 and the
Presdentid Decison Directive 63 (PDD-63) on Criticd Infragructure Protection issued in May 1998.

DOE isregpondblefor the dectric power sector and the naturd gasand oil production and sorage sectors
and hasformally desgnated NERC and the Nationa Petroleum Council (NPC) asliaison organizations. In

Meeting the Technology Challenges

April 2001, NERC published awhite paper: Approach to Adion for the Eledridty Sattar that outlinesthe dec-
tric power indugry's plansfor sscurity againg physca and cyber atack.

For lack of adear “busness casg” new technology invegments often involve more financid risk than any
sngle utility (or new 1S0) can accept. Motiveting these invesmentswill require some combination of defin-
itive nationd policy dong with market modds for invegtment planning.

Institutional Issues

A formidable number of inditutiond issues hinder timely identification, development, and introduction of
new technologies Today's utilities are underdandably rductant to fund R& D that isnot promptly and
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directly beneficid to them. Likewise, utility supplierswill not fund new tranamisson technology research if
thereisnot areasonable likdihood of an adegquate return on the investment. Contrary to the premises under
which EPRI was esablished sparatdly from the DOE nationd laboratories, it isnow difficult for EPRI to
act asthe coordinating umbrdla organization for long-term R& D in the public interes. Much of the work
produced by EPRI isessentidly unavailable to the many nonmembers. T he following “out-of-the-box’ solu-
tions should be congdered:

* Apply aus feeto dl inditutionsthat engage in energy busness Thisfund would be used
exclusvdy for energy R& D in the public interes, and dl R& D resultswould be fully avail-
ableto dl energy busnessinditutions

* With auitable overgght provisons digperse the above R& D fund through aDOE entity or
anew public-servicearm of EPRI (dl ingitutionsthat engage in energy busnesswould be
members). It might be preferable to coordinate and consolidate these activities through a
new umbrela organization for energy R&D.

* Engageindudry expertsin mentoring R& D and in-the-fidd assessmentsthat are needed to
close the gap between the devdopment of new technology and its actua deployment for
operationd use.

Effective Utilization of Federal Resources

The federd government isvery involved in the nationd grid through the federd utilities induding the TVA,
the Power Marketing Adminigrations (PMAs), various dements of the U.S. Army Corps of Engineersand
of the U.S Bureau of Reclamation, aswel asother entities. Collectively, the federad utilities operate * back-
bone’ facilitiesfor alarge portion of the North American power sysem.

Thefedera government isdo the ultimae geward for the gaff kills knowledge, and operationd infra:
dructure of the federd utilities These utilities are unique nationd resources of grest value. They areimmedi-
atdy avalable to reinforce energy rdiability in the public interes, arole in which they have long been a
maingay. Congderation should be given to the following waysto better utilize this resource

* Fully engage the federd utilities as advisors and/or researchersin ongoing federd effortsto
meet nationd energy needs

» Draw on thefederd utilitiesfor fidd teting and operationa assessment of new or proto-
type technologies. Give gpecid atention to critica enabling technologiesthat have not
drawn sufficient commercid interes to asure ther timey evauation and refinement.

* ldentify critica resources provided by the federd utilitiesand integrate these resourcesinto
the nationd laboratory sysem. Support could be provided through a consortium arrange-
ment among the nationd laboratories and federd utilities

»  Takeimmediate gepsto exablish a productive didogue among al members of the proposed
consortium and safdy archive ther collective ingitutiona knowledge for future use.
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Effective Utilization of Academic Resources

The dectricity indugry may be underutilizing the R& D potentia of American universties However, a con-
trary view holdsthat indugtry needs are primarily in development and that universitieslack both the mission
and g&f continuity to proceed pad theinitia research phase The proper rdationship between univerdty
and indugry has not been determined and should not be regarded asfixed. What iscdear isthat the didogue
between universtiesand the dectricity indudry iswesker than isthe universty-indudry rdationship in mog
other indudriesand that few universties have the direct indugtry involvement or the “ingitutiona culture’
that isneeded for practical technology development in thisarea Changing this Stuation might lead to auni-
vergty sygem doser to the European modd, in which many academics are part-time industry employees
Fundamentd changesin the rdationship between universty and indusry have many ramifications and an
open discusson of the matter would be timdly.

One bright spot isthe growing trend toward cooperaive universty/indugry research centers Thee centers
seek to bridge universty-indugry gaps by directly involving indugtry in university research projects This
partnership helps projects maintain a degree of focus on problems currently facing the indugry. The cha-
lenge for the univergtiesinvolved in such centersisto demongraeto ther indugrid memberstha mem-
bership feesrepresnt money well goent.

In addition, there are growing numbers of faculty membersinvolved in gart-up companiesin the power
area. Univergties naionwide are sseing aneed to foder economic devdlopment in their locd regionsand
daesand to fadlitate the trander of univergty expertise and reseerch to indudry. Although a number of
mechanisms exig to meet these gods encouraging faculty with innovetive idessto form sart-up companies
isparticularly promisng as much of the country'sinnovation arisesfrom entrepreneurid activity by small
companies

Advanced Technology Related Recommendations

udanable solutions require baances between generation, tranamisson, and demand; planning and opera-
tions profit and risk; the roles of public and private ingitutions and market forces and the public interest.
The drategic need isnot jug for advanced technology in the laboratory but do for an infuson of improved
technology at work in the power sysem. The chief impedimentsto thisareingitutiond; they can be
renlved through a proactive nationd consensusregarding ingitutiond roles. Until thisconsenausis
achieved, the lack of linkage between technology and policy may be adisruptive forcein continued deveop-
ment of the nationa tranamisson grid and the broad infragructuresthat it serves

Liged bdow are severd oecific recommendationsto address nationa transmisson grid issues by cregting a
framework to accderate the devdlopment and deployment of gopropriate advanced technologies

e Edablish incentivesfor both private and public sector invesment in RD& D. While federd-
ly funded badc resserch isimportant, ultimatdy it isthe commercia sector that should
move technology from the research lab to the marketplace Thereisaneed to accderate the
trangtion processwithin the dectricity indugry to reduce uncertainties regarding the future
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dructure of generation and trangmisson markets Snce such uncertainties greatly impede
invesment in RD&D.

e Devdop performance metricsfor the nationa tranamisson grid where performance mess
ures can be usad to determine minimum planning and operationa gandards These out-
come-based measures would be conggent with the gods of the nationd transmisson grid
where issues such as srving the public good, promoting the economy, and ensuring nation-
a scurity can be balanced againg the profit motivation associated with individua compa-
nies engaged in the dectricity sector. Such aframework provides an incentive for private
and public funding to ressarch, develop, and deploy advanced technology because the link-
age between enhanced performance associated with advanced technologies can be mapped
to goecific gods with emphads upon those technologiesthat cog effectively address poor
performance according to these established measures

e Apply auser feeto dl ingitutionstha engage in energy busness Thisfund will be used for
energy R& D that isperformed in the public intere, and dl R& D rexultswill be available
to dl inditutionsthat engagein energy busness

e Simulaetheresarch, devdopment, teging, and deployment of cos-effective technologies
that dlow grester capacity in exiging right-of-ways T hisincludes passve reinforcement
(eg., advanced conductors and trangmisson configurations), active reinforcements (e.g.,
FACTS HVDC, energy gorage, and non-tranamission technologies), and advanced infor-
mation resources and controlsthat fecilitate bes use of trangmisson resources while ensur-
ing system rdiability.

e Promote programsthat provide opportunitiesfor energy consumersto manage ther digrib-
uted energy resources (generation, gorage, and load) in reponse to competitive market
forces induding increased price vishility, demand-sde participation in energy and ancillary
srvices markets, and remova of technica and inditutiond barriersto digributed energy
resources

e Provide aforum for an indugry-wide discusson to reach consensus on informeation access
and dissemination issues Certain information on sysem operations should be made broad-
ly available to encourage marketsto function, yet other information may be proprietary or
FEngtive

e Egablish security gandards (both phydcd and cyber) for protecting the nationd tranamis
gon grid from attacks of maiciousintent. Such sandards should be derived from ongoing
research in recognition of the evolving threat againg the Nationd criticd civilian infragtruc-
tures

» Draw upon the Federd utilitiesasauniquely available and competent technicd platform
for induson in an expanded nationd RD& D infragtructure. |dentify resources (facilities,
gaff, software, ec.) that do or could provide essentid support to planning, development,
and operation of the North America power sysem.
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* Engageindudry expertsin the mentoring of R& D effortsand in the fidd assessments
(demondration projects) that are needed to dose the ggp between the devdlopment of new
technology and itsactud deployment for operationa use. Give gecid attention to “critica
path” enabling technologiesthat have not drawn aufficient commercid interest to assure
ther timdy evauaion and refinement.
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Appendix A: List of New Technology
Equipment to Reinforce the Transmission Grid

Thetranamision sysem of the future mug not only have increasad capacity to support the market demand
for energy transactions it mus dso be flexible to adapt to dterationsin energy-ddivery paterns These pat-
ternschange a varioustime scaes hourly, daly, weekly, and seasondly. The tranamisson sygem mug aso
adapt to ddivery paternsdictated by the evolving geographica digribution of load and generation. As gen-
eration planning and dispatch decison making are placed in the hands of organizations other than utilities
new technologiesthat afford tranamisson plannersawider range of dternativesfor deployment of power
become more attractive.

This gopendix ligs some of the newer hardware technologiesthat are being researched and deployed to rein-
force grid operations The range of potentid technologiesis enormous This gopendix islimited to the hard-
ware technologiesthat are mog directly applicable to grid operations thelis presented isnot exhaudive.
Software technologies are discussed in the body of the paper and are not addressed here.

The gppendix organizes hardware technologiesinto the following caegories
e Pasdvereinforcing equipment,
e Adtiverenforcing equipment, and
e Red-time monitoring equipment.
Within each category, we lig the rdlevant technologies and summarize the primary objective, benefits,
barriersto deployment, and commercid datus of each.
Passive Reinforcing Equipment

This s=ction discussesthe potentid impacts of new technologies associated with AC trangmisson linesand
rdated equipment (transformers capacitors switch gear, ec.). Thiscategory includestheincreased vaue
(capacity per unit cog of ingdlation, operation, and maintenance) obtained through new conductor materi-
dsand trangmisson line configurations aswdl asthe flexibility gained to reconfigure the trangmisson sys
tem through grester modularity of transmision equipment.

Passve AC devices conditute by far the mgority of the exiging network. Though new lineswill certainly be
needed to reinforce the grid, the Sting of these lineswill continueto be amgor chalenge Getting the mogt
out of exiging rights of way minimizesthe need for new linesand rights of way and can minimize the socie-
ta concerns associated with visud pollution and high-energy EMFs

Conductors

Advancesin conductor technology fdl into the areas of composte materids and high-temperature supercon-
ductors
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High-Temperature Super-Conduding (HT SC) Techndogy: The conductorsin HTSC devices operate a
extremdy low resgances They require refrigeration (generdly liquid nitrogen) to super-cool ceramic super-
conducting materid.

Objetive Tranamit more power in exiging or smaler rights of way. Used for tranamisson lines transform-
e reectors cgpacitors, and current limiters

Bendits Cable occupies|ess oace (AC trangmisson lines bundle three phase together; trandormers and
other equipment occupy andler footprint for same leve of capacity). Cables can be buried to reduce expo-
aureto EMFsand counteract visud pollution issues Trandormers can reduce or diminate cooling oilsthat,
if gilled, can damage the environment. The HT SC itsdf can have along lifetime, sharing the properties
noted for surface cables beow.

Barrie's Maintenance cods are high (refrigeration equipment isrequired and this demandstrained techni-
cdanswith new ills the complexity of sygem can reault in alarger number of falure scenarios than for cur-
rent equipment; power urges can quench (terminate superconducting properties) equipment requiring more
advanced protection schemes).

Commadal Satus A demondration project isunder way at Detroit Edison's Frishie subgation. Four-hun-
dred-foot cablesare being ingdled in the subgtation. SAf-contained devices, such ascurrent limiters may be
added to address areas where pace isat a premium and to Smplify cooling.

Bdow-Surface Cables The gate of the art in underground cablesincdudes fluid-filled polypropylene paper
laminate (PPL) and extruded didectric polyethylene (XLPE) cables Other gpproaches such asgasinaulaed
trangmisson lines (GIL), are being researched and hold promise for future gpplications

Objetive Tranamit power in areas where overhead tranamisson isimpractica or unpopular.

Bendits The benefits compared with overhead tranamisson linesincude protection of cable from wegther,
generdly longer lifetimes and reduced maintenance. These cables address environmentad issues associated
with EMFsand visud pollution associated with trangmisson lines

Barrias Drawbacksindude cogstha arefiveto 10 timesthose of overhead tranamisson and chalengesin
repairing and replacing these cableswhen problems arise. Nonethdess these cables represent have made
great technicad advances thetypicd cod ratio a decade ago was 20 to one.

Commeadal Satus PPL cable technology is more mature than XLPE. EHV (extra high voltage) VAC and
HVDC gpplications exig throughout the world. XLPE isgaining quickly and has advantages low didectric
losses, Imple maintenance, no insulating fluid to affect the environment in the event of sysem failure, and
ever-andler inaulation thicknesses GlLsfeature ardativey large-diameter tubular conductor szed for the
gasinaulation surrounded by a solid metd deave This configuration trandatesto lower resgive and cagpaci-
tive lossss no externa EMFs good cooling properties and reduced totd life-cyce coss compared with
other typesof cables Thistype of trangmisson lineisingdled in ssgmentsjoined with orbital weldersand
run through tunnds Thislineislessflexible than the PPL or XLPE cablesand is thusfar, experimenta and
dgnificantly more expensve than those two dternatives
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Underwater goplication of dectric cable technology hasalong higory. Ingdlations are numerous between
mainland Europe, Scandinavia, and Greet Britain. Thistechnology isaso wel suited to the dectricity sys
temslinking idands and peninaulas, uch asin Southeest Ada The Neptune Project congds of anetwork of
underwater cables proposed to link Mane and Canada Maritime generation with the rest of New England,
New York, and the mid-Atlantic areas

Advanocsd Composte Condudors Usudly, trangmission lines contain ged-core cablestha support srands of
duminum wires, which are the primary conductors of dectricity. New cores developed from compodte
materids are proposed to replace the ged core.

Objetive Allow more power through new or exiging transmisson rights of way.

Bendits A new core congsing of composte fiber maeriads shows promise as gronger than sed-core du-
minum conductors while 50 percent lighter in weight with up to 2.5 timesless sag. The reduced weight and
higher grength eguate to greater current carrying cgpability as more current-carrying duminum can be
added to theline Thisfact dong with manufacturing advances such astrapezoidd shaping of the du-
minum grands can reduce ressance by 10 percent, enable more compact desgnswith up to 50 percent
reduction in magnetic fidds and reduceice buildup compared to gandard wire conductors T histechnology
can beintegrated in thefidd by mog exiging reconductoring equipment.

Barrier's More experience is needed with the new composte coresto reduce totd life-cyce cods
Cammadal Satus Research projectsand tes sysemsarein progress
Transmission Line Configurations

Advances are being madein the configuration of tranamisson lines New desgn processes coupled with
powerful computer programs can optimize the height, srength, and postioning of trangmision towers
insulators and asociated equipment in order to meet engineering sandards appropriate for the conductor
(eg., digance from ground and tenson for a given st of weether parameters).

Towe Dedgn Tods A st of toolsisbeing perfected to analyze upgradesto exiging tranamisson facilities or
theingdlation of new fadilitiesto increase their power-trandfer capacity and reduce maintenance.

Objedive Ease of use and greater goplication of visudization techniques make the process more efficient and
accurate when compared to traditiond tools Traditiondly, lines have been rated conservetivdy. Careful
andyss can discover the unusad potentid of exiging fadilities Visudization tools can show the public the
anticipated visud impact of aproject prior to commencement.

Bendits Avoids new right-of-way issues The cogt of upgrading the therma rating has been etimated at
goproximately $7,000 per circuit mile, but reconductoring a230-kV circuit cogson the order of $120,000
per mile compared with $230,000 per milefor anew sed-pole circuit (Lionberger and Duke 2001).

Barriers Thistechnology is making good inroads

Commedal Satus Severa companies offer commercia products and services
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Sx-Phaze and 12-Phase Trangmisson Line Configurations The use of more than three phasesfor dectric
power tranamision has been gudied for many years Udng sx or even 12 phasesdlowsfor greater power
trander capability within a particular right of way, and reduced EM Fs because of grester phase cancdlation.
The key technicd chdlengeisthe cogt and complexity of integrating such high-phase-order linesinto the
exiging three-phase grid.

Modular Equipment

Oneway to gain flexibility for changing market and operationa stuationsisto deveop gandardsfor the
manufacture and integration of modular equipment.

Objetive Devdop subgation designs and ecificationsfor equipment manufacturersto meet that facilitate
the movement and reconfiguration of equipment in asubgeation to meet changing needs

Bendits Reduces overdl the time and expense for transmisson sysemsto adapt to the changing economic
and reiability landscape.

Barriers Requirestrangmisson planners and subgtation desgnersto condder abroad range of operating sce-
narios Also, devdoping indugry gandards can take aggnificant period, and manufacturerswould need to
offer conforming products

Commeadal Satus Utilities have looked for a certain amount of sandardization and flexibility in thisarea

for sometime however, further work remainsto be done. Nationa Grid (UK) has configured a number of
voltage-support devicestha use modular congruction methods Asthe sysem evolves, the equipment can

be moved to locations where support is needed (PA Consaulting Group 2001).

Universal Trandormer: A single, sandardized design cagpable of handling multiple voltage tranformationsin
the mid ranges of 161/230/345/500 kV on a switch-sdectable bags Added features might be high portabili-
ty, to facilitate emergency deployment from a“drategic reserve’ of auch trandormers, plusthe accommoda-
tion of high phase order trangmisson lines

Exotic Transmission Alternatives

Thefollowing technica gpproaches have been proposad to reduce losses increase capacity, and/or address
stuations where traditiona energy trangport mechanians have shortcomings In al cases tes configurations
have been devdoped, but commerciad implementations have yet to emerge.

Power Beaming (Wirdess Power Trangmision): Power beaming involves the wirdesstrangmisson of dectric
energy by means of ether laser or microwave radiation. Near-term gpplicationsincude transmision of dec-
tric energy for pace gpplications (eg., to orbiting satdlites) from ether aterregria- or gpace-based power
generation platform. Other gpplicationsthat have been sudied include supporting human space exploration
(eg., lunar or Marsmissons). Future gpplications might involve the beaming of energy from orbiting or
even lunar-basad solar power generatorsto terresrid receivers but to date the economics of such asysgem
have remained dusve proponents of such sygems bdieve that they can be competitive within 15 to 25
years
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Ultra-High Votage Levds Because power isequd to the product of voltage times current, a highly effective
gpproach to increadng the amount of power trangmitted on atrangmisson lineisto increase its operating
voltage Snce 1969, the highes tranamisson voltage levesin North America have been 765 kV, (voltage
levdsup to 1,000 kV arein srvice dsawhere). Difficultieswith utilizing higher voltagesincdude the need for
larger towersand larger rights of way to get the necessary phase ssparation, theionization of ar near the sur-
face of the conductors because of high dectric fidds, the high reactive power generation of thelines and
public concerns about EMFs

Active Reinforcing Equipment
Transmission System Devices

Implemented throughout the sygem, these devicesindude capacitors phase shifters, gatic-var compensators
(SVCs), thyrigor-controlled series cgpacitors (TCSC), thyrigor-controlled dynamic brakes and other smilar
devices Usd to adjug sysem impedance, these devices can increase the tranamisson sygem'strander capac-
ity, support bus voltages by providing reective power, or enhance dynamic or trandent gability.

HVDC: With active control of red and reective power trander, HVD C can be modulated to damp o<tilla-
tionsor provide power-flow digpatch independent of voltage magnitudes or angles (unlike conventiona AC
trangmisson).

Objetive HVDC isusd for long-digance power trangort, linking asynchronous control areas and red-
time control of power flow.

Bendits Sable trangoort of power over long digances where AC trangmisson lines need series compensation
that can lead to gability problems HVDC can run independent of sysem frequency and can control the
amount of power sent through theline Thislatter benefit isthe same asfor FACT S devices discussed below.

Barriers Drawbacksincude the high cogt of converter equipment and the need for specidly trained techni-
cdansto mantan the devices

Commadal Satus Many long-digance HVDC linksarein place around the world. Back-to-back converters
link Texas WSCC, and the Eagtern Interconnection in the US. More ingdlations are beng planned.

FACTS Compensatars Flexible AC Trangmisson Sysem (FACTS) devices use power dectronicsto adjust
the gpparent impedance of the sysem. Capacitor banksare gpplied at loads and subgaionsto provide
capacitive reective power to offsat the inductive reactive power typicd of mos power sysem loads and trans
misson lines With long inter-tie tranamisson lines, series cgpacitors are usad to reduce the effective imped-
ance of theline. By adding thyrigorsto both of these types of cagpacitors actively controlled reactive power
isavailable usng SYCsand TCSC devices which are shunt- and series-controlled capaditors, respectively.
Thethyrigorsare used to adjud the totd impedance of the device by switching individuad modules. Unified
power-flow controllers (UPFCs) do fdl into this category.

Objetive FACTSdevices are desgned to control the flow of power through the transmission grid.

Bendits These devices can increase the trandfer capacity of the trangmisson sysem, support bus voltages by
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providing reective power, or be used to enhance dynamic or trangent sability.

Barrier's Aswith HVDC, the power dectronics are expendve and goecidly trained technicians are needed to
maintain them. In addition, experience isneeded to fully underd¢and the coordinated control srategy of
these devices asthey penetrate the sysem.

Cammeadal Satus Asmentioned above, the viability of HVDC sysems has dready been demongrated.
American Electric Power (AEP) hasingdled a FACT Sdevicein itssygem, and anew device was recently
commissoned by the New York Power Authority (N'YPA) to regulate flowsin the northead.

FACT S Phase Shifting Trandorme's Phase shifters are trandformers configured to change the phase angle
between buses they are particularly ussful for controlling the power flow on the trangmisson network.
Adding thyrigor control to the varioustap settings of the phase-shifting trandormer permits continuous
control of the effective phase angle (and thus control of power flow).

Objetive Adjug power flow in the sygem.

Bendits The key advantage of adding power dectronicsto what is currently a non-dectronic technology is
fader repponse time (lessthen one second vs about one minute). However, traditiond phase shifters il
permit redirection of flows and thereby increase tranamision sysem capacity.

Barriers Traditiond phase shifters are deployed today. The addition of the power eectronicsto these devices
isrdativdy graghtforward but increases expense and involves barriers Smilar to those noted for FACTS
compenstors

Commeadal Satus Tap-changing phase shifters are available today. Use of thyrigor controlsis emerging.

FACT S Dynamic Brakes A dynamic brakeisusad to rapidly extract energy from a sysem by inserting a
shunt resganceinto the network. Adding thyrisor controlsto the brake permitsaddition of control func-
tions, such ason-line damping of ungable oillations

Objetive Dynamic brakes enhance power sysem gability.

Bendits Thisdevice can damp ungable ostillationstriggered by equipment outages or sysem configuration
changes

Barriers In addition the power dectronicsisaues mentioned earlier, Sting adynamic brake and tuning the
devicein response to pecific contingencies requires careful gudy.

Commeadal Satus BPA hasingdled adynamic brake on therr sysem.
Energy-Storage Devices

Thetraditiond function of an energy-gorage device isto save production cogs by holding chegply generated
off-pesk energy tha can be digpatched during pesk-consumption periods By virtue of its attributes energy
dorage can d<o provide effective power sysem control with modes incrementd invesment. Different dis
patch modes can be superimposed on the daily cycde of energy sorage, with additiond capacity reserved for
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the express purpose of providing these control functions

Batteries Batteries use convertersto trandorm the DC in the sorage device to the AC of the power grid.
Convertersds operate in the oppogte direction to recharge the batteries

Objedive Sore energy generated in off-pesk hoursto be used for emergencies or on-pesk needs

Bendits Batery convertersuse thyrigorsthat, by the virtue of their ability to rapidly change the power
exchange, can be utilized for avariety of red-time control gpplications ranging from enhancing trangent

to preconditioning the area control error for automatic generator control enhancement. During ther
operationd lifetime, batterieshave asmal impact on the environment. For digributed resources, batteries
do not need to be aslarge asfor large-scde generation, and they become important componentsfor regulat-
ing micro-grid power and dlowing interconnection with theres of the sysem.

Barriers The expense of manufacturing and maintaining batteries haslimited their impact in the indugry.

Cammadal Satus Severd maerids are usad to manufacture batteriesthough large arrays of leed-acid batter-
ies continue to be the mogt popular for utility ingdlations Interes isaso growing in so-cdled “flow batter-
ies’ that charge and discharge aworking fluid exchanged between two tanks The emergence of the
digributed energy busness hasincreased the interest in deploying bateries for regiona energy sorage. One
of the early battery ingdlationsthat demondrated grid bendfit wasajoint project between EPRI and
Southern Cdifornia Edison a the Chino subgation in southern Cdifornia

Supea-conducing Magnetic Energy Sorage (SMES): SMES uses cryogenic technology to sore energy by
circulating current in a super-conducting coil.

Objetive Sore energy generated in off-pesk hoursto be used for emergencies or on-pesk needs

Bendits The benefitsare amilar to those for batteries SMES devices are efficient because of thar super-con-
ductive properties. They are ds0 very compact for the anount of energy sored.

Barriers Aswith the super-conducting equipment mentioned in the passve equipment section above, SMIES
entalls cogsfor the cooling sysem, the specia protection needed in the event the super-conducting device
guenches and the gpecidized killsrequired to maintain the device

Cammadal Satus Severd SVIES units have been commisioned in North America They have been
deployed a& Owens Corning to protect plant processes and a Wisconsn Public Service to address low-volt-
age and grid ingability isues

Pumped Hydro and Compressad-Air Sorage Pumped hydro consggs of large pondswith turbinesthat can
be run in e@ther pump or generation modes During periods of light load (eg., night) excess inexpensve
capacity drivesthe pumpsto fill the upper pond. During heavy load periods, the water generates dectricity
into the grid. Compressed air Sorage usesthe same principle except that large, naturd underground vaults
are usd to dore ar under pressure during light-load periods

Objetive Thistechnology heps shave pesk and can hep in light-load, high-voltage Stuations
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Bendits These gorage sysems behave like conventiona generation and have the benefit of producing addi-
tiond generation sourcesthat can be digpatched to meet various energy and power needs of the sysem. Air

emisson isues can be mitigated when base generation isused in off-pesk periodsasan dternative to poten-
tidly high-polluting pesking units during high use periods

Barrias Pumped hydro, like any hydro generation project, requires Sgnificant gpace and has corregponding
ecologica impact. Theloss of efficiency between pumping and generation aswell asthe ingadlation and
maintenance cogs mug be outweighed by the bendfits

Commadal Satus Pumped hydro projects are gorinkled across North America A compressed-air Sorage
plant was built in Alabama, and a proposad fecility in Ohio may become the world's largest.

Hywheds Flywheds spin a high velocity to sore energy. Aswith pumped hydro or compressed-air Sorage,
the flywhed isconnected to amotor that either accderatesthe flywhed to gore energy or draws energy to
geneadae dectricity. Theflywhed rotors are gpecidly desgned to Sgnificantly reduce losses Super conduc-
tivity technology has dso been deployed to increase efficiency.

Objetive Shave pesk energy demand and hdp in light-load, high-voltage stuations Asadigributed
resource, flywheds enhance power qudity and rdiability.

Bendfits Flywhed technology has reached low-loss high-efficiency levels usng rotors made of composte
materids running in vacuum spaces Emissonsare not an issue for flywheds except those rdated to the
energy expended to accderate and maintain the flywhed sygem.

Barriers The use of super-conductivity technology facesthe same barriers as noted above under super-con-
ducting cablesand SV ES High-energy-gorage flywheds require sgnificant space and the high-gpeed sin-
ning mass can be dangerousif the equipment fails

Cammeadal Satus Hywhed sysems coupled with batteries are making inroads for smal sysems (eg., com-
puter UPS locd loads dectric vehides). Hywhedsrated in the 100 to 200 kW range are proposed for
devdopment in the near term.

Controllable Load

Fagt-acting load control isan important eement in active meaaures for enhancing the trangmisson grid.
Automatic load shedding (under-frequency, under-voltage), operator-initiated interruptible load, demand-
sde management programs, voltage reduction, and other load-curtailment srategies have long been an inte-
ord part of coping with unforessen contingenciesasalas resort, and/or asameans of assiging the sysem
during high gress overloaded conditions Future advancesin load-control technology will leverage the
advent of red-time pricing, enabling consumersto “back off” their loads (either automaticaly through grid-
friendly appliances or through manud intervention) when the priceisright.

Price-Reponsve Load: The dectricity indugry has been characterized by rdatively long-term contracts for
dectricity use Astheindugry regructuresto be more market-driven, adjuging demand based on market
dgndswill become an important tool for grid operators
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Objetive Inform energy users of sysem conditionsthough price gnastha nudge consumption into pos-
tionstha make the sysem more rdiable and economic.

Bendits The approach reducesthe need for new tranamisson and dting of new generation. Providing incen-
tivesto change load in gppropriae regions of the sygem can gabilize energy markets and enhance
sydem rdiability. Shifting load from pesk periodsto less polluting off-pegk periods can reduce emissons

Barriers The vas number of loadsin the sygsem make communication and coordination difficult. Also,
usng economic sgnasin red time or near-red time to affect demand usage has not been part of the control
dructure that has been usad by the indugry for decades A common vison and interface sandards are need-
ed to coordinae the information exchange required.

Commedal Satus Demand-management programs have been implemented in various aress of the country.
These have rdied on centrdized control. With the advent of the Internet and new digributed information
technology gpproaches, firmsare emerging to take advantage of thistechnology with a more digributed con-
trol srategy.

Intdligant Building Sygems Energy can be saved through increasing the eficient operation of buildings and
factories Coordinated utilization of cooling, heating, and dectricity in these etablishments can sgnificantly
reduce energy conaumption. Operated in a sygem that supports price-regponsve load, intdligent building
gydems can benefit sysem operations Note these sysems may have their own, loca generation. Quch sys
tems have the option of sdling power to the grid aswdl as buying power.

Objedive Reduce energy coss and provide energy management resources to sabilize energy marketsand
enhance sygem rdiability.

Bendits Quch sysems optimize energy consumption for the building operators and may provide sygem
operatorswith energy by reducing load or increesing loca generation basad on market conditions

Barrias These sysemsrequire agreater number of sensors and more complex control schemesthan are
common today. Should energy market access become available a the building levd, the price incentives
would increase.

Commerdal Satus Pilot projects have been implemented throughout the country.
Generation

Devicestha are desgned to improve the efficiency or interface of generation resources can

be used for power sysem control. Advanced converter conceptswill play an increasang role, providing power
converson between DC and AC power, for resources such aswind, solar, and any non-synchronous genera
tion. Converter concepts such as pulse width modulation and sep-wave inverterswould be particularly
useful for incorporating DC sourcesinto the grid or providing an asynchronous generaion interface.
Asynchronous generation has been proposed for increasing the efficiency of hydrodectric generaion, which
would dso have the advantage of providing control functions auch asthe ability to modify the effective
inertia of generators

Didributed Generation (DG): Fud cdls micro-turbines diesd generators and other technologies are being

Advancad TransnissionTehndoges F-41



integrated usng power dectronics Asthese digributed resourcesincrease in number, they can becomeasg-
nificant resource for rdiable sysem operations Their vag numbers and teaming with loca load put them in
admilar category to the controllable load discussed above.

Objetive Addresslocd demand cog-effectively.

Bendits DG isgenerdly easier to Ste, entalssmdler individud financid outlay, and can be morerapidly
ingdlation than large-scde generation. DG can supply loca load or sl into the sysem and offers owners
sdf-determination. Recovery and use of wase heat from some DG grestly increases energy efficiency.

Barriers Volatility of fud costs and dependence on the fud ddivery infrastructure crestesfinancid and rdia
bility risks DG units require maintenance and operations expertise, and utilities can st up discouraging
rulesfor interconnection. Sysem operators have 0 far had difficulty coordinating the impact of DG.

Commedal Satus Deployment of DG units continuesto increase. Aswith controllable load, sygsem opera-
tions are recognizing the potentid podtiveimplications of DG to gabilize market prices and enhance sysem
reiability though thisrequires a different way of thinking from the traditiona, hierarchica control para-
digm.

Real-time Monitoring

This section discussesthe impact of new hardware technology on the capacity to sensein red time the load-
ing and limits of individual sysem devicesaswell asthe overdl sate of the sysem. The capability of the
dectricity grid isregricted through acombination of the limitson individua devices and the composte
loadability of the sysem. Improving monitoring to determine these limitsin redl time and to messure the
sydem datedirectly can incresse grid cgpability.

Power-System Device Sensors

The operation of mog of the individud devicesin apower sygem (such astrangmisson lines cables trans
formers and circuit bregkers) islimited by each devicgsthermd characterigics In short, trying to put too
much power through adevice will cause it to heat excessvely and eventudly fal. Because the limitsare ther-
md, their actua vaues are highly dependent upon each devices heat disspation, which isrdated to ambient
conditions The actud flow of power through most power-sysem devicesis dready adequatdy messured.
The nead isfor improved sensorsto dynamicaly determine the limits by directly or indirectly messuring
temperature.

Diredd Measurement of Condudor Sag For overhead trangmisson linesthe ultimate limiting factor isusudly
conductor sag. Aswires heat, they expand, causng the lineto sag. Too much sag will eventudly reault in a
short circuit because of arcing from the line to whatever isunderneath.

Objetive Dynamicdly determine line capacity by directly measuring the sag on criticd line ssgments

Bendits Dynamicdly determined line ratings alow for increased power cgpacity under mogt operating
conditions

F-42 National Tranamision Grid Sudy



Barriers Requires continuous monitoring of critica gpans Cog depends on the number of critica gansthat
mug be monitored, the cog of the assodiated sensor technology, and ongoing cogt of communication.

Cammeada Satus Precommerdd unitsare currently being tesed. Approachesindude @ther video or the use of
differentid GPS EPRI currently isteging avideo-basd “ssgometer.” An dterndiveisto use differentid GPSto
directly messure sag. Diffarentid GPS has been demondrated to be accurate sgnificantly bdow haf ameter.

Indired Measurement of Condudtor Sag Trangmisson line sag can <o be esimated by physcaly messuring
the conductor temperature usng an ingrument directly mounted on the line and/or a second ingrument
that measures conductor tendon a the insulator supports

Objetive Dynamicdly determine the line capacity.

Bendits Dynamicdly determined line ratings alow for incressed power capacity under mogt operating
conditions

Barriers Requires continuous monitoring of critica gpans Cog depends upon the number of critica Pans
that mug be monitored, the cog of the associated sensor technology, and ongoing costs of communication.

Commeaadal Satus Commercid unitsare available.

Indired Measurement of Trandormer Coil Temperature Smilar to trangmisson line operation, trandormer
operation islimited by therma congraints However, trandformers condraints are locaized hot gpotson the
windingsthat reult in breskdown of insulation.

Objetive Dynamicdly determine trandormer cgpacity.

Bendits Dynamicaly determined trandformer ratings dlow for increased power capacity under mog operat-
ing conditions

Barrier's The ample use of oil temperature measurementsisusualy conddered to be unrdigble.

Commerdal Satus Sophigicated monitoring tools are now commercidly available that combine severd dif-
ferent temperature and current measurementsto dynamicdly determine temperature hot spots

Underground/Submarine Cable Monitaring/Diagnodics The bd ow-surface cable sysems described above
require red-time monitoring to maximize their use and warn of potentid falure.

Objedive Incorporate red-time sensng equipment to detect potentidly hazardous operating stuaions as
wel asdynamic limitsfor ssfe flow of energy.

Bendits Monitoring equipment maximizesthe use of the tranamisson as=t, mitigatesthe risk of falure and
the ensuing expense of repair, and supports preventive maintenance procedures The basc senang and moni-
toring technology is available today.

Barriers Thelevd of sophidtication of the ssnsng and monitoring equipment addsto the cogt of the cable
gydem. The use of dynamic limitsmus dso be integrated into sysem operation procedures and the asodiat-
ed tools of exiging control facilities
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Cammadal Satus Newer cable sygems are being designed with monitoring/diagnogicsin mind. Cable
temperature, dynamic thermd rating calculaions partid discharge detection, moisure ingress, cable dam-
age, hydraulic condition (as appropriate), and loss detection are some of the sendng functionsbeing put in
place. Multifunctiona cables are d<o being desgned and deployed (particularly submarine cables) that
include communications capabilities Monitoring isbeing integrated directly into the manufacturing process
of these cables

Direct System-State Sensors

In some Stuations trangmisson cagpability isnot limited by individua devices but rather by region-wide
dynamic loadability condraints Thexindude transent gability limitations oscillatory gability limitations
and voltage gability limitations Because the time frame associated with these phenomenais much shorter
than that asodiated with therma overloads predicting, detecting and responding to these events requires
much fader red-time date sensorsthan for thermd conditions The sysem dateis characterized ultimatey
by the voltage magnitudes and angles at dl the sysem buses The god of these sensorsisto provide these
dataa ahigh sampling rete.

Power-Sygem Monitors

Objetive Collect essntid sgnas (key power flows busvoltages darms etc.) from locd monitors available
to Ste operators Hectivdy forwarding to the control center or to sygem andyds

Bendits Providesregiona surveillance over important parts of the control sysem to verify sysem perform-
ancein red time.

Barrigs Exiging SCADA and Energy Management Sysems provide low-gpeed data accessfor the utility's
infragructure. Building a network of high-gpead data monitorswith intra-regiond breadth requires collabo-
ration among utilitieswithin the interconnected power sysem.

Commeadal Satus BPA has devdoped anetwork of dynamic monitors collecting high-gpeed data, firs with
the power sysem andyss monitor (PSAM), and later with the portable power sysem monitor (PPSM),
both early examples of WAM S products

Phasor Measurement Units(PMU9

Objetive PMUs are synchronized digitd transducersthat can gream data, in red time, to phasor data con-
centrator (PDC) units The generd functionsand topology for this network resemble those for dynamic
monitor networks Data qudlity for phasor technology appearsto be very high, and secondary processing of
the acquired phasors can provide a broad range of Sgnd types

Bendits Phasor networks have best vduein applicationstha are misson critica and that involve truly wide-
area measurements

Barrigs Edablishing PMU networksissraghtforward and has dready been done. The primary impediment
iscog and aswring vaue for the investment (making best use of the data collected).

Commedal Satus PMU networks have been deployed at severd utilities acrossthe country.
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