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Executive Summary

Purpose of this Study

Electric power transmission system issues are increasingly important as utilities and their
" regulators evaluate options for:

_, • expanding the capacity of utility systems, and,
• increasing the competition in the generation sector.

There has been growing interestin this subject,accompaniedby a substantialpolicy debate. The
focus of this debate has been primarilyat the national level. Yet state action is critical to the
expansion of the high-voltage transmission network, because regulated utilities must seek
approval from utility commissions for proposals to site new lines. The siting process brings all
the policy issues debated in general terms down to case and circumstance specifics.

It is the purpose of this report to survey the regulatorytreatmentof issues that are unique to or
ubiquitous in transmission planning and use. We review recent transmission siting case,s to
examine how the issues are presented to and resolved by state regulatory commissions and to
provide a perspective for more general discussion of transmissionpolicy. Our primary focus
is on planning issues. Regulatory approval requires that satisfactory answers be given to the
basic question, 'Why should a particular project be built?' This is typically the framework
adopted when utilities propose new bulk power capacity additions.

Transmission capacity expansion is not typically treated in integrated resource planning. It is
usuallyassumed that there is adequate transmissionto achieve any particular plan. We believe
that one important reason for this omission is the inherent complexity of transmission system
expansion. It is among the most technically difficult aspects of electric utility planning and
operations, relying on detailed technical data. This complexity is exacerbated by conflicts that
arise from the increasing competition in the generation sector. This competition leads to
conflicts over the use of the transmissionsystem. Unfortunately,handling difficult and detailed
technical information in settings of conflict can easily lead to opportunism. Regulators and
competitorsmay be ata seriousdisadvantage in negotiating or adjudicatingspecific transmission
proposals with utilities, who generally have greater knowledge of both general technological
considerations and case specifics. This problem of asymmetric information must be addressed

. at some level in planning or dispute resolution. However, we will observe that explicit
consideration of the information problem is absent from most regulatoryand technical analysis
of transmission.

The goal of this survey is to share knowledge about the problems facing state regulators over
the siting of new transmission facilities, and help to define constructive approaches to them.
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Organization of Report

Our study is organized as follows: in Chapter2, we define a typology of issues thatwill be used
to organize our survey of cases. The typology considers three general categories: institutional,
technology structure, and informational complexity. The case studies are divided into three
groups. In Chapter 3, we examine the treatment of transmission in utility Integrated Resource
Plans (IRPs). We find that current practice of IPP involves a very limited role for transmission
issues. These limits axedue to the informationcomplexity problem, the regional natureof major
transmissionprojects (as opposed to the state focus of IRP) and other factors. In Chapter 4, we
examine transmission construction projects under the jurisdiction of state commissions. Each -
study highlights one or more of the issues raised in Chapter 2. Collectively, the studies indicate
that each of the issues we raise has been left unresolved in practice in some major transmission
project.

In Chapter 5 we review a number of initiatives by both private and public organizations for
frameworks to resolve transmission issues. They treat both the issues involved with new
construction, and also access to existing transmission by third parties. We examine each
proposal, legislation, framework, or case from the perspective of the issues described in
Chapter 2. We ask: 'if the key points of this initiative were used to assess the transmission
projects described in Chapters 3 and 4, then would the issues raised in Chapter 2 be resolved
coherently?' We conclude that many perform relatively poorly on various issues; however,
combinations of initiatives, particularly combinations of complementary State and regional
initiatives, may be able to resolve almost ali of the issues simultaneously.

Chapter 6 focuses on the role of complex economic-engineering analysis in transmission
planning. We describe state-of-the-art transmission planning, indicate the studies that are
actually performed in practice to analyze wheeling transactions by several California utilities,
and then survey the software available in the public domain. The discussion of theoretical
analysis will indicate the complexity of transmission planning, providing a context for the
discussion of practical transmission planning.

Chapter 7 offers conclusions.

Typology of Regulatory Issues in Transmission

Table ES- 1 summarizes the list of issues that have been explicitly consideredby regulatoryagen-
cies in our case studies and also issues that may warrantconsideration, but which have not
appearedprominently in regulatory discussions to date.

We divide the issues into three major categories: institutional; technology structure; and,
decision-making complexity issues. Institutionalissues (see Section 2.2) include competition
between transmission-owning and transmission-dependent utilities (TDUs) over access to



transmission. We genetically call this 'wheeling access.' The most complete consideration of
this issue is found at the federal level, in merger conditions (for example, PacifiCorp (see
Section 5.4.3)) or as license conditions for nuclear plants (for example, the Central Area Power
Coordinating Pool (CAPCO) agreements (see Section 5.4.2)). Competition issues associated
with unregulated private producers, which are qualitatively different from inter-utility
competition, are treated separately. Our case study of the Kramer-Victor transmission
reinforcements(see Section 4.4) illustrates these issues.

Three pervasive institutionalproblems in the regulation of transmission planning are:

1. Asymmetricregulatoryconstraintson differenttypes of entities in the utility industry.
The governance of municipaland investor-owned utilities differ considerably, and
both are distinct from the controls on private producers;

2. The adoption of differing objectives by various regulatory agencies. This problem
is magnified by the occasional difficulty in discerning the objectives of regulatory
agencies; and,

3. The distinctionbetween pecuniarybenefits, which arise from side payments between
participants, and real benefits; that is, social efficiencies.

The California-Oregon TransmissionProject(COTP) raises all of these issues (see Section 4.3).

Effective regulatory oversight can be constrained by the information asymmetries between
regulatorsand the utilities and amongst utilities. Independentanalysis and verification of utility
positions is severely constrainedby the limited availabilityof verifiable proprietary information
concerning, for example, transfer capacity limits and by the lack of independent technical
capability to review studies critically. The problem of information asymmetries is compounded
by the lack of standardsin assessment of transmissioncapacity.

A second category of transmissionplanning issues is inherently tied to technology structureor
characteristics (see Section 2.3). We describe the distinctions between radial and network
transmission expansion and note that transmission often involves externalities; that is, situations
in which the actions of one party have effects on others. Most transmission-related externalities
are negative, that is, costs are imposed on third parties; however, in some cases, the externalities
are positive. Identifying and assessing the impact of externalities must precede some method
to compensate for their effects, or to allocate their costs. Because of jurisdictional boundary
issues, the presence of externalities on a regional scale brings into question the ability of state
regulation to pose and answer relevant questions in cost/benefit analysis. A related issue is the

- synergistic effects of combinations of projects.

Economies of scale and economies of scope are also common issues in transmission planning.
_" Both economies stem from the inherently multi-purpose nature of transmission, which serves

both multiple generators and loads. These characteristics are intrinsic to transmission projects
and present major equity problems in allocating the cost of projects to participants. We assess
these issues and also address risk in speculative building of transmission that takes advantage of
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Table ES-1
Summary of Issues that Arise in Transmission Planning

,m

Category Issue Features
J_ ii i. j w i i i H

Competition Wheeling Access for TDUs -
i ,=

Independent Power
. |.

Asymmetric Constraints

Institutional Regulation State and Regional Conflicts
i

Pecuniary versus Real Benefits

Information Asymmetries
|. i i.

Standm'ds
i ii T i'-' ill roll i, li i : " i i i

Line Radial

Characteristics Network

Technology Network Negative
i

Extemalities Positive

Synergies

Economies Intertemporal Allocation

Structure of Growth Uncertainties
i i

Scale Unsustainability

Economies of Scope
I , i r , 'ill 1, lliHi i i i ,1,,1, , i

Decision- Feasibility Operations
_,..

Making versus Planning
i

Complexity Optimality Operations and Planning

economies of scale. The Duquesne-GPU transmission line proposal raises these questions (see
Section 4.5).
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The third category of issues stems from the decision-making complexity of transmission
planning, which makes it difficult to define an oplimal expansion plan (see Section 2.4).
Instead, the goal of transmission planning is often feasibility with respect to a set of criteria,
including fmancial viability, rather than optimality. We discuss the feasibility versus optimality
issue both in the short term from an operationalpoint of view and also in the long term for
transmission construction.

h,

Conclusions and Suggestions

We first consider the tension inherent in transmission planning due to regulation and
competition. Under traditional rate of return regulation, profit-maximizing transmission-owning
utilities (TOUs) have two ap,r,arentlyconflicting desires:

1. according to the Averch-Johnson model, profit maximization encourages them to
over-invest in capital to the extent that it can be rate-based, while,

2. to limit competition from independent producers and other utilities in the generation
sector, the utilities are motivated to undersupply transmission service, even if there
is excess capacity available.

As we demonstrate in the Kramer-Victorand COTP case studies, these goals are not necessarily
incompatible:

• In gramer-Victor, the utility was given PUC approval to invest in and ratebase
considerable transmission in excess of that needed by Qualifying Facilities (QFs), but
also limited the control and ownership of lines by the QFs.

• In COTP, it is possible that the Pacific Intertie capacity could have been increased
much more economically by expansion remote from the Pacific Northwest, while the
IOUs wanted to limit the Pacific Intertie capacity owned by competitors.

These examples inustrate the potential problems in a regulated monopoly interacting with
unregulated participants or participants bound by different regulatory constraints. The
Duquesne/GPU project also combines elements of regulated and unregulated ventures. The
contractual arrangements of the Duquesne/GPU project may be able to avoid some of the institu-
tional conflict that has arisen in the California Case Studies.

Secondly, we discuss information asymmetries. In Devers-Paio Verde 2 (see Section 4.2) and
" to a lesser extent Kramer-Victor,regulatoryproceedings relied on considerable informationthat

was private to the utility and which only gradually, if ever, became public knowledge. The
issue of private informationis central to transmission.

The initiativ:s discussed in Chapter5 are ali potential candidatesfor solving the problemsraised
by the case studies in Chapters 3 and 4. None of the initiatives addressall the issues; however,

xiii
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combinationsof several of them could collectively addressthem all. A promising model is the
Wisconsin Advance Plan (WAP) (see Section 5.3.1), but the success of the WAP depends on:

1. comprehensivejurisdictic-',in Wisconsin; and,
2. relatively equal competitive positions among the utilities that effectively discipline

them to truthfully reveal their characteristics.

The Public Service Commissionof Wisconsin's (PSCW's) comprehensive regulatorypower has
enabled it to set up a planning process that can, in principle, incorporate ali issues while
balancing protagonists' interests. Furthermore, there is 9ossibly enough equality between
individualWisconsin utilities so thatcompetition c_aldiscipline their submissionsto the PSCW.

However, the PSCW's regulatory power should be strongly contrastedwith, for example, the
regulatory jurisdiction in California, where only IOU participation in transmissionprojects is
regulated. Direct applicationof many aspectsof the Advance Plan process in statesother than
Wisconsin would therefore require changes to laws. The structure of the Vermont Electric
Transmission Company (VELCO) or voluntary associations such as the Large Public Power
Council (LPPC)or the WesternAssociation for TransmissionSystems Coordination(WATSCO)
may be a viable alternative for embodying the.Advance Plan principles, while also avoiding the
need for legislative changes.

The information issue is more problematic. In the case of Wisconsin, the Wisconsin utilities
have pooled their collective knowledge of system loadflow and generation data pertaining to
Wisconsinand mostof the rest of the Midwestin orderto facilitate transmissionstudies. While
each Wisconsin utility might individuallywant to restrictaccess to information about its system,
the discipline of multiple protagonistsof approximately equal size and expertise helps to reveal
the information.

The Wisconsin Advance Plan model may therefore be more applicable at a inter-regional
planning level, where each region couldpool enoughresources collectively to perform adequate
technical studies of inter-regional transmission. We argue that competing regional interests
would possess enough resources to perform inter-regionalanalyses that would discipline submis-
sions to a planning body. The main concern of an inter-regional planning body would be to
provide adequate inter-regional transmissioncapacity, while avoiding major over-spending on
capital projects. A voluntary inter-regionalcompany or association along the lines of VELCO
or WATSCO, couldprovide a forum for this planningwithout significantlegislative changes and
without ongoing litigation over transmission access.

At the intra-regional level, we agree with the FERC Transmission Task Force Report in
suggesting that slight over-buildingof transmissionmay be a small price to pay for competition
in generation. This would mesh well with an intra-utilityresource acquisition frameworksuch
as PG&E's multi-attributebidding framework (see Section 5.2.4), which, we argue, functions
best in the presence of some excess transmission capacity. Furthermore, issues such as
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transmission access for independent power, which are not prominent in the Advance Plan
Process, could be resolved through a frameworksuch as PG&E's.

Summarizingthese observations, the role of transmission associations and companies and of
regulation would be restrictedto two areas:

1. prevent majorover-building at the inter-regionalscale, and,
2. encourage minor over-buildingat the intra-regionalscale, both between utilities and

within a given utility's transmission network to accommodate transmission
transactions.

We propose that large transmissionprojects would be evaluatedby a regional association in the
same way as the Wisconsin InterfaceStudy. Problems such as externalities would fall naturally
within the compass of a regionalplanning body. Inter-regionalplanning could be pursued to a
great extent under existing state regulation; however, to solve issues such as asymmetric
regulatoryconstraints, legislative changes would be required in some states.

Several issues remain that seem problematic, including optimal network expansion planning
considering economies of scale and uncertainties in growth. The large-scale transmission
planning software models we review approximatenetwork expansion by assuming that lines are
radial and by ignoring economies of scale. The reason for these approximationsis ultimately
the complexity of optimal network expansion, both computationally and because of the
informationburdenit imposes, particularlyas regards future demand and generation scenarios.
While there is considerable theoreticalworkon optimal networkexpansion, there does not seem
to be any commercial software with this capability. The industry could benefit significantly
from practical software that performed true network expansion planning that considered
economies of scale. Building blocks for this software would be better techniques for
characterizing transmission system capability.

Uncertainties in future load growth provide special challenges because of the riskassociated with
takingadvantage of economies of scale. One way to amelioratethe risk due to future uncertain-
ties in network expansion is to delay commitments to new incremental transmission by
temporarily increasing transmission capacity through technology such as 'Flexible AC
Transmission' (FACTS). FACTS technology can be used to increase the transfer ratings of
existing lines. Its advantages include:

1. it can be relocatedin a system as requirementschange, and,
- 2. it can be added in relatively small incrementswithout sacrificing economies of scale.

If need for increased transmission capacity is then established in the long-run, transmission line
" construction can be undertaken and the FACTS equipment moved to another line. Using

FACTS to temporarily increase transfer capacities can reduce the risks of uncertain futures by
delaying commitment to large capital-intensive projects.
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In conclusion, we observe that significant progress is possible in regulatory treatment of
transmission through use of proposals and ideas that are currently being tested. Better software
models would benefit the industry significantly.
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Chapter 1
Introduction

1.1 Purpose of this Study
,b

Electricpower must be moved from generatorsto load centers over transmissionand distribution
networks. These networks are large, complex, and valuable. They are owned and used by

" potentiallycompeting participants. Issues concerning the transmissionsystem are increasingly
important, as utilities and their regulatorsevaluate options for:

* expanding the capacity of utility systems, and,
* increasing competition in the generationsector.

There has been growing interest in this subject, accompaniedby a substantialpolicy debate. The
focus of this debate has been primarilyat the nationallevel. Yet state action is critical to the
expansion of the high-voltage transmission network, because regulated utilities must seek
approvalfrom utility commissions for proposals to site new lines. This siting process brings all
the policy issues debated in general terms down to case and circumstance specifics.

It is the purpose of this report to survey the regulatorytreatmentof issues that are unique to or
ubiquitous in transmissionplanning and use. We review recent transmission siting cases to
examine how the issues are presented to and resolved by state regulatory commissions. Our
primary focus is on planningissues and to provide a perspective for more general discussion of
transmissionpolicy. Regulatory approvalrequiresthat satisfactoryanswers be given to thebasic
question, 'Why should a particularproject be built?' This is typically the framework adopted
when utilities propose new bulk power capacity additions.

Transmission capacity expansion is not typically treated in integrated resource planning. It is
usuallyassumed that there is adequate transmissionto achieve any particularplan. We believe
that one important reason for this omission is the inherent complexity of transmission system
expansion. Analysis of transmission issues is among the most technically difficult aspects of
electric utility planning and operations, relying on detailed technical data. This complexity is
exacerbatedby conflicts that arise from the increasingcompetitionin the generation sector. This
competition leads to conflicts over the use of the transmissionsystem. Unfortunately, handling
difficult and detailed technical informationin settings of conflict can easily lead to opportunism.

" Regulators and competitors m_y be at a serious disadvantage in negotiating or adjudicating
specific transmission proposals with utilities, who generally have greater knowledge of both

,. generaltechnological considerationsandcase specifics. This problemof asymmetricinformation
must be addressed at some level in planning or dispute resolution. However, we will observe
that explicit considerationof the informationproblem is absent from most regulatoryand techni-
cal analysis of transmission.



The goal of this survey is to share knowledge about the problems facing state regulators over
the siting of new transmission facilities, and help to define constructive approaches to them.

1.2 Organization of Report

Our study is organized as follows. In Chapter 2, we define a typology of issues that will be
used to organize our survey of cases. The typology considers three general categories of issues:
institutional, technological, and decision-making. This section serves as an overview of the
conflicts that arise more specifically in our case studies, an introduction to basic features of "
transmission technology, and a constant reminderof how the technical complexity of bulk power
transmission influences decision-making. A commonthread in the cases surveyed is the conflicts
among objectives that must be resolved in _¢gulatory decision-malting or through other
mechanisms such as markets. These conflicts, described in following chapters, often combine
fundamental issues of regulatory policy with technical questions. The resolution of these
transmission planning cases requires understandingof both the t_hnological and the institutional
issues. Unfortunately, much analysis in the literature is limited in its treatment of the
technological details or of the institutional constraints. Furthermore, piecemeal analysis of
institutional and technological considerations allows the technological issues to be manipulated
in pursuit of institutional goals. We try to draw these issues together into a coherent picture.

The case studies are dividedinto threegroups in Chapters3, 4, and 5, respectively. In Chapter
3, we examine the treatment of transmission in four Utility Integrated Resource Plans (IRPs).
Integrated resourceplanninghas traditionallyfocusedon just supplyand demand. However, the
transmission system is the link between generation sources and end-use customers, and the
emergence of significant transmissionconstraints in recent years has promptedseveral utilities
and StateCommissions to consider transmissionmoreexplicitly in integratedresource planning.
The utility IRPs considered are: (1) Florida Power Corporation, (2) Nevada Power Company,
(3) Niagara MohawkPower Corporation (NIMO), and (4) Pacific Gas and Electric's (PG&E's)
Delta Project.

In Chapter4, we examine_five transmission constructionprojects under the jurisdiction of state
regulatorycommissions. AI"-0Tothe_ projects involve interactions that are external to a single
utility. The inter-connecting parties in these cases may be competitors or co-operators; but
whatever their status, they must share in the costs and the benefits. Typically, it is the
estimation of benefits which is difficult. In the presenceof competition, allocation of costs can
become contentious. The_projectswe examine are: (1) SecondDevers-Palo Verde Line (DPV2),
(2) California-Oregon Transmission Project (COTP), (3) Kramer-Victor Line (K-V), (4) v
Duquesne Light/GPU Joint Venture (DL/GPU), and (5) Consumers Power-Public Service of
Indiana Line (CP-PSI).

t

Each studyhighlights several of the institutional, technological, or decision-making issues raised
in Chapter2. Collectively, the studies indicate that one or more of these issues has been left
unresolved in practice in each major transmissionproject.



Many organizations, both privateand public, have proposed or are actively using frameworks
to resolve transmission issues. These initiatives treat both the issues involved with new
construction, as exemplified in the case studies in Chapters3 and 4, and also access to existing
transmission for third parties. In Chapter 5 we select the following utility proposals and
frameworks for review: (1) the Vermont Electric Transmission Company, (2) the Western
Systems Power Pool, (3) the Large Public Power Council Proposal, and (4) Pacific Gas &

. Electric's Multi-AttributeBiddingFramework.

We then review the Public Service Commission of Wisconsin 'Advance Plan' process and the
.. CaliforniaPublic Utilities Commission Rules on Access to ComputerModels.

At the Federal level, the Nuclear Regulatory Commission, the _ederal Energy Regulatory
Commission, and Federal Courthave adjudicatedseveral watershed cases that set precedent, or
at least suggest future trends in Federal legislation or policy. In Chapter5, we consider the
following Federally adjudicatedca_s: (1) Pacific Gas and Electric's Stanislaus Commitments,
(2) Toledo Edison and Cleveland Electric NuclearPlant License Conditions, and (3) Utah Power
and Light-PacifiCorp Merger Conditions.

We examine each proposal, framework, legislation, or case from the perspective of the issues
described in Chapter 2. We ask: 'if the key points of this initiative were used to assess the
transmissionprojects described in Chapters3 and 4, then would the issues raised in Chapter 2
be resolved coherently?' Unfortunately, many perform relatively poorly on various issues;
however, we believe that combinations, particularlycombinations of complementary State and
regional initiatives, may be able to resolve almost ali of the issues simultaneously.

Chapter 6 focuses on the role of complex economic-engineering analysis in transmission
planning. We summarize state-of-the-art transmissionplanning as described in StoU (1989) to
serve as a bench-mark for comparison, briefly indicate the scope of the studies that are actually
performed in practice to analyze wheeling transactionsby a samplingof Californian utilities, and
then survey the software availablefor use in administrativeadjudication. The software packages
are: (1) Decision Focus' model of California transmission, (2) Pacific Gas and Electric's
LOCATION, (3) Meta Systems' WRATh, and (4) Sierra Energy and Risk Assessment's
SERAM.

To complement our description of planning models in Chapter6, we include in the Appendix
a discussion of the characteristicsof the electric system that necessitate these sophisticated and
comprehensive models and survey some of the relevant economics literature on the economics

- of informationrevelation and transmissionsystem regulation.

In Chapter 7, we offer conclusions and suggestions for additional research.
,m,
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Chapter 2

A Typology of Regulatory Issues in Transmission

2.1 Overview

In this chapter we present a typology of transmissionplanning and capacity issues. Our list
(which is summarizedin Table 2-1), consists of issues that have been explicitly considered by

" regulatory agencies in our case studies and also of issues that may warrantconsideration but
which have not appeared prominently in the regulatory discussion to date. We illustrate the
issues with simplified examples that allow each issue to be discussed separately. Our discussion
augmentsand complementsthe issues describedin the FederalEnergy RegulatoryCommission's
(FERC's) TransmissionTask Force Report (FERC 1989); i:, the National Regulatory Research
Institute Report (NRRI) on Wheeling (NRRI 1987); and, in the United States Office of
Technology Assessment (USOTA) Report on Wheeling (USOTA 1989).1

We divide the issues into three major categories: institutional; technology structure; and,
decision-makingcomplexity. We first addressthe category of institutionalissues, beginning with
competition between transmission-owningand transmission-dependentutilities over access to
transmission. We will generically refer to this as wheeling access. The competition issues
associatedwith unregulatedprivate producers,which arequalitativelydifferent from inter-utility
competition, are treated separately.

Three pervasive institutional problems in regulation that we confront are:

1. asymmetricregulatory constraintson different types of entities in the utility industry;
2. the adoptionof differingobjectives by differentbranchesof regulation. This problem

is magnified by the occasional difficulty in discerning the objectives of regulatory
agencies; and,

3. the distinctionbetween pecuniarybenefits, which arise from side payments between
participants, and real benefits, such as, for example, gains of trade.

These issues arecomplicated by the informationasymmetries between regulatorsand utilities and
also information asymmetries amongst utilities. Independentanalysis and verification of utility
positions is severely constrainedby the limited availability of verifiable proprietaryinformation
concerning, for example, transfer capacity limits and also, by the lack of independent

" technological capability to review studies critically.

. The final institutional issue we discuss is the adoptionof standards. Standardsreduce the cost
of participationin a system by unifying procedures. For example, uniform standards for

The last two references give excellent descriptions of operational issues in electric transmission.
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assessing transmission capability would aid in the verification of utility proposals for the
necessity of transmission expansion.

The second majorcategory of issues we discuss is due to technology structure. We describe the
distinctionsbetween radialandnetworktransmissionexpansionand note that transmissionoften
involves externalities; that is, situationsin which the actions of one party have effects on others.
Most transmission-related externalities are negative; that is, costs are imposed on thirdparties;
however, in some cases, the externalities are positive. Identifying and assessing the impact of
externalities must precede some method to compensate for their effects, or to allocate their costs.
Becauseof jurisdictional boundaryissues, the presenceof externalities on a regional scale brings ..
into question the ability of state regulation to pose and answer relevant questions in cost/benefit
analysis. A related issue is the synergistic effects of combinations of projects.

Two further, technological issues that are distinct from externalities are:

1. economies of scale, and,
2. economies of scope.

Both issues stem from the inherently multi-purpose nature of transmission, which serves both
multiple generators and loads. These characteristics are intrinsic to transmission projects and
present major equity problems in allocating the cost of projects to participants. We assess these
issues and also address risk in speculative building of transmission that takes advantage of
economies of scale. Some readers may wish to begin with the technology structure discussion
(Section 2.3) before addressing institutional questions (Section 2.2).

The third category of issues stems from the complexity of decision-making in transmission
operations and planning, which makes it difficult to operate the transmission system optimally
or plan transmission expansion optimally. Instead, the goal of transmission operations and
planning is often f_:asibilitywith respect to a set of criteria, including financial viability, rather
than optimality. We discuss the feasibility versus optimality issue both in the short-term from
an operational point of view and also in the long-term for transmission construction. Then the
balance between these short-term and long-term goals is discussed.

Table 2-1 summarizes these issues. In the following subsections, we define them in detail.



Table 2-1
Summary of Issues that Arise in Transmission Planning
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2.2 Institutional Issues

2.2.1 Competition

We describe two forms of competi_on in the utility industry: between utilities over access to
transmissionservices such as wheeling, andbetween utilities and inJependent power producers.

Wheeling Access for Transmission Dependent Utili_s
v

Ownership,control, and access to transmissionlargely defines the competitive balance between
the transmission-owningand the transmission-dependentutilities (TDUs). Broadly speaking,
TDUs owned by local governments have historically been at a competitive disadvantage in
securing contractsfor supply relative to the investor-owned sector, which has typically owned
the transmissionsystem. Publicly-owned municipalutilities 0VIUNIs)have traditionallyhad to
depend on wholesale purchases from larger local investor-owned utilities (IOUs). These
wholesale transactions are currentlyregulatedby the FERC.

There are exceptions, where publicly-ownedutilities in large municipalities, such as the City of
Los Angeles have achieved scale economies in generation and have constructed their own
transmissionfacilities to reach low cost resources. Furthermore,in recent years, the economic
balance has begun to shift as a number of aggregation mechanisms have been created that
increase the ability of small municipalitiesto sponsor their own joint projects or participatein
large IOU projects. These mechanisms include:

1. joint-action power agencies, and
2. ruralelectrification administrationgenerationand transmissionco-operatives.

In the 1970s, a numberof individualmunicipalitiesandjoint action agencies soughtparticipation
in large nuclear power plant projects sponsored by IOUs. Statutoryauthority over anti-trust
issues was grantedto the Atomic Energy Commission (AEC) and its successor, the Nuclear
Regulatory Commission (NRC). Transmissionservice was made a licensing condition for a
nucleargenerationplant in a settlementknownas the Stanislausagreement(NRC 1981). Under
the Stanislaus agreement, which will be reviewed in detail in Section 5.4, Pacific Gas and
Electric Company (PG&E) agreed to provide transmission service to the Northern California
Power Agency (NCPA), a group of small geographically dispersed municipalities. We also
discuss a relatedcase, the Central Area Power Coordinating Pool (CAPCO) agreements, which
has had more far-reaching practical impacts.

Although the Stanislausagreement has turned out to be an unwieldy guarantee of transmission
service,thecaserepresentsan importantlandmarkinan increasingseriesofdemandsfrom
municipalutilitiesfortransmissionservices,allowingthemtodeveloptheirown resourcesand
reducetheirdependenceonIOU wholesalesupply.InthecasestudiesreviewedinChapter4,
we discusstwo situationsinwhichpubliclyowned utilitiesactuallytooktheinitiative,or



participated actively, in the transmission planning processin (somewhatuneasy) cooperation with
IOUs.

Where cooperation is not forthcoming from the lOUs, and the MUNIs embark on projects of
their own, duplication and o_ _rbuildingof transmission capacity may be inevitable. In this case,
overbuilding is essentially a cost of competition in the generation sector. In evaluating the

. benefits of competition, the costs of over-builtcapacitynecessary to enforce competitive markets
should also be explicitly considered.

. Total transmission capital costs represent between 10% and 20% of total electric utility
investment (FERC 1989). The total potentialbenefits of increasedcompetition in the generation
sector and of better coordinateduse of the transmission system may be roughly the same order
of magnitudeor smaller. However, the incrementalcosts of building enough transmission 5o
achieve these benefits may be smaller still. An explicit considerationof the transmission costs
to foster increased competition is suggested by the FERC Transmission Task Force
Report (FERC 1989) and is an appropriateperspective in the case of MUNI participationin the
California-OregonTransmission Project (COTP), for example. (See Section 4.3.)

On the other hand, Averch-Johnson analysis (Averch and Johnson 1962) suggests that IOUs
operating under cost-of-service regulation are motivated to over-invest in capital projects to
increase their profits. If a utility can over-build while simultaneously withholding access to
transmission, then the costs of overbuilding are incurred without the benefits of increased
competition. We will see that the attemptedIOU participation in the COTP may be of this
character.

Independent Private Power

Transmission planning also affects the competitive balance between IOUs and private power
producers, includingboth QualifyingFacilities (QF) underPURPAand other IndependentPower
Producers (IPPs). In the absence of wheeling, the private power industry is a monopsonistic
market: there is one buyer, the local utility, for the output of private producers in the utility's
service area. Even if a QF or IPP intends to sell most of its generation to its local utility, it
may seek wheeling service to mitigate the utility's monopsony power (FERC 1989).

Competitive issues arise in three separateways. First, there is a long-run conflict over market
share between IOU investment in new generationcapacity and private power supply. Second,

- there is a bypass issue. Private producers can serve retail loads traditionallyserved by the utility
if they can obtaintransmissionservice. 2 This issue arises particularlyin markets such as Texas
where the private power industry is well established (PUCT 1990). Third, private producers

" could transcendthe monopsonisticpower of the local utility if they could wheel power to other

2 In some cases, permission from the state commission may be necessary for this service.



utilities over the local utility's transmission system. Transmission access issues of this kind have
arisen increasingly in competitive bidding (Kahn et al. 1990).

Monopsony power can be exercised by IOUs in transmission markets when private producers
are located in geographically remote areas. In these cases, interconnection costs, normally the
responsibility of the private producer, may include network capacityexpansion investments that
have system-wide benefits. Joint cost allocation problems of this kind can be used strategically
by IOUs to the detriment of private producers. The KrameroVictor case raises issues of this
ldnd. (See Section 4.4.)

2.2.2 Regulation

Asymmetric Constraints

Different utilities are subject to varying degrees of both State and Federal regulation. For
example, in some states, MUNIs can propose and build transmission projects with minimal
regulatoryoversight, while IOUs must get approvalfrom their PublicUtility Commission (PUC)
to build. We will see that COTP is a prime example of a proposal involving several participants
who had to respond to differentregulatoryconstraints.

State and Regional Conflicts

State PUCs and FERChave differingobjectives in assessing transmission, "creat[ing] a tension
that has grown with the development of interstate markets in electricity" (FERC 1989). For
example, PUC evaluation of transmissionprojects in California is usually "independentof a
broader state or regional perspective" (CF__1991). In contrast, the FERC usually has a more
regional perspective. Reconciliationof State andFederal objectives has been identified as a key
element for the formulation of wheeling policy (Kelly et al. 1987, USDOE 1991/1992, and
Stalon 1991b).

Pecuniary versus Real Benefits

Project benefits are sometimes obtainedsimply at the expense of other parties rather than being
due to net social economies. The distinctionhas been centralto Federal regulatory policy. For
example, in the Initial Decision in the Utah Power & Light Company-PacifiCorp merger, the
FERC used the term 'pecuniary' benefits to describe transfers that do not represent real
efficiency improvements (FERC 1988a). The FERC's Transmission Task Force Report (FERC
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1989)3 _:.o emphasizes the maximization of 'social benefits' (Varian 1984). To contrast with
pecuniarybenefits, v,e will call net social economies 'real' benefits.

The FERC's approachis in contrast with that of many state PUCs, which, in considering an
applicationby an electric utility for a Certificateof Public Convenience and Necessity (CPCN),
tend to view the costs and benefits accruing to native ratepayers of the applicant utility as

. paramount. This perspective leads "to parochialism in the system wherein mar.agerial efforts
to maximize benefits for native end-users leads utilities, often supported by their PUC, to use
their control over transmission assets to capture monopoly gains for native end-users" (Stalon

- 1990b).

PUCs tend to disregard the costs and benefits accruing to other utilities and their ra_payers,
particularlyutilities and ratepayers in other states, so that 'pecuniary' and 'true' benefits are
inter-mingled. An example of this inter-mingling is the evaluation of benefits due to changed
QF payments. If the 'avoided cost' of generation is reduced, for example, through greater
transmission access _ cheaper resources, then QF payments are correspondingly reduced. To
the e_tent that _his induces an efficiency improvementby replacing QF generation having high
(margir_) prodhctioncosts with anotherresource i_avinglower (marginal) productioncosts, then
this is a real benefit. However, QFproductionlevels may notchange significantly, for example,
because of 'must-take' contractprovisions, so that the QF production costs remain the same.
In this case, only the payments change, producinga pecuniary benefit for the utility having no
'true, societal' bcaefits. These issues are discussed by Jurev,_tz(1990).

2.2.3 Information Asymmetries

Each of the protagonists in the utility industry has differingprivate information, an_ each one
will tendto presentonly the informationthatis favorableto its own position or to: "misrepresent
its co:'ts in an attempt to obtain higher prices and profits. This misrepresentation is not to be

_ thought of as constituting fraud or as involving unsupportable [sic] :.l_ms but instead may
involve the strategic choice of cost estimation methodologies and data sets to produce estimates
in the favorable portion of the possible range" (Baron and Besanko 1984b).

Because of th_ technological complexities of transmission and the dependence of costs and
benefits on case particulars, the information issue is central to the ability of the participants to

• come to reasonable agreement. One example of a contentious issue is the characterization of
the amount of 'excess' capacity in a system (Kelly et al. 1987). It is difficult for in_ested

- parties to verify the use and available capacity of the existing transmission system and the cost
basis and data of system improvements (CEC 1991). Alahydoian and Comnes note in a recent
report on QF transmission needs that: "[i]nformation on the actual capacities of transmission

3See,forexample,thediscussionof wheelingin (FERC1989).
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lines and the effects of new power on the lines is closely held by the owning utilities; little data
is available to QFs" (Alahydoian and Comnes 1990).

The strategicuse of privateinformationbecomes evident when thereare inconsistencies between
the positions of a participant in one proceeding compared to its position in another. For
example, concerning SouthernCaliforniaEdison's proposed Devers-Palo Verde 2 line (DPV2)
examined in Section 4.2, an employee of a competingutility, San Diego Gas and Electric, stated t

that: "there was a lot of work to do with whetherthe studies that [SouthernCalifornia] Edison
was presenting in one arena in one study group had consistent basic inputs with studies they
were presentingin another arena,and findingthat where they were not consistent, insisting that
they be made consistent so that the results were the same" (Mays 1990).

In the California Public Utilities Commission (CPUC) Decision in the California-Oregon
TransmissionProject, it is noted that: "[SouthernCalifornia] Edison is simultaneously arguing
[issues related to air quality] in opposite and contradictory ways in different
proceedings" (CPUC 1991). In principle, these inconsistencies are public knowledge and
therefore of a differentcharacterto true informationasymmetries. However, we will describe
them as information asymmetries because a huge effort is needed to verify the consistency of
positions argued in different forums. We will see that the !_islation in California concerning
access to computer models is aimed at resolving this issue. (_;eeSection 5.3.)

In the absence of incentives to reveal information truthfully, there are three generic ways the
informationissue may be approached:litigation, negotiation, and arbitration. Litigation can be
very costly and not particularly efficient. Litigation of technical disputes is not without
regulatory precedent. The CPUC devotes considerable resources to litigating avoided cost
payments, where technicalarguments often involve differences of less than a few percent. The
CPUC regularly reports to the California legislature on its use of computer models for this
purpose (CPUC 1987).

Even within the litigation paradigm, however, many parameters of the competing technical
studies are 'stipulated'or specified by negotiation, because it is, practically_ng, impossible
to litigate everything. In the case of DPV2, Southern California Edison (SCE) and the Division
of Ratepayer Advocates ('DRA) of the CPUC came to an agreement over a joint study to
facilitate the analysis of DPV2 costs and benefits (CPUC 1988): the joint study increased
cooperation between the protagonists in DPV2. (See Section 4.2.)

Arbitrationis the polar Oppositeof litigation. The chief proponent of binding arbitrationin
transmissiondisputes is the Large Public Power Council (LPPC). The LPPC consists of major
publicly-owned utilities, some of whom own transmissionassets. While the LPPC approach to
transmissionplanning emphasizes voluntary participationin most respects, the LPPC, as well
as the Vermont Electric Transmission Company, the Western Association for Transmission
Systems Coordination (WATSCO), and the Western Systems Power Pool advocate binding
arbitration. (See Section 5.2.) While conceptuallydistinct from the litigation model, both the
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arbitrationand negotiationmodels are not withoutelementsof strategy, differential information,
and the use of market power.

2.2.4 Standards

. The adoption of technical standardsis a positive 'network' externality (David 1987); however,
we note that this type of externality is different in characterto the technological externalities to
be discussed in Section 2.3. We will consider institutionalaspects of standards and analyze

- standardizationof:

• transmissionplanning, including:
1. reliabilitycriteria,
2. computermodels and dataformats, and,
3. the evaluation of benefits;

• transmissionaccess policies and protocols; and,
• pricing methods.

There are currently no widely agreed upon standardsfor evaluating transmission benefits.
Consequently, evaluation of transmission proposals tends to be ad hoc and case specific:
"individualutilities determine benefits,...and in many cases they may choose the methods and
assumptions for making this determination. Different utilities can evaluate the same proposed
transmission project using different methods and assumptions to assess benefits and arrive at
differentconclusions" (CEC 1991). Clearly, the lack of standardsexacerbates the problem of
information asymmetries by allowing utilities considerable latitude in their choice of benefit
assessment methods.

Compounding the lack of standardsin the evaluation of benefits of transmissionconstruction,
there are no standardsfor access to and pricingof existing transmission. For example, access
to wheeling is usually negotiated on a case-by-case basis (Alahydoian and Comnes 1990).
Similarly, wheeling access conditioned by the NRC or FERC has been very case specific.

The lack of standardsfor transmission access and price make it very difficult for transmission
dependentparties to negotiate with t,-ansmissionowners. Even such pedestrian standardization
as a uniform pro forma for transmission contracts would significantly reduce the transaction
costs of transmission contracting. For example, one of the main successes of the Western
Systems Power Pool is its uniform contractual umbrella for transmission services. (See

- Section 5.2.)
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2.3 Technology Structure

2.3.1 Line Characteristics:Radial and Network

We distinguish transmission projects into two conceptual categories: radial and network
connections. Radial connections involve the initial connection of two participantswhere there
was no prior inte"connection, or the strengtheningof a corridorbetween two participants. The
most obvious example is the radial connection of a non-utility generator to a utility's
transmission system; however, the California-OregonTransmission Project (COTP), which
strengthens transmissionlinks fromthe Pacific Northwestinto California, is also includedin this
category.

Network connectionsinvolve the power grid. Capacityis usuallyaddedover an extended period
in complexpatterns between many individualpairsof nodes in the network. Sometimes a single
line possesses both radialand networkcharacteristics,particularlyover the course of its lifetime
if the overall network is growing significantly. Some cases exhibit both radial and network
characteristics simultaneously: for example, the COTP raises both radial and network issues
because of parallel flow in the Northwest network. Furthermore,a radial connection may
require 'downstream' network reinforcement.

In general, new generation resources need not immediately necessitate reinforced 'network'
transmission capacity. For example, California Energy Company, a private geothermal
developer, argues that "the main long-runimpact of QF-power on 'bulk' transmission will be
to release capacity" (CECI 1990). This argument is based on the assumptionthat QF resources
will be closer to load centers than alternative resources.

However, whether the effect of a resource is to increaseor decreasethe load on the transmission
system, the addition of new generation will almost always affect the optimal long-term
transmissionplan. Therefore, transmissionmustgenerally be consideredin the context of long-
term planning. We examine the interaction of resource and transmission planning and its
treatmentby the utilitiesand the regulatoryprocess. In particular,we consider how the potential
expansion of independentpower production is treated in utilities' long-term transmissionplans.

Correspondingto our categories of transmissionexpansion, we define a 'remote' energy resource
to be one thatneeds significantradial transmissionconstructionto be able to supply any power
to the network. In contrast, a 'local' resource can at least interconnect with the transmission
system at low cost, although full exploitation of the resource may still require network
transmissionexpansion. Generating resources can be roughly divided into remote and local;
however, these definitions are meant as a guide and should not be takenliterally since a single
resource may poss_essboth local and remote characteristics underdiffering perspectives. For
example, a generationprojectmay serve both local load as well as export power to a distantload
center.
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Benefits of transmissio_constructioncan be divided into benefits that stem from resources 'at
the end of the line', and benefits from system-wide effects. The formercategory corresponds
roughly to radial transmissionprojects, while the latter corresponds to network connections.

By definition, a remote generation resource requires new radial transmission capacity. In
connecting a remote generation project to the transmission system, the radial connection costs

. are fairly easy to quantify. The joint investmentcosts for developing both the resource and the
requiredtransmissioncapacity must be weighed against the operating benefits and costs. The
required transmissionis essentially part of the generation development cost and can easily be

- internalized into the costing of the complete project. This case is not particularly problematic
and we will not study it in detail, except where the choice of interconnectionwith the network,
and hence the choice of radial connection, is contentious.

We will see that the large scale transmissionplanning software models that we survey essentially
treatali transmissionlinks as radial; that is, to increase transfercapacity between two points,
the models only consider reinforcementof the actual link between the two points. This is at
variance with practical transmissionexpansion, where overloads in one ]ink are often alleviated
throughthe change in power flows that result from increasing the capacity in another partof the
network. The analysis of long-term network expansion is muchmore difficult than the analysis
of radial expansion. In Example 1, we will illustratethe difference between radial and network
expansion.

,l_ll I I I I I mill

Example 1: Radial Versus Network Expansion
Consider the system shown in the top left panel of Figure 2-1. It consists of three nodes,
G, LI, L2. There is 100 MW of generation at node G and 50 MW of load at each of
nodes L1 and L2. A 100 MW line joins nodes G and L1, while a 50 MW line joins
nodes LI and L2. We ignore line losses and reactive power flows and assume that the
cost of building additionaltransmissiondirectly between any two of the nodes is
approximatelythe same; this would be the case if the nodes are equidistant,as illustrated,
and if the terrainand environmentalconsiderations are the same for each of the three
routes.

Suppose that the loads at nodes L1 and L2 will each increase by 50 MW and that
generation at node G will increaseby 100 MW. This would overload lines G--LI and
L1--L2 by 100 MW and 50 MW, respectively. A simple-minded transmissionexpansion
algorithm that looks at line overloads only would suggest expansion of these lines as

_ shown in the upper right panel of Figure 2-1. This transmissionplan would require
constructionof a 100 MW and a 50 MW line.

. A betterplan, involving network expansion, is to build a new 100 MW line between
nodes G and L2 as shown in the bottom panel of Figure 2-1. This transmission plan
would only require constructionof a single 100 MW line, saving the cost of the 50 MW
line. Moreover, the overloads on lines G--L1 and L1--L2 are alleviated by construction
along another path, G--L2.

li • li i
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Figure 2-1
Lines, Generator and Loads for Example 1

In this example, the benefits of network expansionover radialare obvious. In a real network,
optimal planning is much less obvious. For example, in the Kramer-Victorcase study, the
initial interconnection proposal involved only radial expansion. Nearly a year later, a better
network solution emerged. (See Section 4.4.)

We will discuss transmission planning in detail in Chapter 6, but note here that a generation
project requiring network expansion may affect network construction projects and expansion
plans well into the future. However, such transmission planning is fraught with uncertainties
over costs and benefits. Assessment of network expansion is much more problematic than
assessment of radial needs.

We examine a numberof problematiccases in Chapter4 that involve transmissioninvestments
that areeither (1) not coupled to specific generation projects, or, (2) involve networkexpansion,
perhaps in additionto radial interconnection.

A significant benefit of such lines can lie in increasedaccess to several resources, rather than
access to one specific generationplant. The generation resources may be shared regionally, so
that allocation of the benefits of access is also difficult. In the Kramer-Victor line, we will see "
that a lack of forethought in the regulatory consideration of cost/benefit allocation for transmis-
sion has led to significant disagreements. (See Section 4.4.)
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Therearealso less tangiblebenefits of new transmissioncapacitythatare important,but difficult
to quantify. These include:

• reduced line losses;
• providing for future load growth, particularly if the transmission line construction

strategically opens up a new fight-of-way (CEC 1991);
• increased system security and reliability; and,m.

• increased transfercapability for economy energy.

. Ali of these factors may play a part in the sizing and location of a line (Kelly et al. 1987).

Some of these benefits are primarilyradial, some are primarily network in nature, some may
be in either category. Reduced line losses in the system can be due to both (1) lower resistive
losses in a reinforcedcorridor, and, (2) altered flows in the whole system. In the first case, the
benefit._are due to the radial natureof the transmission,while in the second case, the benefits
are networkin nature. Evaluation of losses in the second case proved particularlyproblematic
for the Kramer-Victor line. Future load growth may be accommodated by both radial and
network transmission capacity. Security and reliability improvementsare essentially network
benefits. Finally, economy energy benefits are usually due to increased access to a distant
source of cheap power, so that such benefits may be considered radial. The benefits of new
capacity are summarizedin Table 2-2.

.

Table 2-2
Benefits of New Radial and Network Capacity

Benefits of new capacity Radial Network

Reduced line losses X X

Provision for future growth X X

Security, reliability X

Capacity for economy energy X

7 J • "



2.3.2 Network Externalities

Externalitiesoccur when the actions of one group of economic agents have impacts--'spill-over'
effects---onpartieswho are not directly participatingin the given activity, lt is common to think
of externalities as primarily negative, largely because of the much discussed example of
environmentalpollution. In networksettings, however, there can be positive externalities. For
example, telephone users benefit when the telephone network expands because they gain the
possibility of communicationsfor which they did not pay. In electric power transmissionthere
are both positive and negative externalities. A related issue is the synergistic combination of
multiple projects. Negative and positive extemalities and synergies will be discussed in the
following subsections.

Negative E.r.ternal_'es

The principal negative externality in transmission is unintended power flows; that is, where
power flows in directions unrelatedto the 'contractpath' (Kelly et al. 1987). This phenomenon
is called 'parallel flow' and is well-known in the Western and Northeastern United
States (Hayward et al. 1991). 4 For example, one aspect of the DPV2 study is the resolution
of parallel flow issues. With parallel flow, parties to an economic transactionimpose impacts
upon uninvolvedthird parties,who maybe geographicallyremote. The impacts include changed
line loadings and losses, and are usually not beneficial, so that we will typically treat them as
negative externalities.

Contractualarrangements for transmission service are almost always described in terms of a
'contractpath'. Since the actual flow of electricity respects the load flow equations (Stevenson
1982) and not contractual arrangements, there are essentially always negative externalities
involved in contract path-based transmission agreements, making economic efficiency very
unlikely.

A very importantnetworkexternality occurs when "[a] particularline within the system may be
limited to carrying less power than that for which it is designed because of system-wide
considerations" (Kelly et al. 1987). This is because, not only are losses imposed on third
parties, but also because line ratings are effectively reduced. In otherwords, both the operating
and the capital efficiency are reduced. We can illustrate this with the following simple example,
consisting of a generator and a load connected by a relatively strong transmission path and also
a weaker parallel transmission path.

' Arelatedissueis 'loopflow.'Someauthorstreatparallelflowandloopflowassynonymous(Haywardetal.
1991),whileothersdistinguishthetwo(Casazza1991).Wewill,somewhatloosely,usethetermparallelflowfor
allunintendedflows.
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Example 2: Negative Network Externalities
The example is depicted in Figure 2-2. We consider the transfercapacity from the
generator, G, to the load, L, along the two transmissionpaths illustrated. Suppose that
the strongpath, indicated by the thicker line in the figure, has capacity 1000 MW, while
the weaker path has rating of 200 MW, with both ratings based on thermal limits.
Assume that when the flow along the weaker path is 200 MW, the power flow divides in

- the ratio of 4:1 between the two lines because of their relative impedance. Assuming that
the transmissionlines are perfectly reliable, the strong line can only be loaded to 800 MW
because of the limit on the weaker line.

i i i i i al i

Transmission planning tries to
Weak line: Rating 200 MWavoid this sort of situation. How-

ever, it may arise even in a well-
planned system due to various line
outage or generator loading condi-
tions, particularly if an inter-con-
nectedsystem extends across more
than one control area. The prob-
lem is prevalentin wheeling where
large flows may occur in parallel
systems.

Strong line: Rating1000 MW
Regulatory policy is difficult to
formulate when the externalities F'_,ure2-2
are not local in nature: interstate Transmission Lines in Examples 2 and 3
externalities pose special problems
for regulation. Such non-local impacts are frequentwhere unintended power flows are involved.
Therefore, the issue may not even be raised at the state level, and appear only, if at all, at the
federal level. In our case studies, we identify several examples and potential examples of
network externalities over which regulatory authorities have no jurisdiction.

One approach the federal regulators have taken to unintended flows is the 'hardware
solution' (O'Sullivan 1991). In this approach, the responsible utility is required to purchase
equipment such as phase-shifters that will isolate the impacts of new lines or transactions from

. affecting other parties. Phase-shiftersare illustratedin Example 3.
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Example 3: Phase-Shifters
Consider the networkof Example 2. Suppose that a phase-shifteris installed on the
weaker line and controlled so thatpower flow on the line is limited to no more than the
rating of the line. For transferlevels up to 1000 MW, the phase-shifterwill be controlled
to have no affect on the system. For transfersabove 1000 MW, the phase-shifterwill
controltheflowsothat200MW flowson theweakerline,andthebalanceoftheflowis
onthestrongerline.The transfercapacityofthesystemisincreasedtoapproximately
1200MW, basedonthermalratings,assumingthatthephase-shiftercancontroltheflow
atthistransferlevel.

Fortransfersbelow1000MW, thephase-shiftercan,inprinciple,bedisconnectedfrom
thesystemsothatnoadditionallossesareincurred.Fortransfersabove1000MW, the
phase-shifterwillincurlossesinexcessofthelinelossesinthesystem.

ii ii

It may be more practical to control potential spill-over effects with phase-shifters, as in
Example 3, than to attemptmonetarycompensationschemes for affected parties. However, if
the costs of the controlequipmentand increased system losses are only allocated to the owners
of new transmission projects, then this may unfairly discriminate in favor of existing lines.

A somewhat more localized form of externality is the environmental impact of transmission
lines, including aesthetic and elect_omagneticradiationissues. The aesthetic degradationcaused
by unsightly transmissionlines has been of concernfor many years. More subtle issues include
degradation of delicate environments during construction work. Currently there is growing
debateabout the effects of electromagnetic radiation on living tissue (USOTA 1989). Although
these issues are not, strictly speaking, 'network externalities,' we will include them here.

A positive externality is a situationin which benefits (insteadof costs) are produced for parties
uninvolved in a particular transaction. While this might appear to present fewer regulatory
problems than the negative externality case, there are still cost and benefit allocation issues,
particularlywhen the allocation is between current and future ratepayers.

An example of temporal allocation of benefits is the effect of new transmission lines in
stimulating new load growth in the future by lowering the relative costs of inter-connection with
the main transmission system (CEC 1991). This effect is difficult to quantify, but seems to be
important in fast growing areas. Our analysis suggests that this was an important issue in the
Kramer-Victorline.

The addition of a line in a network can enhancethe reliability of the whole network, at a given
transferlevel, by increasing the robustnessof the system to outagesand disturbances. However,
this observation must be viewed from the perspective that lines are rarely added to a system
without also increasing the load carried by the system. The net change in reliability may
therefore be positive or negative (CPUC 1988). In the following example, we consider the
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positive externality of increasing the transmission capacity of the system of Example 2 by
increasing the rating of the weaker fine.

i I,I lira| I

Example 4: Positive Network Externalities
Considerthe network of Example 2. Suppose that the rating of the 'weak' line is
upgradedby 100 MW by re-conductoringwith heavier wire. Then we can also increase

" transfe,'_over the 'strong' fine. For example, suppose that when the new fine is loaded to
its upgradedrating of 300 MW, the flows divide in the ratio 3:1 between the two lines.5
Then the total capacity of the network will be increased by around 200 MW with only a

" 100 MW increase in line rating of the 'weak' line.
. ,.. | llll ii ii i i

Such a situation may apply in Californiatransmissionaccess to the Pacific Northwest. In this
case, the 'strong line' corresponds to the corridor of lines through California and Oregon to
Washington and British Columbia, while the 'weak line' is the network of inland lines from
Californiathrough Arizonaand Idahoto the Northwest. Strengtheningthe 'weak line' may have
had a larger effect on transfercapacity than strengthening the 'strongline.' (See Section 4.3.)

Synergie$

We define a synergy to be where the effects of two or more projects or factors interact non-
linearly, so that the sum of their benefits considered separately is not equal to the project
benefits of ali projects considered together. Trivially, the benefit of either a radial line or a
remote generator, considered individually, is zero. Jointly considered, a remote generator
connected to a load center by a radial transmissionline may provide considerable :.enefits. A
more interesting example of synergies is illustratedin Example 5 concerning expansion of a
transmissionnetwork subject to reliabilitycriteria.

5The ratio is reduced because the upgradodline will have lower impedancethan the original.
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Example S: Synergies
Consider the networkdepicted in the top panel of Figure 2-3. The lines are identical and
each is ratedfor continuous loading of 200 MW, with an emergency rating of 220 MW.
Reliable service requires that the transmission network be loaded in such a way that any
single outage will not cause loading of the remaining lines past their emergency ratings.
This is called the 'N-1 criterion', and will be discussed in more detail in Chapter 6.
Clearly, any single outage will leave only one line intact so that the reliable transfer
capacity is the emergency rating of one line: 220 MW.

Consider now the effect of rebuilding either one of the lines so that it has a continuous
rating of 1000 MW and emergency rating of 1100 MW. The situation is essentially as in
Figure 2-2. The reliable rating of the networkis still 220 MW since failure of the
1000 MW line would leave only the 200 MW line. However, if both lines are upgraded,
as shown in the bottom panel of Figure 2-3, then the reliable transfercapacity is increased
to 1100 MW. While each project individually did not increase the transfer capacity,
together rebuilding both lines significantly increases the capacity.

i i

li i li i J l

Rating'.200 MWcontinuous.220 MW emergency

Rating:200 MW continuous,220 MW emergency

Rating:1000 MW conlinuous,1100 MW emergency

Rating:1000 MWcontinuous,1100 MW emergency
i

Figure 2-3
Transmission Lines in Example 5
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We broadly interpret 'synergies' to include both the case where the net benefits of the two
projects is greater than the sum of their individual benefits, as in the last example, and also the
case where it is less than their individual benefits. The second case is particularly troublesome,
since piecemeal consideration of such projects will be misleadingly optimistic (CPUC 1988).
Because the analysis of the isolated effects of transmission projects is difficult, it is even more
difficult to analyze the effect of project synergies. The importance of such analysis is indicated

. by the results of the study commissioned by the California Energy Commission that examined
the joint benefits of five California projects including COTP and DPV2 (DFI 1990). The study
shows jointly optimal values of transmission expansion that in some cases differ greatly from

. the proposed capacities (CEC 1991), with typical jointly optimal capacities less than the
proposed capacities.

2.3.3 Economies of Scale

Transmission planning is strongly influenced by scale economies in construction, particularly if
voltage is increased in order to increase capacity or if double-circuit lines are used instead of
single-circuit. This raises joint cost allocation problems that are ubiquitous in transmission
planning. If there is growing demand or supply, then economies of scale may dictate that it is
most cost effective to over-build current levels of transmission to accommodate the future

growth. For example, the need for a new line may be triggered in part by a specific generation
project; but, since the incremental costs of additional transmission capacity are low, it may make
economic sense to invest in additional capacity beyond the current need of the specific project.
To illustrate this issue, consider the following example based on 1984 and 1985 construction
costs reported by the Electric Power Research Institute (EPRI 1986) andKelly et al. (1987).
For simplicity, we assume that, within the range of uncertainty in the cost estimates, the 1984
costs are directly comparable to the 1985 costs. The data indicate that the average construction
costs of new lines decreases signi/'icantly as voltage, and hence capacity, increases. In the
following example, we will show that there are significant economies of scale, even including
circuit-breaker, transformer, and other costs.
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Example 6: Economies of Scale of Line Construction
We first consider the costs of a 400 km, 275 MW, 230 kV single-circuit line that is to
reinforce the interconnection between two 230 kV systems. Line construction costs, plus
a 25% allowance for right-of-way and other costs, are approximately 39.5 MS (Kelly et
al. 1987). The cost of circuit-breakersfor both ends of the line is 0.8 MS (EPRI 1986)
for a total cost of 40.3 MS, or an average cost of approximately 147 S/kW. A schematic
of the line is shown in the upperleft panel of Figure 2-4.

Next, we consider a 825 MW, 345 kV line. Because of the voltage differences, we must
include the cost of transformers (TXs) and extra circuit-breakers(CBs). However, we do
not consider any differences in the costs of capacitors nor other voltage or stability support
required for the lines?

Again, allowing 25% for right-of-way and other costs, the total costs are 79.9 M$ (Kelly
et al. 1987). The cost of circuit-breakersfor protecting the transformers and both ends of
the line is 2.5 M$ (F.J'RI1986), while the cost of two transformers is approximately
6 MS (EPRI 1986), for a total cost of 88.4 MS, or an average cost of approximately
107 S/kW. These figures are presented in Table 2-3 and a schematic of the line is shown
in the upper fight panel of Figure 2-4.

The average incremental costbetween the 275 MW and 825 MW lines is 87 S/kW. This
is considerably below the average cost of construction. However, it may still be consider-
ably more than the depreciated embedded cost of previous construction.

Table 2-3
Transmission Constructiou Costs for Example 6

|' ,m

Line Circuit Trans-

and Other Breaker former Total Average
Voltage Capacity Costs Costs Costs Costs Costs

/kV /MW /MS /MS /MS /MS /S/kW
ii, ii

230 275 39.5 0.8 0 40.3 147

345 825 79.9 2.5 6 88.4 107

In this example, the averagecapital cost of new transmission decreases with increasing capacity,
even considering the transformationcost. Furthermore, this example tends to under-estimate the

6 For detailed examples including consideration of stability and voltage support in evaluating the costs of
alternatives, see, for example, (PG&E 1991a, SCE 1991, SDG&E 1991, and SPPC 1991).
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F_ure 2-_.
Lines and Transformers for Examples 6 and 7

z

economies of scale, since, for a given transmissioncorridor, the fight-of-way and other costs,
excluding transformers and circuit-breakers, would not typica_Jyincre_:_ linearly with the
transmissionconstructioncosts and may even be approximatelyconstant. Finally, if the larger
capacity line can directly interconnectwith an existing higher voltage network, then the average

® transformation costs may not differ greatly between the two lines, further increasing the
economies of scale. Pervasive economies of scale are intrinsic to transmissionplanning. In the
following subsections, we discuss the complications that arise from transmissioneconomies of
scale, both with and without uncertaintiesconcerningthe future, and we "alsoconsider the effects
of competitive supply for transmission service in the presence of economies of scale.

Intertemp_.,',d Allocation of Benefits and Costs
.q

- If the need for additionalcapacity due to demand and supply growth is predictable over time,
then econon'-ie_of scale can be exploited to build transmissionnow for the benefit of later users

" morecheaply than through piecemeal _r,_structionplans. The main problem is the intertemporai
-., allocation of costs and benefits as illustratedin Example 7.
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Example 7: Intertemporai AHocation of Benefits of Economies of Scale
Suppose that there is a current need for 275 MW of extra capacity along the 400 km
transmission path in Example 5, but that in the medium term another 550 MW of capacity
is required for a total of 825 MW of transmission capacity. The most straightforward
'myopic' plan is to build 275 MW of 230 kV line now and an additional 550 MW,
230 kV, double circuit line later, at the time the additional capacity is needed.

To calculate the cost of the myopic approach, suppose that the discount factor between
now and the time of the necessary additional expansion is 15%. The initial 400 km,
275 MW, 230 kV line and circuit-breakers arebuilt now at a cost of 40.3 MS. The
550 MW double circuit line is built later. To calculate its cost, note that double circuit
230 kV lines cost about 1.43 times the cost of a single circuit line (EPRI 1986), while the
construction costs in the future are discounted to constant (1985) dollars.7 Therefore, the
550 MW double circuit line costs 49.2 M$ in 1985 dollars, for a total cost of 89.5 MS.
Since construction costs are spent at the time of need, it is relatively simple to allocate
construction costs for this plan to ratepayers. These figures are presented in Table 2-4
and a schematic of the lines is shown in the bottom panel of Figure 2-4.

An alternative plan is to build the higher voltage line, but operate the line at 230 kV until
the higher capacity is necessary. At that time, the transformers and second pair of circuit-
breakers are installed. The total cost of this option is 87.4 MS, which is about 2%
cheaper than the myopic plan.
i.i li iii i i| i i

Table 2-4
Economics of Over-Building Lines for Example 7

- - m|l •

.....

Current Future Total
| li

myopic 40.3 49.2 89.5
-- ml ii v

non-myopic 80.7 6.7 87.4
,,

i i |l Hl

In this example, the non-myopic plan yields benefits over the myopic plan; however, there are
questions of how to allocate (1) the costs of construction of the overbuilt line, which must be
borne in advance of the increased demand, and (2), the benefits of the economies of scale.

7 We assume, optimistically, thatno additional circuit-breakersare requiredfor the double circuit line.
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Growth Unce_inties

In Example 7, there is clearly an opportunity to over-build transmission relative to current needs
if there is some opportunity to attract extra transmission customers, either currently or in the
future. For an interim period, there may be 'excess capacity' even at the time of the system
peak and there may be some, uncertain, opportunities for sale of capacity, at least in the short-
term. Allocation of the prcgeeds from these sales is a difficult question, as is the question of
accounting for such uncertain sales in the cost-benefit analysis of such a project. These
represent uncertain benefits of the non-myopic alternative.

.,4

Since the savings of the non-myopic plan over the myopic plan are relatively small, then if
demand or supply growth is relatively uncertain, the benefits of the project are speculative.
Speculative building can only be worthwhile if there are scale opportunities that potentially offset
the risks of overbuilding; however, the benefits may depend on the availability of generation
resources that are diverse or perhaps not even developed. Geographically, specific resources
such as geothermal energy are one example where there may be good, but not certain, reasons
to believe that economically attractive generation can be developed, but is contingent on
transmission access to major markets.

Speculative construction involves risks that may not be rewarded under standard cost of service
regulation. This lack of incentives for risks in a regulated monopoly may encourage myopic
behavior unless other considerations, such as restricted transmission corridors, preclude the
future construction of a second line. Therefore, speculative projects are less likely to be
undertaken solely by a regulated utility. Nevertheless, economies of scale in transmission
construction present opportunities that should not be unnecessarily wasted.

One approach to talcing advantage of speculative investment is a joint venture between regulated
and unregulated participants. However, when there is a coexistence of regulated and unregulated
participants, there may be a serious conflict of interests in cost allocation, particularly given
information asymmetries concerning the risks of attracting transmission customers. We will see
in the Duquesne/GPU proposal, however, that it may be possible to minimize the conflict of
interest through appropriate sharing of the economies of scale. (See Section 4.5.)

Another potential approach to the problem of growth uncertainties is the emerging technology
of Flexible AC Transmission (FACTS). This is illustrated in the following example.
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Example 8: Flexible AC Transmission
Suppose that the transmissionexpansion in Example 7 (see page 26) will reinforce existing
capacity along a transmissioncorridorconsisting of the lines in Example 2, with current
Wansfercapacity limited by parallel flow. By temporarily installingFACTS technology,
including the phase-shifters describedin Example 3, the transfercapacity can be upgraded
without new line construction. The decision to build new capacity at 230 kV or 345 kV
can then be delayed until i_:has become clearer whether or not continued growth will
justify the larger line.

When the new constructionis completed, the FACTS technology can be moved to another
partofthenetwork.Thecostofthetemporaryincreaseintransfercapacitywouldthen
onlyconsistofminorfacilitiescoststoaccommodatethephase-shifters,therentalvalueof
thephase-shifters,andthelossesduetophase-shifteroperation.

i i

Competing Transmission Supply and Unsustainability

A furtherproblem due to economies of scale can arise if a potential entrantcan compete with
an incumbent to supply transmissioncapacity and if continued growth calls for constructionat
severaltimes as partof an optimaltransmissionplan. We applysome recent theoretical analysis
by Baumol et al. (1988).

To analyze this case, we define 'sustainable prices' (Baumol e.t al. 1988). In the case of
transmissionsupply, sustainableprices are a sequenceof prices over time for transmissionaccess
thatare:

1. high enough to allow the incumbenttransmissionsupplierto pay off the capital costs
of the existing transmission,but,

2. not so high that an entrantcould undercutthe prices, supplya segment of the market,
and make a profit.

Unfortunately, the analysis in Baumol et al. (1988) shows that because (1) as shown in Exam-
ple 6, there are declining average costs in transmissionconstructionas a function of capacity,
and because, (2) transmission construction costs are sunk, an optimal construction plan will
usually be 'unsustainable'. Unsustainabilitymeans that there will be no sustainable prices, so
that prices that allow the incumbent to pay off capital will invite 'uneconomic entry'.
Unecenomic entry means the overbuildingof transmissionby the entrant, relative to the social
optimum, in order for the entrant to capture enough economies of scale to be profitable: the
entranttakesaway some ofthemarketoftheincumbentby charginglowerprices,leaving
unusedcapacitysothatthereisunnecessaryduplicationoftransmissionfacilities.Thisis
illustratedinthefollowingexample°
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Example 9: Intertemporal Unsustainability
Suppose thatan optimal transmissionplan calls for the reinforcementof an existing
230 kV networkby the 230 kV single-circuit line described in Example 6 (see page 24),
costing 40.3 MS. Furthersuppose that this line essentially parallels existing capacity and
that the existing transfercapacity is considerably larger than the optimal 275 MW of
incrementalcapacity.

Now suppose thata competing transmissionsupplier decides to build the 345 kV line
described in Example 6 and install the transformersand circuit-breakers,for a total cost of

" 88.4 MS. Since the average cost of the higher voltage line is much lower, the competitor
can offer lower transmissionprices to the incumbent's transmissioncustomers and capture
some of the existing marketas well as ali of the incrementalneeds for transmission.

Because of the large economies of scale, it is not necessary for the entrantto completely
fill the capacity of the line in order to break even. For example, suppose that the
incumbent sells transmissioncapacity on the existing network at the incremental cost of
optimal transmissionadditions: that is, at a price of 147 S/kW. Suppose that the entrant
offers transmission service for 140 S/kW, approximately a 5% discount below the
incumbent'sprice. Then the entrantneeds to sell about 630 MW of transmission service
in order to break even. This represents ali of the incremental market of 275 MW, plus
about 355 MW of the incumbent's market.8 These figures are presented in Table 2-5. If
the entrant can completely fill the line, then it can break even at a price as low as
107 S/kW.

Table 2-5
Costs and Break-Even Sales of CapacRy for Example 9

Trans- Added Total Sales to Break-Even Sales to Break-Even
mission Capacity Costs at Price of 147 S/kW at Price of 140 S/kW

Plan /MW /MS /MW /MW

Optimal 275 40.3 275 -

Over-
built 825 88.4 600 630

' A similaranalysis can be performed for the more usual case that the transmissionservice is rentedout by the
transmissionsuppliers, rather than sold.
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The 'competitive' situationin the above example mayseem to be good since it reduces the prices
for the entrant's new customers. However, it leaves existing transmission lines under-utilized
andreduces welfare, since the smaller, less costly line, by definition, could optimally satisfy the
transmission requirements. By losing market share, the incumbent's average proceeds from
transmission service will decrease unless it can raise its transmissionprices.

A fundamentalassumptionin the unsustainabilityanalysis is that the incumbentis perceived to
have set a fixed pattem of prices that are not responsive to actions by the entrant: in particular
it is assumed that the entrant does not expect retaliatory price cutting in response to entry.
Because tariffs must generally be approved by PUCs or FERC, which are presumably not
sympathetic to retaliatorypricing, this assumptionis relatively plausible.

\

We will see that the unsustainabilityanalysis may apply specifically to the California-Oregon
Transmission Project case study. The analysis applies genetically to transmission planning
involving more than one potential transmission supplier. It poses a general problem for
transmissionmarket-basedpricing because the absence of sustainableprices may requirestrong
regulation in order to achieve good planning: "there may be a stronger need for a centralized
pricingmechanism in transmissionmarkets than in other sectors of the industry" (FERC 1989).

The problems of unsustainabilityare implicitly at the heartof the Wisconsin PUC's mandate to
avoid duplicativetransmissionexpansion (see Section 5.3): "If the existing systemis physically
capable of handling a particulartransaction it is unnecessary, uneconomical, environmentally
damagingand counter to establishedprinciples of regulationto add duplicative facilities to serve
thattransaction," (PSCW 1989).

However, since the problem of uneconomic entry will arise just at a time when some
constructionis socially desirable, it may be verydifficult fora State regulatoryagency to discern
whether or not facilities are duplicative, or whetheror not they are overbuilt compared to the
social optimum.

2.3.4 Economies of Scope

Economies of scope occur when a single facility is used for more than one function. The
clearestexample of this is the transmissionof electricity, viewed as a time-differentiatedproduct,
at different times of the day over a single transmission network. Another example is
interconnection support, where energy may be shippedbetween utilities in one direction or the
other at different times or different seasons to take advantage of peak diversity, shared spinning
reserve, or to provide emergency support. In this second example, there are joint operational
benefits making the allocation of the cost of the line more difficult than in the case of
unidirectional flow, particularly if "the costs are incurredby one companyand the...benefits are
shared by many" (Kelly et al. 1987). Thejoint benefits of a line are illustratedin the following
example, relating to peakdiversity, which is basedon an example from the National Regulatory
Research Institute (NRRI 1987). _
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Example 10: Economies of Scope of Transmission Use
Consider the system shown in Figure 2-5. There are two utilities, 1 and 2, each with a
single generatorand a load center. They are linked by a single transmissionline.
Suppose that the peak of utility 1 occurs at 3pm, while the peak of utility 2 occurs at 5pm.
For simplicity, we assume that the generators G1 and G2, owned by utilities 1 and 2,
respectively:

* have constant marginal costs, and,
* are perfectly reliable.

Suppose that the sum of the capacities of G1 and G2 is enough to supply the total demand
of L1 plus"L2, the loads of utilities 1 and 2, respectively, at any given time. However,
also suppose that G1 cannot supply the peak demand of L1 alone, and G2 cannot supply
the peak demand of' L2 alone. In the absence of the line interconnecting syster:_1 and
system 2, both would need additional peaking generators to meet their respective peak
loads. However, the line allows both generators to supply both loads collectively, so that
there is an economy of scope in joint production made possible by the line. The line is
justified if it is less cosily than peaking generators for both utilities.

We note that one reason cited for the Utah Power and Light-PacifiCorp merger was the
economies of scope in joint operation due to Utah being a Summer-peakingand PacifiCorpbeing
a Winter-peakingutility (FERC 1987). (See Section 5.4.)

Another aspect of economies of scope is that over time, as a transmission network grows,
transmission lines may change their function. For example, a line that was initially used for
transmittingpower Northward may eventually have mostly Southward flow as generation and
load centers shift. This is the case in some of the lines involved in the Kramer-Victor case
study. (See Section 4.4.)
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Source: This tigure is based on

figure 2-6 from the National Regulatory Research Institute (1987)

Figure 2-5
Generators, Loads and Lines for Example 10

A particularlyintriguing economy of scope can occur in wheeling transactionsif the wheeling
transactionmoves power in the opposite direction to the existing power flow. We call this
'counterflow wheeling'. In this case, the wheeling transactionand existing flow together have
lower losses and require a lower line rating than required by the existing power flow. We
shouldexpect that any tariffdesigned to promoteeconomic efficiency would takeaccount of the
prevailing flow of power, at least for purposes of allocating the costs of losses. Therefore, a
basic test for economic efficiency in transmissionaccess is whether or not counterflow wheeling
is treatedproperly. Typically it is not: for example, in the Utah Power and Light-PacifiCorp
merger, counterflow wheeling is not considered.

2.4 Decision-Making Complexity: Feasibility versus Optimality

The many issues that we have raised in Sections 2.2 and 2.3 make it very difficult to either
operate or plan the transmission network optimally, even given general agreement on the
objectives and constraints imposed on the transmission system. The joint optimization of
transmission, supply, and demand-side options in an integrated resource plan is a particularly
daunting task and is just beginning to be attempted by utiliti_.s(NIMO 1991) and will be
discussed in Chapter 3. While operations and planning must be feasible with respect to the
institutionalandtechnological constraints,they areoften suboptimalwith respect to the objective
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of economic efficiency, for example. We will discuss these issues in the following two

subsections. For clarity, however, we will suppress the complications of cc,lsidering demand-
and supply-side decisions together simultaneously with transmission. It should be noted that
simultaneousconsiderationof all issues is necessary for truly integrated resource planning.

2.4.1 Operations

The basic questionin operational efficiency is whether the transmissionsystem is utilized for the
- greatest economic benefit. The clearest example occurs in wheeling since wheeling affects

access to resources. We illustratethis in the following example, which is paraphras_ from an
example by Gross (1991).

ii

Example 11: Operational Efficiency in Wheeling
Consider the three utilities, S, W, and B, depicted in Figure 2-6. Suppose that the
marginal generation cost for S is 18 S/MW, for W is 20 $/MWh, and for B is
24 $/MWh. For simplicity, we assume that transmissionlosses between S and W and
between W and B are negligible, that S has surplusgenerating capacity, but that W does
not have any surplusgenerating capacity.

With regional operating efficiency as the objective, it is clear that B should displace at
least some of its productionwith purchases from S, using W to wheel. However, since
W's costs are also higher than S's, W is also motivated to displace its production with
purchases from S. Since B's marginalcosts are higher than W's, efficiency is best
improved by W wheeling at least some power. However, unless W is motivated to wheel
by economic incentives, such as a high enough price for wheeling or is requiredto wheel
by regulation, it will prefer to buy from S and block B's purchases.
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Seller: 18 $/MWh Wheeler: 20 $/MWh Buyer: 24 $/MWh

Source: Thinfiguwein adapted from Gross (1901)

i , ii

h

Rgure 2-6
Utilitiesin Example11

The issue in this example is whether or not the wheeling utility is motivated to provide
transmission service in an efficient way. We will assess the transmission access proposals in
Chapter 5 from this perspective. Hobbs and Kelly discuss the incentives for wheeling (Hobbs
and Kelly 1990).

A furthercomplicationis that when there are multiplepotential transactionsbetween a utility and
its neighbors, the network externalities of transmission operation make it very difficult to
calculate transmissionlimits. The evaluationof simultaneoustransmissionlimits between a utility
and its neighbors is beyond the capabilities of currentlyavailable software and is the subject of
ongoing research(EPRI 1991).

2.4.2 Planning

Because of the huge informational and computation burden, and the uncertainties of future
predictionsin planningtransmission expansion, it is generally difficult to optimize construction
plans with respect to any given objective over an extended time horizon. We will discuss this
in more detail in Chapter6. More commonly, transmission is planned so as to satisfy
constraints for a single future test year and a few study conditions. Even such limited analysis
is time-consuming and dependenton many inputs based on 'engineeringjudgment'.

The potential difficulty in identifying optimal expansion plans was illustrated in Example 1.
While that examplewas constructed so that the optimalsolution is easy to see, in a larger system
opportunities for savings and optimal solutions may be far from obvious, particularly if the
optimal expansion plan would require construction of projects that cross jurisdictional
boundaries. We will see that the COTP may fall into this category. Even in a case such as
Example 1, however, theseeminglyreasonableapproachof applyingremedialaction individually
to overloaded lines will produce sub-optimal results.

34



Althoughglobal optimalitymaybe computationallyinfeasible, the effort to optimize transmission
will reveal sensitivity of the objective to various factors. Sensitivity analysis is useful in
informing a prudent policy that balances risk and benefits, even when the study results are
viewed with some skepticism. To illustratethe importanceof risk hedging in planning, consider
Example 12.
... . ,ii I,L ii I I I II I I I.I I ii I I

Example 12: Risk Hedging in Planning
Consider the utility U, shown in Figure 2-7, which is building two transmissionlines to
two remote resources, R and S, which have been acquired by the utility. Utility U
anticipates that load growth will necessitate additionalgeneration construction in the future
at one, but not both, of the locations. However, the choice of futureconstruction depends
on a numberof uncertainfactors.

The utility can take a myopic viewpoint and build only adequatetransmission capacity to
interconnectwith R and S. Alternatively, it can preparefor future growth by overbuilding
the transmissiontowers on one or both of the lines. It may be cheaper to overbuild the
towers of both lines now than build a completely new line later, even though the utility is
sure that it will need to expand only one line. Because of the uncertainty in future plans,
the utility may incur extracosts by overbuilding; however, by hedging against both
alternativegrowth possibilities, it can avoid the futurecost of a completely new line.

i i , iim i ll|l i i li i

H. i i li _ li ii

Remote Resource Utility Remote Resource
i i i i i I,H i

F_gure2-7
Utilities and Resources in Example 12

We will see that overbuilding of towers in the Kramer-Victorcase study can be interpretedas
planning for future uncertaingrowth.

2.4.3 The Balance Between Operations and Planning

While we have discussed operations and planning separately, it is important to recognize that
each affects the other. While operations can be optimal with respect to a given level of
transmission, and planning can be optimal with respect to given operational practices, consider-
ation of one to the exclusion of the other can lead to significant inefficiencies. In Example 11,
it may be possible for a regulatoryauthority to order W to wheel for B and S. For example,
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W may be required to make any excess capacity in the transmission system available for wheel-
ing at embedded costs. Disregarding the informationasymmetries between W; the regulator;
and, B and S, over W's excess capacity, it may be possible to achieve short-termefficiency.

In the long-term, however, W may decide not to expand its transmissioncapacity adequately
between B and S if it must make any such capacity availablefor wheeling and cannot itself proft
from the transmission. In the long term, the lack of adequate transmissioncapacity could have
much more significant effects than the short-term gains of trade from the wheeling. To be
effective, a short-term access policy must be complemented with long-term provisions for
construction. The short- and long-term provisions of the Utah Power and Light-PacifiCorp
merger commitments illustrate this interplayof operation and construction. In Section A.3 of
the appendix, we discuss some of the economl,, literature on wheeling that considers the
interplay of short- and long-term issues.
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Chapter 3

Utility Integrated Resource Plans: What Role for
Transmission?

3.1 Overview

In this chapter, we examine the treatmentof transmission planning in Integrated Resource
Planning (IRt') through a review of the IRP plans of four utilities:

1. Florida Power Corporation;
2. Nevada Power Company;
3. Niagara Mohawk Power Corporation;and,
4. Pacific Gas and Electric's Delta Project.

The first three plans are conventional IRPs. The fourth, the Delta Project, is somewhatdifferent
in that it involves the integration of Demand-Side Management (DSM) with transmission and
distribution. Furthermore,the Delta Projectdoes not explicitly involve multi-partytransmission.
However, we include it because it shows the close interaction between the economics of DSM
and transmissionand distributioncosts, which therefore affects the relative economics of DSM
versus, for example, new remote generation requiringtransmission.

These four IRPs represent the most explicit treatment of transmission planning in current
practice. Compared to the level of detail outlined in Chapter 2, however, the discussion is
typically quite limited. As Chapter 4 demonstrates, regulators must adjudicate transmission
planning issues when major projects are proposed. Section 3.3 outlines some of the linkages
between IRP and such cases. We conclude in Section 3.4 that there will be inevitable feedback
and interaction between IRt' and these other processes, but that its precise nature is still
indeterminate.

3.2 CurrentIRP Practice

3.2.1 Florida Power

- Florida Power Company (FPC) is a utilityin Central Florida with a peakdemandof over 6 GW.
FPC's 1991 IRP consists of load forecasts, generation options, and demand-side management
plans, as well as the impacts of a new 500 kV tie-line from FPC Northwards to the Southern
Company that is to be in service by 1997. The new tie-line contributes to increased reliability
throughimproved stability and access to emergency purchases; allows for continued purchases
of 400 MW of firm power from the Southern Company;and, provides for increased economy
purchases (FPC 1991).

37



The tie-line is justified mostly on the basis of emergency supportand economy purchases (FPC
1991). The 400 MW of firmpower purchasesfrom the SouthernCompany begins in 1993 and
continuesuntil 2010 and representsapproximately10%of the total additionalresourcesneeded
to meet FPC's 2001 Winter peak demand. In consideringthe benefits of this significantpower
purchase, transmissionconstruction costs of the tie-line were essentially considered to be sunk
and therefore did not apparentlyaffect purchasedecisions. In other words, there was no explicit
trade-off of the cost of various transmissioncapacity options against the benefits of increased
purchases from the Southern Company.

3.2.2 Nevada Power Company

Nevada Power Company(NPC) is a SouthernNevada utility with a peak load of approximately
2.3 GW that is rapidlygrowing due to the growth in the touristand casino industries. Most of
the NPC load is concentratedin and around Las Vegas. Transmission needs for access to
resourcesare therefore relatively easy to identify since mostpotential routes connect radially to
Los Vegas as shown in Figure 3-1. Power purchaseproposals were solicited from 30 potential
suppliersand transmissionneeds evaluated and comparedto NPC's own potential construction
options (NPC 1991). Analysis "
is relatively simple in this case UTAH ]
because ali connections are /
radial, and none of the RNIA ,IPP
network issues identified in NEVADA Sigurd

Section2.3 arise. ... "
e"

3.2.3 Niagara Mohawk Southern Red Butte

Power Corporation _ Adelanto Nevada

Niagara Mohawk Power _ vi_

Corporation (NMPC) is a __ , Moenkopi
utility in Central and Upstate Lugo :
NewYorkwith a peakdemand Liberty
of over 6 GW. NMPC has
issued two IRP's, in 1989 and
1991. Transmission was ARIZONA
investigated in the 1991 plan
to identify strong and weak
areas of the transmission _-_: _ _ m_ 1.1)
system, describe problems,
and propose solutions (NMPC F'tgure3-1
1991). The NMPC service External Transmission Connections to -
area was divided into sub- Nevada Power Company
regions and transfer
capabilities were investigated
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to grade the sub-regionson the local capacity to import to loads and to export power from local
generation. Five majortransmissioninterfaces:

• OntarioHydro-New York (OH-NYPP);
• West New York-CentralNew York (West-Central);
• NorthernNew York-CentralNew York (Moses-South);
• Central New York-EasternUpstate New York (Central-East);and,
• New York-New England Power Pool (NYPP-NEPOOL),

. were also investigated to determinecapacity for bulk power transmissionbetween areas. Figure
3-2 sl_,owsthe results of this study, with sub-regions differentiatedaccordingto whether proj_
could be accommodatedby existing transmissioncapacity, could defer the need for expansion,
or would increase the need for transmissioncapacity.

The costs and characteristics of th_ proposed local transmission reinforcementprojects were
incorporatedinto the costs of proposed generationand/or DSM projects in order to develop an
optimal portfolio of projects.

3.2.4 Pacific Gas and Electric Company Delta Project

The Delta District is a distributionplanning area in PG&E's service territory with a load of
approximately 90 MW (Orans 1991). The Delta Project is an integration of demand-side
managementand transmissionanddistributionplanningfor the Delta District. While PG&E has
a company-wide IRl', the Delta Project represents an experimental approach to much more
detailedanalysis of local geographiccosts and benefits of load growth and DSM opportunities.
Much of the focus is on distributionsystem expansion costs.

PG&E currently has plans for upgrades of transmissionand distributioncapacity in the Delta
District over the 1990s and into the twenty-first century to accommodate growing demand.
Orans(1989) has developed a methodology to evaluate the changes in _)resentworthof the cost
oi this planned expansion as timing of the planning decisions are changed to accommodate
changes in the expected demand trajectory. Fromthis estimate in the change of present worth,
temporally and geographically disaggregated transmissionand distributioncosts due to changes
in lc_d can be calculated. These transmission and distribution costs can be used to evaluate
whether DSM proposals are economic when introducedat a given time in a given place in the
distribution system.

Because DSM can potentially delay transmission and distributionexpenditures, the benefits of
DSM will be under-estimatedif transmissionand distributioneffects are ignored. In contrast,

" if transmission costs are ignored for supply-sideoptions, then the costs of these options can be
under-estimated. Clearly, this asymmetry can bias the comparison of DSM and supply-side
options, particularlyif both types of resourcesare being bid in an auction. The Delta Project
represents an initial effort to address coherently the local networkcosts and benefits of DSM.
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3.2.5 Summary

Transmissionsystem expansionplans are representedin lim_i detail in the IRPplans of Florida
Power Corporationand Nevada Power Company. This is consistent with standardpractice in
IRt', where productioncost models used to compare alternative resources are generally run as
"one-bus"models, i.e. with generation assumed _obe directly connected to load wi,_houtany
explicit characterizationof the transmission network. This means that transmission costs are

. typically suppressedwhen resources are compared. Transmission is only considered when:

1. resources are remote so that radial transmissioncosts can be directly incorporated
into _hecosts of generation, or,

2. there are knownbottlenecks, which a priori limit the projects that are considered in
a plan.

For resources which do not fall into these categories, there is no explicit trade-off of resource
costs and transmissionneeds against projectbenefits. The effect of generation choices on the
need and cost of internalnetworktransmissionis therefore typically neglected. For systems such
as Nevada Power, where most demand is concentratedaround a single area, this may not bias
the choice of supply options significantly, since the radial transmission costs of most potential
suppliers can be easily incorporated into the bid assessment.

Methodologies used by Niagara Mohawk in their IRPplan and Pacific Gas and Electric's Delta
Project do treat the costs of transmission in a way that fairly compares among demand and
supply-side options. These approaches begin to incorporate location specific costs and benefits
into the resource selection process.

3.3 The Larger Setting: Linkages Between IRP and Other Processes

The examples of "conventional IRP" given above show a limited treatment of transmission
planning comparedboth to the range of possibilities outlined in Chapter 2 and the actual cases
adjudicatedby state regulatory agencies that will be reviewed in Chapter4. In this section we
outline the potential linkages between "conventional IRP" and other processes in which
transmissionplanning occurs. The goal of this examinationis to frame the question of whether
IRt' should or can be confined to the role described in the three utility IRt' plans. We formulate
these linkages in three ways: (1) the role of state law in defining the authority of regulatory
commissions, (2) the regional aspect of transmissionplanning, and (3) the question of whether

. planning or competitive processes determine transmission needs or vice versa. None of these
questions has definitive answers, but each of them affects the manner in which state IRt'
processes will ultimately cope with transmissionplanning issues.

41



3.3.1 The Role of State Law

The authorityof state regulatorycommissions over transmissionplanning is seldom clear and
explicit. Where state law defines IPP responsibilities for regulatorycommissions, transmission
may not be mentioned explicitly. Typical language refers to planning for "resources." Under
such language, transmissionwould have to be interpretedto be one such resource if transmission
planning were to be considered integral to IRP. This essentially semantic question is much less
importantthan the more fundamentaljurisdictional question, the authorityof state commissions
over ali electric utilities in a state. The mostcommon situationinvolves a limited domainfor the

regulatory commission;typicallyconfinedto investor-owned utilities and excluding government-
owned utilities. The California-OregonTransmissionProject(COTP), discussed in Section 4.3,
illustratesproblems that can arise when the participantsin a large transmissionprojectare not
ali subject to the same regulatory regime. Conversely, the Wisconsin Advance Plan (WAP),
discussed in Section 5.3.1, illustrates the opposite model. The WAP is based on a legislative
framework which gives the state regulatory agency authority over both investor-owned and
government-owned utilities.

Detailed analysis of the WAP is deferred until later. For the presentdiscussion, its importance
is simply that: (1) WAP involves comprehensivetransmissionplanning substantiallybeyond the
limitedexamples in the three utilityIRPs, and (2) to achieve this result unique state legislation
is a necessary (but not sufficient) condition. This means that, in principle, conventional IRt'
mightbe broadenedto include the full rangeof transmissionplanning. In practice, however, this
alternative depends upon special legal conditions that may not be easily or readily duplicated
elsewhere.

3.3.2 Regional Issues

Frequently, transmission planning occurs at the regional level. Beginning in the 1960s and
1970s, utilities formed special study groups to examine future configurations of the regional
network involving both generation and transmission capacity expansion. When interstate
transmissionprojects are constructedas a result of such joint planning, individual participants
must obtain regulatory approval for the investments involved. Before IRP processes became
widespread, there was relatively little attention given to transmission investments by state
regulators. Now, it is less clear how the regional aspect of transmission planning will be
reflected in the IRP process, which is fundamentallyorientedto individualstate concerns.

With the exception of the NorthwestPower Planning Council, there is no functioning model of
a multi-stateplanning and regulatoryactivity. There are, however, both formal and ad hoc co-
operative planning activities involving state regulators that can complement state level IRP.
Where such cooperation has occurred, e.g. the National Association of Regulatory Utility
Commissioners (NARUC) regional regulatory affiliates, it has not typically been motivated by
transmission planning concerns. Therefore, in the short term regional issues will probably
impede the absorption of transmissionplanning into "conventionalIRP."
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3.3.3 Does Transmission Planning Lead or Lag IRP?

The case studies in Chapter4 do not provide much general guidance concerning the linkages
betweenIRt' and majortransmissionprojects. In one case, the ConsumersPower - PSI line (Sec.
4.5) the relationship of the project to the larger IRP setting became a contested issue. In a

. general sense, new transmissionfacilities would expand the set of resources to be evaluated by
an IRP. In manycases, however, the need for resources may have motivatednew transmission
projects. To some extent, this distinction may be a "chicken or egg" question; it is not really

. possible to say which came first.

A useful analogy is the recent history of pipeline expansions in the naturalgas industry. New
pipeline capacity in California and New England has been built recently in anticipation of
increasing gas demand in those regions. The existence of these projects, however, to some extent
has also created demand for their services. Incremental interconnection costs are lower when

new transmission or pipeline capacity is available in a region. This will affect siting decisions
for private power producers. The Kramer-Victor case, discussed in Section 4.4 below, raises a
number of issues involving the interactions between current and future siting decisions, and the
scale economies of transmission re-inforcements.

3.4 The Future Challenge

The limited treatmentof transmissionin "conventional IRt'" may or may not represent a stable
planning and regulatory model. As more experience is gained with IRt', transmission-related
questions will inevitable find a piace in the discussion. Regulatory commissions will find that
these issues must be integrated in some fashioninto the IRPprocess. One exampleof this trend
is the recent order of the MontanaPSC, requiting that transmissioncosts (both positive and
negative and including opportunity costs) be incorporatedinto resource comparisons (Montana
PSC 1992). Exactly how this will be done remainstobe seen.

There are reasons to limit the role of regulatory participation in transmission planning and
reasons why large scale transmissionprojects must be accounted for in any integrated plan. It
is too early to tell what the best balance may be. The subsequentchapterswill drawout in detail
some of the issues posed to state regulatorsby majortransmissionprojects, some of the policy
frameworksproposed to deal with those issues and some of the technicalanalysis issues involved
in transmissionplanning.
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Chapter 4

Case Studies: State Regulation

4.1 Overview

In this chapter, we present case studies of five transmissionprojects:

" 1. Second Devers-Palo Verde Line (DPV2);
2. California-OregonTransmissionProject (COTP);
3. Kramer-VictorLine(K-V);
4. Duquesne Light/GPU Joint Venture (DL/GPU); and,
5. ConsumersPower-Public Service of IndianaLine (CP-PSI).

The costs and physical characteristicsof these lines are summarized in Table 4-1. The total
costs of ali projects are over one billion dollars. Collectively, with the exception of the

Table 4-1
Costs and Physical Characteristics of Lines

Cost Voltage Rating Length Cost/(rating.length)
Project /MS /kV /MW /miles /($/(kW.mile))

K-V 44 i 220 10002 38 1.16

DPV2 260 _ 500 1200 240 0.90

DL/GPU 3164 500 1500 240 0.88

COTP 414 s 500 1600 340 0.76

CP-PSI 586 345 500 607 1.94 s

Notes and Sources:

I. Circa 19905 (CPUC 1990a), but excludingestimated cost of tower overbuUding(CPUC9Oa).
_' Estimate(Verhey 1989b)0Rupp1990a), but only 630 MW uxd by tsl Energy and Luz.
s. 19935 (CPUC 1988).

4. 19915, (Milbourne 1991). Cost includesphtse-shifiers and series compensation.
s. Circe 1991$ (CPUC 1991). COTP involves rebuildingmine existh_ lines andcost excludes the cost of acquiringthese lines.
s. Circa 19945 Oohmon 1992). Cost includes only the section of line in Consumers Power territory and excludes the cost of:

" the 345 kV to 138 kV step-downtransformerst Branch substation;other 138 kV construction;and, the estimated difference
between the costsof single-circuit and double-circuitconstruction.

7. Lengthincludes only the section of line in Coneun_rs Power territory.
*' Excludingthe cost of phase-ahiflerssswell as the cost of the 345 kVto 138 kV transformer, the other 138kV construction,

andthe cost difference between single- and double-circuitcotmmction yields • com of 1.24 $/(kW.mile).
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Consumers Power-PublicService of Indiana Line, the costs per unit length and capacity illustrate
economies of scale in transmission construction as voltage is increased, consistent with the
general observations in Section 2.3. The anomalous cost of the CP-PSI line will be discussed
in Section 4.6.

We begin each study with background material to set the context of the project. Then the
project is discussed in relation to the issues raised in Chapter 2. We identify the issues from
Chapter 2 that are most important in each case; however, we emphasize that almost ali these
issues appear to some degree in every case study. These projects were selected for study either
because their details are reasonably well documented, or because they pose important policy
questions, or both.

In the last section of the chapter, o,,,u:_ m,_)
we draw together the case studies _ --',_
and highlight the issues that are /
important in a number of studies. Orega. t

14.2 Second Devers-Palo Soh.mor.ao.
Verde Line (DPV2)

4.2.1 Background

)rnla-OregonTransmission Project
Devers-Palo Verde 2 is a 500 kV

line proposed to parallel the
existing 500 kV Devers-Palo T_a
Verdel (DPV1) line on a
common transmissioncorridor. It emporia
would add 1200 MW of _u
transmission capacity from the Kmmer

9evictor Io Vercre2
Palo Verde switchyard in Kram( _,..__,,Southwest Arizona to the Devers
substation in Southern Califor- PaloVerde

nia (CPUC 1988), which are
approximately 240 miles
apart (Weatherwax et al. 1987a).
A schematic map of the proposed t_.,.: _p,.,__ _ om),,a-, ,__w (.m),
line is shown in Figure 4-1. no,,,,1 _ _ (1ta0}, _ _ 7 _ _ (llmOm).

DPV2 is a joint venture between Figure 4-1 ..
Southern California Edison (SCE) Map of DPV2, COTP and K-V
and some California Municipal
Utilities (MUNIs) (CPUC 1988),
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including the City of Los Angeles Departmentof Water and Power (LADWP). Besides the
MUNIs thatare joint venturers, several other MUNIs have also arranged for wheeling service
over the line. Priorto the proposal of DPV2, there were already several lines running from the
Desert Southwest (DSV0 to SouthernCalifornia. DPV2 would strengthenan already significant
high-voltage transmission capacityof 5600 MW maximumrating between Southern California
and the DSW (CPUC 1988). The proposed objectives of DPV2 were:

1. to increase firm transfercapacity from the Desert Southwest (DSW) for SCE and the
other participants;

. 2. to increase access to economy energy (CPUC 1988); and,
3. for LADWP, apparently also to facilitate future access for remote generation

proposals from independentpower producers(LADWP 1990).

4.2.2 Significant Issues

In orderto participate in DPV2, SCE requiresa 'Certificate of Public Convenienceand Necessi-
ty' (CPCN) from the California Public Utilities Commission (CPUC). The proceedings at the
CPUC were long and complex, and punctuatedby several discoveries that completely changed
the economics of the project. Figure 4-2 summarizesthe regulatoryhistory. There were radical
changes in the justification for the line advanced at the CPUC; however, it appears that the
decision to build the line was never in dispute for SCE. The series of technical analyses were
raised to justify the project to the regulators, not apparently as part of an internal decision
process. In the following subsections, we divide the history into the four stages illustratedin
Figure 4-2.

Stage 1: Benefits of Economy Energy and Transmission Revenues

In SCE's initial case before the CPUC, a June 1990 in-service date was proposed and claimed
benefits of the line included:

1. benefits of off-peak economy energy purchases from the Desert Southwest region
03SW);

2. transmission revenues on DPV2; and,
3. increased utilization of other SCE system lines to the West of the Devers

substation through increased transfercapability from the DSW (Weatherwax 1987a).

Note that the first issue is a radial benefit, the second is an intermingling of the gains of trade
with pecuniary benefits, while the third is a positive network externality.

The CPUC Division of Ratepayer Advocates (DRA) staff argued that the case was flawed
because "SCEutilized inconsistent inputdata, and, in some cases deficient modeling procedures
in i_s analysis" (Weatherwax 1987b) that overstated the benefits of off-peak economy energy
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purchases attributable to DPV2.
The inconsistencies seem to have

arisen because the results of Stage 1: i
various studies, performed over an Benefits:

extended period, and based on DSWEconomy
continually revised data such as TransmissionRevenues
fuel price forecasts, were CPUC DRA: l
combined to support the case for DSWBenelitsOverstated _[
DPV2. W'hile each study could ,t,

individuallybe consistentwith the Stage 2: .
range of possible data estimates, Benefits:
the combined case was Interconnection
insupportable. As described in LADWP: Support
Section2.2, we label this type of ExchangeAgreement :/
discrepancy an information *
asymmetry, in this case, evidently Stage 3:
internal to the firm, rather than JointStudy
between the firm and the Benefits:
regulator. PNWEconomy

PumpedStorage

San Diego Gas & lrom LADWP

Stage 2: lnterconnection Support Electric (SDG&E) .I

and the Exchange Agreement MergerProposal -j,
Stage 4:

SCE was instructedto correct the ReducedBenefitsof
analysis (Weatherwax 1987b) and moretransmission
later submitted further testimony
that emphasized another benefit of
DPV2, namely the economy of .....
scope of utility interconnection Figure 4-2
support, which had not featured DPV2 Regulatory Analysis Chronology
prominently in SCE's original
case. SCE's estimates of the

value of interconnection support were subsequently also criticized (Weatherwax 1987"o).

Interconnection support was overshadowed in late 1987 when the DRA discovered that SCE had

an 'exchange agreement' with the Los Angeles Department of Water and Power
(LADWP) (CPUC 1988). The agreement enhanced the benefits of SCE's and LADWP's
participation in DPV2, by allowing SCE to:

* use LADWP's Castaic Pumped Storage facility, and,
• purchase economy energy from the Pacific North West (PNW) over LADWP's share

of the Pacific Intertie (CPUC 1988),
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in exchange for allowing LADWP increased access to DPV2 and other parts of SCE's DSW
transmissionsystem (Weatherwax1988). As well as capacityexchanges, there were "additional
elements in settlement of other long standing disputes between [SCE and
LADWP]" (Weatherwax 1988) concerning, for example, parallel flow.

Stage 3:JointStudy

Subsequently,SCE and DPA conducteda jointstudytoresolvedataand methodological
.. differences (CPUC 1988). This studyincluded updatedassessment of several economic aspects

of DPV2 and involved joint development and refining of analytic methods, including analysis
of (Weatherwax1988):

1. loss reductionbenefits;
2. stability improvementbenefits;
3. the value of NOxemission reductions; and,
4. utility interconnection supportbenefits.

Based on the joint study, SCE's amended application then claimed that the main benefits of the
project were from transmission service revenues and production cost benefits, with smaller
benefits from improvedair quality, reducedlosses, improved utility interconnectionsupport,and
increasedstability (CPUC 1988). As well as the 'real' benefits of the line, there are 'pecuniary'
benefits associated with:

• transmission service reimbursements for parallel flow, negotiated as part of the
project, and,

• QF payment reductions (CPUC 1988).

Most of the production cost benefits do not arise directly from DPV2, but inste_ come from
provisions in the SCE/LADWP exchange agreement. These benefits are due to (CPUC 1988):

• additional PNW purchases, made possible by the Exchange Agreement 'swap' of
intertie access capacity, and,

• use of LADWP's Castaic PumpedStorage Hydroelectricplant as spinning reserve.

Ironically, "SCE's access to attractively priced economy energy from the Southwest actually
decreases (until 2005) with the construction of DPV2" (CPUC 1988), because of increased
competition for Southwest economy energy available over DPV2 and other lines (Weatherwax
1988).

Because of the large dependence of the viability of DPV2 on the exchange agreement, it is
necessary to consider both DPV2 and the exchange agreementin assessing the benefits of DPV2:
there is an important synergy between the two factors. Sierra Energy and Risk Assessment
(SERA) estimates the effect on benefits due to the exchange agreement to be approximately
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230 MS, in 19905 (Weatherwax 1988), which is nearly as large as the total capital cost of the
line of 260 MS (CPUC 1988).9

Severalalternatecases and scenarioswere considered in the DPV2 joint study. Based on these,
the DRA has suggested that the revised in-service dateof June 1993 (CPUC 1988) proposedfor
DPV2 by SCE may not optimize the ratepayerbenefits and "argues that SCE should not be
satisfied with simply creating a cost-effective project; it should seek to maximize ratepayer
benefits" (CPUC 1988).

The joint study represents a significantchange in the relationshipbetween SCE and the DRA.
Before the joint study, on at least two occasions, DRA discovered serious flaws in the SCE's
economic studies. Although SCE certainly used its technical expertise to further its financial
goal of ratebasedcapital, there is no suggestion thatthe proponentsof DPV2 deliberately misled
the CPUC; however, it is also not clear thatali the errors in the analysis have been identified.
Nevertheless, the cooperation between the DRA and SCE in later stages of the application
reduced the potential for undiscoverederrors in SCE's case for a CPCN (Certificate of Public
Convenience and Necessity).

The joint study process has several other advantages, including:

1. reducing the amountof redundantanalytical work in non-controversial issues;
2. avoiding some of the effortof litigation, if agreement can be reachedon many issues

before the applicationis filed; and,
3. standardizingthe analysis requiredfor a CPCN so thatconsistent data assumptions

are employed,

while maintaining separate perspectives on controversial issues. The CPUC is considering
requiringa pre-applicationjoint-studyfor ali applications (CPUC 1988); however, even with the
advantages of a joint study, there are still problems with:

• proprietaryinformation;
• the withholding of information;and,
• the volume of data.

Nevertheless, by standardizingthe studyanalysis, more consistent results should be possible.

9A similar synergistic relationshipapparentlyholds between the proposed 'DC Expansion' of the Pacific DC
Intertie(CPUC 1988) and the exchange agreement,although the effect on benefits has not been quantified(CPUC
19ss).
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Stage 4: The Merger

Anotherissue affecting the viability of DPV2 was SCE's 1988 proposal to mergewith San Diego
Gas & Electric (SDG&E), which owns transmission in the Desert Southwest, including the
Southwest Power Link (SWPL). The DRA's analysis suggests that access to SWPL by SCE
would obviate the need for new constructionin the DesertSouthwest (CPUC 1988). The merger

. would significantly decrease the value of DPV2 to SCE, by giving SCE access to SWPL, which
has a "largelyempty status" (CPUC 1988), apparentlymeaningthat its capacity is unfilled most
of the time. SERA estimates that the merged companies' existing joint system could transfer
at least fifty percent of the energy that is planned to be transferredover DPV2 (Weatherwax
1988). However, SERA concludes that DPV2 would still be cost-effective (CPUC 1988).

The CaliforniaEnergy Commission (CFC) independentlycommissioned a study, performed by
Decision Focus Incorporated (DFI), to assess transmission planning in California and
surroundingregions (DFI 1990). The CEC/DFI study concurs with SERA that if the excess
SWPL capacity could be utilized by SCE, then there would be no need for DPV2 until well into
the twenty-first Century under most scenarios for future fuel costs (CEC 1991). While
constructionof DPV2 will incur costs for current ratepayers, most benefits will not be realized
until far into the future. DFI remarks that institutional considerations, such as competition, and
not the need for regional transmission capacity may be the driving force behind some
transmission projects (CEC 1991).

In the absence of a merger, SDG&E is apparentlyunwilling to allow SCE transmissionaccess
to its Desert Southwest networkfor economy energy purchases (CPUC 1988): there is an issue
here of competition over transmissionaccess between IOUs leading to inefficient utilization of
existing transmission. In the DPV2 decision, the CPUC notes that it should examine the
operational efficiency of the existing system (CPUC 1988).

4.2.3 Summary

The significant institutional issues are: competition between transmission owning utilities over
access to capacity, pecuniary versus real benefits of transmission revenues, information
asymmetries over significant private information concerning transmission capacities and the
benefits of transmission access, and standardsof assessment of benefits.

The significant technological issues are: radial reinforcement in providing access to the Desert
Southwest (DSW), network externalities of parallel flows and enhanced utilization of the
network, synergies between a planned project and a contractual agreement, intertemporal
allocation of costs and benefits between current and future ratepayers,and economies of scope

" of utility interconnection support.
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The technicalevaluation of the benefits brings into question the optimality of the timing of the
projectand the relationshipof planningto the operationalefficiency of the existing transmission
system.

4.3 California-Oregon Transmission Project (COTP)

4.3.1 Background

The COTP, which would reinforce the Pacific Intertiefrom the Pacific North-West (PNW) into
California, was motivatedby the needs of a groupof Californian municipal utilities (MUNIs)
for greateraccess to existing PNW generationand, potentially, to facilitatethe futureconnection
of non-utility bidders for MUNI supply contracts.I° The consortium building COTP consists
of more than 30 utilities (Harvego 1990), the core of which are the utilities known collectively
as the Transmission Agency of Northern California(TANC) (DRA 1990). A schematic map
of the project is shown in Figure 4-1.

Existing access to energy from the PNW for TANC utilities is provided throughPacific Intertie
AC and DC lines that are owned by the California IOUs and the Los Angeles Departmentof
Water and Power (CPUC 1988). Recently, the utilization factor of the Pacific Intertie by the
IOUs has been declining due to:

1. reduced availability of PNW energy as the amount of excess energy in the PNW
declines (DRA 1990), and,

2. significant increases in the transfercapacityof the Pacific Intertie through upgrades
to existing lines.

However, the TANC utilities apparentlybelieve that they would not receive satisfactory service
at acceptable rates over existing surplus firm capacity owned by the IOUs, and COTP was
conceived because the "municipalutilities had continuallyrequestedbut were denied access over
the IOU portion of the existing AC Intertie" (CEC 1991). For example, "[i]n 1981, when
PG&E agreed that [the NorthernCalifornia Power Authority (NCPA)] could purchaseenergy
in the Northwest to be transmittedunderan interruptibletransmissiontariff, there were several
occasions on which NCPA found an energy source in the Northwest, contracted for it, and
obtainedavailable transmissionfrom PG&E. In each of those occasions, NCPA found that,
within a few hours, when the PG&Edispatcherslocated the source of that energy sold to NCPA,
the transmissionline would be declared unavailableto NCPA and PG&E would then step in and
purchase the same energy for its own use" (CEC 1991).

Furthermore, "[n]o [California]entity has authority to enforce joint transmissiondevelopment
between the state's municipal and investor owned utilities" (CEC 1991), nor have voluntary

m See, for example, IndependentPower Report(1991).
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efforts at joint planning proved successful for the MUNIs: Oae small [California]municipal
utility, for example, noted that: 'Joint activities with an enti :y.the size of [an IOU] that has [the
lOWs] general approach is something of a misnomer. [The IOU] exercises such muscle in these
(planning)activities that [the municipalutility] is greatly overshadowed. To the extent that joint
planning takes place, it consists of [the IOU] telling [the municipalutility] what [the municipal
utility] will be permittedto do' " (CEC 1991).

Nevertheless, after COTP was proposed by the MUNIs, the California IOUs became interested
in participation in COTP. As with DPV2, the IOUs need a Certificate of Public Convenience
and Necessity (CPCN) from the California Public Utilities Commission (CPUC) to participate.
They were eventually denied a CPCN (CPUC 1991).

4.3.2 Significant Issues

With limited wheeling access for MUNIs to c_isting lines and limited opportunitiesfor MUNIs
to participate in joint planning, a central aspect of COT/' is the balance of powez provided by
transmission access: the IOUs naturally want to protect their markets, whil_ tl,,eMUNIs want
to bypass the IOUs. A straightforward interpretation of COTP is that it is simply a cost that
must be incurred by the MUNIs to obtain the benefits of increased competition in the generation
sector. The main benefits may be strategic, in forcing more competition in supply markets from
other regions, rather than the direct PNW access benefits.

The economic decisions of TANC are not subject to independent oversight (CEC 1991), since
MUNIs in California are not regu,ated by the CPUC. That is, the MUNIs and the IOr.L are
subject to different regulatory constraints. There are no consistent standards that must be met
by ali transmission projects. In regional transmission projects there is no reason to believe that
the MUNIs will propose better projects or be more cognizant of externalities than the IOUs:
there is therefore little justification in regulating the IOUs to a greater degree than the MUNIs
in this arena. In lact, since COTP passe.xthroughIOU service areas it might be expected that
the ?OUs would be moresensitive to at least some issues such as the environmentalexternalities
of transmissionconstruction.

The Division of Ratepayer Advocates (DRA) at the CPUC evaluates projects from the
perspective of ratepayersof the utilities thatare underthejurisdiction of the CPUC, namely the
IOUs. The DRA report on COTP indicates that COTP will, on balance, make the three IOUs
andtheir ratepayerscollectively worse ¢ _._(DRA 1990). However, equity participationin COTP

= - is better for the IOUs than a MUNI-only COTP. This is because, given a fixed total capacity
for the line, IOU participation in COTP will leave less capacity available to the MUNIs and

: thereby limit the MUNI access to the PNW. This allows the IOUs to maintainmore of their
" wholesale market: for example, "PG&Eacknowledges its desire to maintainas much control of

Northwest-related transmissionas it can in its CPCN Application" (EDAW 1990). Ironically,
- the Federal Government encouraged IOU participation in the project (EDAW 1990), although

i
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COTP can proceed without IOUs since TANC has obtained financing and has eminent domain
fights (Flynn and Associates 1990).

The DRA recommends that the CaliforniaIOUs improve the operational efficiency of their
transmissionnetworks throughincreasedcoordination (DRA 1990). For example, it is possible
that the MUNI transmission access benefits of COTP could have been achieved without
constructionof COTP by, for example, the IOUs selling or leasing entitlements of the existing
Intertieto the MUNIs. As with assessmentof DPV2, there is a significantquestion of whether
or not the existing network is being used optimally. Whether or not the full MUNI access
benefits of COTP could be achieved without construction, the IOUs have a clear commercial
interest in limiting MUNI access to existing capacity in order to preclude the MUNIs from
purchasing from alternative suppliersand to reduce competition from the MUNIs for power
purchasesfrom distantmarkets. Withouttransmissionaccess, the MUNIs must purchasepower
from _eir native IOU or build new transmission.1_ These costs may have been avoided
througha more efficient utilization of the existing network.

Environmentalexternalities are considered in the DRA analysis and discussed in the CPUC
decision (CPUC 1991), suggesting that the net effects of COTP on society were at least of some
concern. Forexample, the conclusion of the DRA reportis thattotal pollution will be increased
with COTP, and the CPUC decision also discusses the valuation of pollutants emitted into the
air. However, the economic analysis does not indicate if the net effects of COTP on society,
including ali ratepayersand utilities, and considering ali externalities, are negative or positive.
For example, pecuniary benefits such as reduced QF payments are included in the 'benefits' in
the DRA analysis (DRA 1990) and in-state andout-of-state pollutantsare valued differently and
arbitrarily. Therefore, the analysis does not indicate if COTP is a net positive contributionto
'social welfare'. To satisfy such a social welfare criterion, the heavy losses to the IOUs (DRA
1990) would have to be more than compensated by even larger benefits to the MUNIs.

In fact, it is not the DRA's mission to assess net societal benefits. Instead, its analysis is limited
by the mandate of the CPUC to the perspective of only a segment of the society and only a
subset of the externalities (CEC 1991), despite eminent domain being conferred by society as
a whole to TANC, presumably for society's collective benefit. That is, the limited perspective
of the California PUC does not even extend to ali the affected Californian participantsand a
fortiori does not extend to ali affected participants. This asymmetric constraint and the
inconsistent evaluation of benefits brings into question the ability of the CPUC to make relevant
judgments in this case.

The California Energy Commission, as a state planning agency, might be better poised to
adjudicatesuch matters. The Decision Focus Incorporated(DFI) study, sponsored by the CEC
and mentioned in the last section, concludes that COTP is justified in the long term in a social
welfare sense, considering overall Western States regional welfare (DFI 1990, CEC 1991);

t_ For example, in relation to another MUNI sponsored line, Mead-Adelanto, SCE desired to discourage
constructionin orderto avoid MUNI bypass (Mays 1990).
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however, in DFI's base-case scenario, and assuming no institutional impediments to optimal
transmissionutilization, increasedPNW-Californiacapacity may notbe justified until the period
2001--2005; furthermore,a project the size of COTP may not be justified until the period
2006--2010 (DFI 1990). Various assumptionsdrive this conclusion, including:

* gas price trajectories,
• coal price trajectories,
• transmissionconstructioncosts,
• constraintson out-of-Californiaconstructionfor the benefit of California,

. • effects of demand-side management,
• demand growth trajectories, and,
• differences in environmentalexternality costs between California and other regions.

These assumptionsand the conclusions of the DFI study may be questioned;however, the study
clarifies the differences between evaluating the benefits of COTP from the MUNI and IOU
perspectives, on one hand, and from a regional perspective, on the other.

While long-term PNW-Californiatransmission capacity expansion may be,justified, questions
remain as to:

1. whether COTP is the best choice of line expansion to improve access to the PNW,
and,

2. whetherbenefits available in the short termjustify constructionbefore the turnof the
century.

Anec_lotal evidence suggests that the constraints on transfer from the PNW may be most
effectively removed, not by the constructionof more transmissioncapacity directly between the
PNW and California,but by the constructionof more capacity in states such as Idahoor Arizona
that would alleviate parallel flow problems. That is, while COTP is apparently a radial
interconnection, there are significant aspects of network expansion in the project. No less an
authority than former Federal Energy Regulatory Commission (FERC) Commissioner Charles
Stalon has been quoted in support of this proposition: "Somebody once pointed out to me that
one of the problems in parallel flows of Northwestpower coming into southernCalifornia is the
shortage of certain kindsof capacity in the Idahoarea. Thatperson insisted that what we really
need is more capacity built in Idaho for the benefit of California. But its immediate objective
would be to alleviate the overloading of lines in Arizona" (Stalon 1990a).

In summary, the transfercapability from the PNW may be limited by parallel flows that cause
overloads on transmission lines that are remote from the Pacific Intertie: "Pacific AC Intertie
operations, for example, are frequently curtaileddue to counterclockwise loop flow reducing
transfers of Northwest firm and economy energy to California" (Hayward et al. 1991).
Conversely, "[l]oop flow inhibits some of the intermountainstates from increasing transmission
capacity, because any such expansion would get filled up from existing Pacific Northwest-to-
California transactions"(NARUC 1990).
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Wldle the COTP may be a feasible way to increase PNW access, it may not be the optimal
project: the most cost-effective way to improve transfer capability from the PNW may be
throughjudicious networkexpansionof transmissionfines that are remote from the PNW. This
is an illustration of the "strong line/weak fine" externality illustratedby Examples 2 and 4 in
Section 2.3.2 above. Other, potentially cheaper, ways to improve transmissioncapacity from
the PNW include:

1. technical fixes, such as described in EPRI's Flexible AC Transmission Systems
Study (EPRI 1990), that improvetransfercapabilitywithout majorconstructionwork,
and

2. 'stability mitigation'proceduresas suggested in (CEC 1991).

The feasibility of other transmissionimprovementsis uncertain;however, it is clear that State-
based regulation of transmission is unable to respond in an effective way to such possibili-
ties (Stalon 1990b). Even Federal Agencies involved in COTP have not given consideration to
the possibility of such alternatives. For example, the United States Departmentof Energy and
the Western Area Power Administration were two of the three lead agencies for the
EnvironmentalImpactStudy (EIS) for COTP. Four other Federal Agencies also cooperated in
the study. However, no alternativemutes or transmissionalternativesoutside of Californiawere
considered in the EIS (USDOE 1988).

Even if some Pacific Intertie expansion is necessary for maximizing welfare, there is still an
importantquestion of whether COTP, as proposed, is the optimal transmission project or is
optimally timed. For example, "It]he involvement of the IOU's [sic] and other entities in the
projectsubsequent to the originalproposal did not result in an increase in the size of the project,
indicatingthe project may havebeen oversized in the neartermfrom a municipalutility perspec-
tive without IOU participation"(EDAW 1990).

Furthermore,subsequent to the original COTP proposal in 1984, the capacity of the existing
Pacific lntertie has been increasedthrough upgrades, while the availability of PNW energy has
decreased (CPUC 1991). Because the currentPacific Intertieis under-utilizedand will continue
to be so due to long-term changes in the Pacific Northwest supply balance (DRA 1990), it
appears that the COTP will furtherdecrease the utilization of the Pacific Intertie.

In Section 5.2, we discuss the Western SystemsPower Pool (WSPP) and the LargePublicPower
Council (LPPC) transmissionproposal, which advocate market-basedpricing for transmission
services. Intertemporal unsustainabilityanalysis suggests the potential entry of the MUNIs into
the previously IOU dominatedtransmissionmarket may be incompatible with a market-based
pricing mechanism. To demonstratethis potential effect, we paraphrasethe analysis in (Baumol
1988), which was describedin Example 9 in Section 2.3, as it applies to COTP to show thatthe
conditions for intertemporalunsustainabilityare satisfied in this case.

We view the IOUs as (sometimes unwilling) incumbent suppliersof transmissionto the MUNIs.
The MUNIs have traditionallybeen buyers in the transmissionmarket; however, in proposing
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COTP, the MUNIs in TANC have also become potential suppliers of transmission service,
although their major anticipated 'buyers' are the TANC members themselves. To analyze the
transmissionsupply market, we view the IOUs as incumbentsuppliersand we view TANC as
potential entrants.

We assume that demand for transmission service is growing and assume that some PNW
transmission capacity expansion is called for as part of an optimal transmission plan, given
overall social welfare maximizationas an objective. Note that the optimal expansion could be
carried out, at least in principle, by either the incumbent suppliers or by the entrants. In

. practice, of course, there may be real differences in construction costs and other fixed costs
depending on whether the incumbents or the entrants undertakethe expansion; for simplicity,
we will assume that these differences are relatively small. Furthermore,because payoffs accrue
to differentparticipants, there are differences in pecuniary interests: this is an important partof
the MUNI/IOU competition issues discussed above; however, here we are concerned with
overall social welfare optimal expansion plans and are not considering the distribution of
payoffs.

In setting up prices for transmission, whether bundledas retail rates or as unbundledsales of
transmissioncapacity, IOUs expect to cover costs of transmissionin revenues. In addition, for
transmission prices to be 'sustainable', there must not be any set of lower prices that yield
higher transmission profits. Unless fixed costs of entry, such as legal fees, are high enough,
then the analysis in (Baumol 1988) shows that the transmission market is unsustainable. As
describedabove, the DRA analysis (DRA 1990) indicates that there will be considerableunused
capacity in the Pacific Intertie if COTP is built, indicating that TANC is capturing incumbent
market as well as supplying the incremental market.

Despite the importance of the issue of unsustainability,we emphasize that strategic and long-
term access issues are at the heart of COTP. MUNI ownership of COTP allows better access
to remote potentialIndependentPower Producers' (IPP) resources in the PNW. For example,
SacramentoMunicipal Utility District (SMUD) has recently recommendedpurchases from two
independentpower producers in British Columbia(IPR 1991). However, the complexity of th_
technological issues involved in determining the benefits makes it very difficult to assess the
interplay of technological and institutionalissues.

4.3.3 Summary :_

- The significant institutional issues are: competition between IOUs and MUNIs over access to
existing and planned transmission, asymmetric constraints between IOUs and MUNIs due to
anomalies in regulatoryjurisdiction, stateand regionalconflicts andlack of planningjurisdiction
and initiatives on a regional scale, pecuniaryversus realbenefits of QF payments, and standard-
ization of benefit assessment for all utilities.
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ii

The technological issues are radial
(Note:_ _. notta minis,most Jam omitted.)reinforcement to a remote resource

to the PNW, yet also negative

network externalities due to ToCal Energy(China Lake)
parallel flow in the wholeNorth-
West region, and potential
economic unsustainability due to

economieSgrowth.Finally,°fscaletheCOUpledtechnicaltOKramerSubstati \ _ ,LToLuz(HarperLake)
evaluationof the benefitsbrings
intoquestionthe optimalityof this
large, COmplicatedproject. As
with DPV2, the relationship of
planning to the efficiency of
current operation is also in
question.

4.4 Kramer-Victor
Line (K-V) °"

4.4.1 Background

California Energy Company (Cal so_: _ 1 ,__ ota) _ _=s 7,_a_ (,_).
Energy) and Luz International i i,i

Limited (Luz) are two COmpanies

developing generation facilities in Figure 4-3
the Mojave Desert to sell Map of Pertinent Lines in Kramer-Victor Area
electricity to Southern California
Edison (SCE) under standard
contracts for Qualifying Facilities (QFs) (CPUC 1990a). CadEnergy has built two geothermal
power plants at China Lake with combined capacity of 150 MW, while Luz planned a series of
Solar Thermal generators at Harper Lake, each rated at 80 MW, for a total of 630 MW of
independent generation. Luz has brought one unit on-line and planned to build a total of six
units (CPUC 1990a). Luz has subsequentlyentered bankruptcy.

In initial discussions between Luz and SCE in 1986 and 1987 over transmission requirements,
SCE proposed a new radial connection between the Luz facilities at HarperLake and SCE's
Victor substation. A schematicof the path of this proposal is shown in Figure 4-3 and we refer
to it as Proposal 1. The line would have required a new transmission corridor through un-
touched desert from HarperLake to Victor. SCE's initial proposal to Cal Energy apparently
also involved radial connections from China Lake via Inyokern Substationto Victor (Verhey
1990). From Victor, there is ample transmissioncapacity to SCE's Lugo substation, which is,
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in mm, interconnected to SCE's 500 kV system that provides bulk connection to SCE's load
centers.

Proposal 1 consisted of two double-circuit 115 kV lines with total thermal capacity somewhat
larger than the maximum outputof the Luz units. The lines could be built one at a time as the
Luz capacity increasedso that the risk of unusedcapacity would be small. With ali four lines
built, the N-1 criterionwould be satisfied by the lines. The proposal is summarizedin Table 4-
2a, with total costs estimated in July 1987 at 55 MS. Consistent with earlier California Public
Utility Commission (CPUC) decisions (Alahydoian and Comnes 1990), it is reasonable to

. assume that the total costs of Proposal 1 would have been allocated to Luz if it had been
adopted. However, Luz found the cost to be unacceptable(Verhey 1989a).

Subsequently, SCE proposed two furthertransmissionplans to Luz (Verhey 1989a):

Proposal 2: A double-circuit220 kV radial line from Harper Lake to Victor, with
most of its length paralleling existing lines from Kramerto Victor,_ and,

Proposal 3: A 12 mile, 220 kV single-circuit radial line from HarperLake to Kramer,
interconnectionwith the SCE system at Kramer, and a 38 mile, double-
circuit 220 kV line from Kramer to Victor, having a rating of
approximately 1000 MW (Verhey 1989b)(Rupp 1990a).

The paths of these lines are shown in Figure 4-3 and the proposals summarized in Table 4-2b.

There are several existing lines in the Kramer-Victorarea that are not illustrated in Figure 4-3.
These lines are already heavily loaded even in the absence of additional generation (CPUC
1990a). At peak times these lines are apparentlyloaded to near their thermal capacity so that
the N-1 criterion is not satisfied. In arguing over cost allocations, Luz contended that the
construction of Kramer-Victorwould improve the reliability of the system by making it more
nearly satisfy the N-1 criterion. However, SCE argued that the N-1 criterion was notapplicable
because: (1) the area has only a small load, and, (2) there is ample spinning reserve in the rest
of the system to make up for loss of supply in the area due to a transmission outage.

To analyze the transmissioncapacity, we adopt SCE's argument and consider thermal capacity
only, neglecting the N-I criterion. Under this assumption, the Kramer-Victorline in Proposal 3
had ample capacity for moving both Luz' and Cal Energy's generation from Kramerto Victor.
Its ratingof approximatelyI000 MW would leave 370 MW of uncommittedcapacity on the line.
Luz and Ca] Energy were responsible for the radial lines from their facilities to Kramer;
however, these radial lines were relatively shorter than radial lines all the way to Victor.
Proposal 3 was eventually adopted and was broughtbefore the California Public Utilities

m2Under one interpretationof Proposal 2, there would have been a double-circuitline from Kramerto Victor.
The two circuits would split at Ifxamer into two single-circuit lines, with one going to Harper Lake and the other
to ChinaLake.
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Table 4-2
gramer-Victor Tratmnission Proposals and Decision Chronology

(a): July 1987, original Proposal from SCE (Verhey 1990).

Cost Allocation

Proposal 1 /MS to Luz/M$ .
i

Two double-circuit 115 kV radial lines: Harper Lake-Victor 09 miles)
and substation upgrades. 55 55

(b): April 1988, two furtheralternatives added to original proposal by SCE (Verhey 1990).

Proposal 2 Proposal 3

Double-circuit 220 kV radial line: Single-circuit 220 kV radial line: Harper Lake-Kramer, interconnec-
Harper Lake-Victor. tion at Kramer, double-circuit 220 kV Kramer-Victor line, and

substation upgrades.

(c): September 1990, final form of Proposal 3, including interim 115 kV rebuild and allocation of costs
(CPUC 1990)(Verhey 1989b).

-- ii ....

Allocation Allocation Allocation

Cost to Luz to Cal Energy to SCE
Final Proposal 3 /MS /MS /MS /MS

iiii i

Single-Circuit Harper Lake-
Kramer 220 kV (12 miles) 10i 10 0 0

IIH,, m

Operation and maintenance
costs at Kramer 2= 2 0 0

Metering and telemetering 3.5 3.5 0 0
,,, H,

Double-Circuit Kramer-

Victor 220 kV (38 miles),
tower overbuilding, inter-
connection, substation 50 22 10.5 17.5
upgrades

ii

Kramer-Victor 115 kV 13 6.5 6.5 0
rebuild

Total 78.5 44 17 17.5

Estimatebawd on goutof Kramer-Victorline (50MS), less costof towerover-building(6 MS), andmultipliedby ratioof
lengthl(12 miles/38miles)andby theratioof thecostsof lingle-ciguuitto double-circuitlines(1/1.43) ('EPR!1986).

= FJtimatebawdonoperationsandmaintanancecmtabeingequivalentto twoman-yearsperyear(0.2 MS)multipliedby factor
of 10to obtainnetpresentvalue.
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Commission (CPUC) for a Certificate of Public Convenience and Necessity (CPCN). The
approximate location of the project is shown in Figure 4-1.

Because of the heavy existing load, and as an interim measure before the Kramer-Victor line
could be approvedat the CPUC and constructed,Luz and Cal Energy agreed to contribute to
the costs of rebuildinga 115 kV line between Kramerand Victor owned by SCE (CPUC 1990a).
The 115 kV rebuild provided capacity for the initial generation capacity until a larger
transmissionline could be built. The allocation of the costs of the Kramer-Victor 220 kV and
115 kV lines and substationupgradesbecame the basis for dispute at the CPUC.

w

4.4.2 Significant Issues

Analysis of K-V is complicated by the interaction of the economies of scale of transmission
construction and scope of transmissionoperation with the uncertaintyof future load growth,
since the 370 MW of uncommittedcapacity on the K-V 220 kV line yields benefits only if it is
eventually used. K-V may by itself promote growth in the area by reducing the cost of grid
intercormectioncomparedto places without such access, potentially accelerating growth in the
area. Evaluation of line benefits also dependson whether or not the line has 'network' effects
such as improving the reliability or reducing the losses. As indicatedabove, there was argument
over these L,sues.Is

Some of the existing lines in the area are currentlyused to transferpower Northwards from the
Lugo substation to loads supplied from the Victor substation. The plannedLuz and Cal Energy
units were to eventually supply the load at Victor, with the balance of their generation flowing
from Victor Southwards towards Lugo (CPUC 1990a). The lines between Victor and Lugo
thereforeexhibit the economies of scope thatare intrinsic to tw_way flow on transmissionlines:
while initially built to support South-to-Northflow, they would eventually be used to support
North-to-Southflow as the relationshipof generation to load centers changed. If these lines had
not already been present in the SCE system, then the cost of interconnectionbetween Luz and
Cal Energy, and SCE may have been somewhat greater.

The towers for the Kramer-Victor220 kV line are to be overbuilt relative to the minimum
requirementsfor QF interconnection, so that an additional set of conductors can be added to
each circuit in the future enabling "SCE to meet any unanticipated future need without con-
structing additional towers or furthertaxing analready crowded transmissioncorridor" (CPUC
1990a).

Edison is prudentlytakingadvantage of economies of scale in transmissionconstruction(CPUC
1990a) and the towers are SCE's standarddesign; however, since "SCE does not currently
anticipate needing additional transmissioncapacity in this corridor" (CPUC 1990a), SCE may

_sThecaseis alsomuddiedbythebusinessassociationof CalEnergywithSCE(CPUC1990a).
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be predicting thatthe Kramer-Victorline itself will promote load growthin the area that, in the
absence of the line, would not have otherwise occurred. A nearby load area, San Bernadino
County, has very high growth (Rupp 1990a). It is conceivable that the high growth rate would
spread to the Kramer-Victor area in the presence of convenient transmission access. To the
extent that growth in this area is on balance beneficial, this eventuality would be a positive
externality of transmissionconstruction.

Because utilities have been obliged under PURPA to take QF power at a price somewhat
independentof location and transmissioncosts, but must build lines to support power flows,
utilities naturallywant to recover the cost of transmission. The regulatory apparatushas been
forced to allocate the benefits and costs of transmission.

In its decision, the CPUC advocates the allocation of incrementalcosts and potential benefits of
the tower overbuilding to the ratepayers(CI'UC 1990a). That is, the ratepayers pay for the
incrementalcost of overbuildingand reap ali the economies of scale. Since the remainingcosts
are to be allocated between the ratepayers,Luz, and Cal Energy, it is arguable that Luz, Cal
Energy, and SCE ratepayersshould ali share in the benefits of the economies of scale in
construction. For Luz and Cal Energy to sharein the economies of scale, somewhat more than
the incremental cost of overbuilding should be allocated to the ratepayers. We will see in
Section 4.5 that economies of scale in the Duquesne/GPU line are shared amongst ali the
participants. Note that the costs of the line overbuilding are being allocated to current
ratepayers, while benefits can only accrue to future ratepayers.

Under some interpretationsof previous CPUC decisions, the costs of Kramer-Victorexcluding
the incrementalcost of overbuilding are to be allocated on the basis of system-wide benefits
producedby the line, potentially including benefits due to, for example:

• reduced line losses;
• system security and reliability;
• emergency support; and,
• enhanced transfercapability.

On even the first issue, however, "It]hepartiesdisagreedas to whetherchange in losses should
be measuredacross the entireSCE network,or on a basis which is isolated to the Kramer-Victor
area. They disagreed as to whether the analysis should be done with the new QF generation
included or not included. In addition, they disagreedas to whether or not the line loss credits
included in utility payments to QFs should influence the analysis in any way" (CPUC 1990a).
Network characteristics of the line are ignoredif the assessment is restricted to changes in losses
in the Kramer-Victorarea only. Figure 4-3 omits manyof the lines in the area and the Kramer-
Victor line may have a noticeable effect on flows in these lines and throughoutthe SCE system,
therefore contributingto network loss reduction (Rupp 1990b).
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As we have remarkedearlier, thereare currentlyno nationalstandardsfor the assessment of the
costs and benefits of transmission, which furthermoredepend on a considerable amount of
informationthat is private to the utility, such as:

• line loadings and the amount of excess transmissioncapacity in the area;
• the availabilityof transmissioncorridors;
• the effect of the 630 MW of Luz and Cal Energy generationon unitcommitment ands,

generation levels at other generators, in particular, the changes in generation at
SCE's Coolwaterplant (Rupp 1990a)(Rupp 1990b);

. • line impedancedata for loadflow analysis to assess changes in losses; and,
• growth estimates for the Kramer-Victorarea.

Consequently, the allocation of costs and benefits has been extremely difficult.

A general observation is that there are both system-wide and project-specific effects of the
Kramer-Victorline: it has both networkand radialcharacteristics. However, the line possesses
economies of scale and scope that make the allocationof benefits dubiousat best. Litigationand
delay are almost certainconsequences. Luz contends, for example, that even negotiation over
a 'method of service' to interconnect Luz and SCE was used by SCE to delay rather than
facilitate interconnection(Verhey 1990). Luz also argues that the 115 kV rebuild was
necessitated because of delays in the construction of the 220 kV line caused by SCE (Verhey
1990).

The final costs and allocations of Proposal 3, including the line costs and other upgrades, are
shown in Table 4-2c. ComparingTables 4-2a and 4-2c, it is clear that Luz' final cost allocation
of approximately 44 MS is more favorable to it than the initial allocation of 55 MS. It is this
20% reduction in allocated costs that drove Luz' interest in the alternatives to Proposal 1.

Proposals 1 and 2 were radial solutions, while Proposal 3 is a network solution to the
transmissionneeds of Luz and Cal Energy. In the followi:_gparagraphs,we will analyze the
social welfare implicationsof the difference between propo_s 1 and 3.

Under either proposal, Cal Energy would also build radial transmission capacity from China
Lake to Kramer. To compare the costs of Proposals 1 and 3, therefore, we can omit the cost
of the line from China Lake to Kramer. If Proposal 1 were adopted, additional radial capacity
would also be required from Kramer to Victor for Cal Energy, while if Proposal 3 were
adopted, then the China I.ake-Kramerline would terminateand interconnect at Kramer.

To estimate the cost of the radial connection between Kramer and Victor for Proposal 1, we
assume that the upgrades to the existing Kramer-Victor 115 kV line would have provided

- adequate incremental capacity to transmitali of the capacity for Cal Energy. As this line was
built anyway as an interim measure, it is reasonableto include it in the complete specification
of Proposal 1 as well as of Proposal 3. From Table 4-2c, this yields a cost of 13 MS. Adding
this to the total cost of Proposal 1 from Table 4-2a yields a total cost of radial connections for
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Table 4-3

Sununary of Economies of Scale in Kramer-Victor
.... m, nn, ,,m,,, ,,,,, ,

4

Cost/ Per Unit Cost
Transmission Plan M$ /(S/kW mile)

Radial: Proposal 1
+ Upgrades to Kramer-Victor
115 kV for Cal Energy 68 2.8

Network: Proposal 3
- Tower Overbuilding 72.5 1.7

Difference: 370 MW of Kramer-Victor220 kV
Capacity 4.5 0.3

,i i,ii m,i Ul i.

Luz and Cal Energy of 68 MS, (excludingthe cost of the China Laketo Kramercapacity.) The
average cost of this capacity is 2.8 S/kW mile, based on the Harper Lake-Victor lines being
rated at 480 MW in total and the Kramer-Victorrebuild increasingcapacity by 150 MW.14

The total cost of Proposal 3 is 78.5 MS, but this includes 6 MS of tower overbuilding that is not
necessary for the QF interconnection. Therefore, for comparisonpurposes, we estimate the cost
of Proposal 3, excluding the tower overbuilding, to be 72.5 MS. The average cost of this
capacity is 1.7 S/kW mile, based on the HarperLake-Kramerline being rated at 480 MW and
the Kramer-Victor220 kV line being rated at 1000 MW.15

The difference between the two total costs is 4.5 MS. The difference in transmission capacity
between the two Proposals is approximately370 MW of additionalcapacity between Kramerand
Victor. The incrementalcost of this capacity is 0.3 S/kW mile. SCE has paid more than the
incremental cost since it was allocated 11.5 M$ of the costs (again excluding tower
overbuilding). However, at 0.8 S/kW mile, this allocated cost is at the low end of the
distribution of average costs in Table 4-1, and is considerably below the average cost of the
Kramer-Victor220 kV line itself. These figures are summarizedin Table 4-3.

SCE argues that it does not anticipate using the 370 MW of incrementalcapacity on the double-
circuit Kramer-Victor line. However, SCE insisted on tower overbuilding, despite this
incrementalcapacity, suggesting that SCE values the incrementalcapacity at far more than the

,4 Here we are assigning ratings to the lines equal to their required loading, because excess capacity in a radial

line to a remote generator is not easily sold or otherwise used. Tlds may underestimate the potential for using
excess capacity on the Kran_r-Victor 115 kV rebuild.

ts Here we assign ratings equal to loading for radial lines, but consider the actual thermal capacity for network
construction since we are considering the possibility of being able to utilize the excess capacity on network lines.
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allocated cost of 0.8 S/kW mile due to expectations of future load growth. Under this
interpretation,the networksolution of Proposal3, which takes advantage of economies of scale
of construction, is superiorto the radialsolutions because it provides for Cal Energy, Luz, and
futureload growthat a lower overall cost than would be possible with the radial solutions. To
see this, note that:

1. while Proposal 1 was cheaper overall thanProposal 3, (68 MS versus72.5 MS) it dida

not provide any additional capacity, and,
2. while Proposal 2 would have cost approximatelythe same as Proposal 3, the use of

radialconnections would not have provided any additionalcapacity between Kramer
and Victor.

In proceedings such as Kramer-Victor, there is the potential for dramatic changes in the
estimates of costs and benefits of the transmissionlines, since the utility has a disincentive to
reveal the true benefits and costs of the line in advance of signing a QF contract if it believes
that it can later have the costs allocated to the QF. SCE's denial of the benefits of incremental
capacitymay be an exampleof thisstrategy. In contrast, the "QFs would like to know what the
constraints [and benefits] are and what they can do about them up front so that they can take
transmission issues into consideration in the proposal phase. As the process works now,
transmissionissues are left for later considerationand can make an otherwise economic project
not viable" (Alahydoian and Comnes 1990).

This problemis generic to any contractfor supply by a non-utilitygenerator that only considers
the cost of transmissionas an after-thoughtandnot as partof the initialdecision process. There
is no incentive for the buying utility to makeor reveal an accurate estimate of transmissioncosts
and benefits nor to follow a consistent policy for access to and pricing of transmission. It is
naturalfor a utility in this position to argue, after the QF contracts have been signed, that the
cost of transmission reinforcements must be allocated to the QFs, even where the utility's
allocation policy differs between projects (Rupp 1990a).

Unfortunately, such inconsistencies have been the norm for QF contracts (Alahydoian and
Comnes 1990), although recent bidding proposals address this issue more
coherently (Shirmohammadiet al. 1991, Staschus et al. 1991). We wiU discuss one of these
proposals, the Pacific Gas & Electric Multi-AttributeBidding Frameworkin Section 5.2.

Even if the allocation issue is resolved, the issue of integrating QF and IPP needs into long-term
transmission planning remains problematic since utilities typically have less time between
announcements of QF plans and proposed in-service dates than they would have with internal
utilityplans. The interim 115 kV rebuild was apparentlynecessitated by time pressures. Use
of FACTS technology, as discussed in Section 2.3, provides a possible solution to this problem

- by temporarily increasing transmission capacity until more permanent solutions become
available. A further advantage of FACTS is that it also delays commitment to permanent
transmission projects therefore lessening the risk of stranded capital in the event of the QF
bankruptcy, as occurredin this case.
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Because Luz and Ca]Energy were proposingprojectsat approximatelythe same time, SCE was
eventually able to develop a plan that accommodated them both by taking advantage of
economies of scale. In general, however, the joint transmissionneeds of QFs or IPPs may not
appear with such convenient timing so that opportunitiesfor takingadvantage of economies of
scale may not become evident until construction has already begun and the opportunities
foregone. While competition in the generation sector was not at issue in the Kramer-Victor
case, proposals such as the Pacific Gas & Electric Multi-Attribute Bidding Framework are
designed to take advantage of competition in the generation sector. We discuss the trade-off
between the potential gains of competition in the generation sector and the potential losses in
transmissioneconomies in Appendix A.5.

The Kramer-Victorline has excess capacity compared to the needs of Luz and Cal Energy.
Lumpiness of transmissionconstruction has dictatedthat SCE obtain CPUC approvalto invest
in and ratebase transmission in excess of thatneeded by Luz and Cal Energy. On the other
hand, while Luz and Ca]Energy haveagreed to pay for considerabletransmissionupgrades, they
apparentlyhave no rights to the network transmission they have paid for, other than the right
to sell electricity at their interconnectionto the SCE system. Luz and Cal Energy were evidently
unsatisfied with the agreements, but acceded to them to hasten the already drawn out process
of gaining access to transmission. Delays by SCE in arranging for interconnectionseriously
affect the financial viability of both firms and may have contributedto Luz' bankruptcy. As
remarkedabove, Luz contends that it was forced into paying for interim measures that were
caused by SCE's delays. The settlement thus paradoxicallycombines elements of Averch-
Johnsonbehavior (Averch and Johnson 1962) in overbuilding transmission, while also limiting
competition by limiting access to that transmission.

4.4.3 Summary

The significant institutional issues are: competition between IOUs and QFs over allocation of
costs of transmission,information asymmetries concerningoperation of the system and benefits
of new capacity, and lack of standardsfor assessment of, among other things, loss benefits.

The technological issues are:network versus radialreinforcements(Proposal 3 versus Proposals
1 and 2), positive externalities due to increased transmissionaccess in the area, economies of
scale in building a single large transmissionproject to accommodate two QFs instead of two
smaller radialprojects and also involving intertemporalallocation of costs and benefits of the
incremental capacity and the tower overbuilding, and economies of scope of transmission
operation.

The delay between the announcement of Proposal 1 and Proposals 2 and 3 illustrates the
difficulty of planning for QF transmission needs. Particularly where several projects are
proposed at different times in a single region, it may be very difficult to plan the networkto take
advantage of economies of scale. This is discussed in detail in Appendix A.5.
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4.5 Duquesne Light/GPU Joint Venture 0DL/GPU)

4.$.1 Background

In the mid 1980s, the steel industry collapsed in Pittsburgh, reducing Duquesne Light
Company's industrial baseload demand by over 700 MW. Concurrently, Duquesne was

• completingconstructionof two nuclearpowerplants (DLC 1990), whichexacerbatedDuquesne's
oroblems by increasing the baseload capacity just as baseload demand was decreasing.
Duquesne subsequentlyclosed down two existing fossil fuel plants:

• the Phillips Station, which is coal-fired with 300 MW capacity, and,
s the Brunot Island Combined Cycle Station, which is gas-fired with 267 MW

capacity (DLC 1990),

and removed them from ratebase. The capital costs of these plants is a sunk liability of
Duquesne's shareholders.

A large potential market for Duquesne's
excess power exists to the East of its
service territory,representinganopportu- t_o_:Scha,sk o_, ,_ to,cm_
nity to recoup some of the investment in
the Phillips and Brunot Island Stations.
Duquesneproposes reopeningthe Phillips
and Brunot Island Stations and selling
their energy and capacity. However,
access to the marketis limited because of

transmissionconstr_nts, including severe p_'.,,,,,_._rgh__'_
parallelflow constraints (DLC 1990). To Han'i_oro
increase transmissioncapacity in order to
sell generation capacity, Duquesne and
General Public Utilities (GPU) have
proposed the joint construction of a smm:u_ _ _ _
single-circuit 500 kV line with phase- _y om_.
shifters and series capacitorcompensation
between Pittsburghand Harrisburg(DLC

1990). A schematic mapof the proposed Figure 4-4
line is shown in Figure 4-4. Map of Duquesne/GPU Joint Venture

UI

-
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4.5.2 Significant Issues

There are elements of both radial and network reinforcement in this line since it serves to
increaseEastwardtransmissioncapacity, but also utilizes phase-shiftersto control parallel flow.
Economies of scale in constructionencouragethe buildingof a 1500 MW line, which is approxi-
mately three times the necessary minimumcapacity needed to transmitpower generated at the
Phillips and Brunot Island stations from Pittsburgh to Harrisburg. The capital cost of the
transmission will be allocated to owners on a pro ratabasis. GPU will own 1000 MW of the
capacity and will transmitthe Phillips and BrunotIsland energy for Duquesne, with Duquesne
paying GPU for transmission service (DLC 1990). There is a synergy between the line and
Phillips and Brunot Island Stations, since the presence of both is necessary for sales to an
Eastern market.

The other 500 MW of capacity will be owned by Duquesne. Its original proposal was to treat
this capacity as an essentially unregulatedprojectand exclude it from ratebase. Subsequentlythe
PennsylvaniaPUC determinedthatthiscapacity would be treatedas a traditionalregulatoryasset
(PaPUC, 1992). Independentof the regulatory treatment,Duquesne "is proposing to make its
1/3 interest available to wholesale customers on a nondiscriminatory basis" (DLC 1991), and
is planning to auction available capacity. The minimum bid price will be the cost of service.
Excess revenues will be credited to customers. The goal of the auctionprocedureis to maximize
the economic efficiency of the capacity allocation. Successful bidders able to reassign or sell
their entitlements, making a secondarymarket possible (DLC 1991). A secondarymarketwould
help in assuring that Duquesne does not have monopoly power in the transmission market.

Duquesne and GPU filed their joint submissionto FERC in June 1992. The proposed auction
arrangements allow bids on a S/kW basis for any range of years and range of desired
transmissionservice quantities. That is, each bidder submits a bid price in S/kW, a start date
and a finish date for the service, and a minimum and a maximum acceptable quantity of
transmission capacity. Winning bidders are allocated an amount of capacity between their
minimum and maximum acceptable quantity for the full period between their start and finish
dates. Ali other biddersare allocated zero capacity.

The winningbids arechosen to approximatelymaximize the value of the bids, subject to the line
capacity limit and the bidders' desired quantityconstraints. The cost charged for the capacity
dependson the bid cost of the marginal losing bidders, so that the auction is like a second price
auction. (Operation and maintenance costs are charged separately.) The proponents of the
auction argue that in such an auction, bidders are motivated to bid a price equal to their value
of service. Consequently, maximizing the value of the winning bids will maximize the ex ante
value of the transmission service (Hogan 1992). A working secondary market would further
improve the allocation of the capacity.

The minimumacceptable quantity (MAQ) constraints in the bids pose special problems for the
auction. In the case that the MAQs were zero for ali bidders, or if they are neglected, the
problem of maximizing the value of the winning bids is a linear program, which can be solved
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quickly with widely available software. Non-zero MAQs make the problem of maximizing the
value much more complicated.

Duquesne proposes using a heuristic to approximatelyoptimize the value. In outline, the
heuristic involves interactively solving the value maximization problem neglecting the MAQ
constraints; checking if all the MAQ constraints are satisfied; and, if not, eliminating from
consideration one of the bids with an unsatisfied MAQ constraint. The procedure is repeatedJ

until ali the MAQ constraints are satisfied by the remaining bids (Hogan 1992).

. The heuristic algorithm delivers a set of bids with MAQ constraints satisfied. It does not
necessarilydeliver the best set, but its proponentargues thatin practice the sub-optimality is not
significant and that the algorithm prevents bidders from benefitting from gaming of bids that
might occur if the trueoptimum was sought(Hogan 1992). The heuristic may in general reject
some bids with non-zeroMAQ constraintsthatwould have formedpartof an optimal set of bids,
and may accept some bids having no MAQ consWaintsthat would not have formed part of an
optimal set of bids.

It is reasonableto suppose thatutilities bidding for capacity to buy or sell economy energy will
not have significant MAQ constraints, while IPPs needing transmission service to deliver
capacity are more likely to have MAQ constraints. Because of this difference between utility
and IPP bidders, and because of the potentially adverse treatment of bidders with MAQ
constraints, there is a potential bias against IPP bidders in the auction. Despite this problem,
however, the proposed auction may be the best compromise solution.

There are also some other issues that arise fromthe auction, but which have not been completely
resolved. For example:

• the treatmentof bids for capacity in years that are far into the future, and,
• the obligations on a winning bidder to sign a contract.

The first issue is problematic if bids for far-future transmissiondo not fill available capacity.
A bidder could offer a very low price and still win capacity. Since the capacity will be
ratebased, if there is insufficient demand, costs will be recovered from ratepayers.The second
issue may be very problematic for IPPs thatare successful in bidding for transmissioncapacity,
but fail to obtain a contract for sale of their generation. The IPP may then be left with
transmission capacity it does not need. The proposed secondary markets for capacity may
alleviate this problem.

Under the original proposal the presence of informationasymmetries between Duquesne/GPU
and the PennsylvaniaPUC concerning the risk of unsoldtransmission capacity, raises questions

" about manipulative behavior. Clearly, the constraints on the regulated and unregulated
operations of the fine would be different. If Duquesneand GPU know they can profitably sell
the excess capacity at market rates, then they would maximize profits by spinning off the excess
capacity to an unregulatedventure. If they know that there are significant ris_ in marketing
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Table 4-4
Annual Revenues for 500 MW of Trmmnission Service

Duration_/hours/yr

1000 300O 5000 8000
i

Price2/(mi]ls/kVv'h) Annual Revenue/MS

2 1.0 3.0 5.0 8.0

5 2.5 7.5 12.5 20.0

7 3.5 10.5 17.5 28.0

Nofe$-

8760 hours is one year.
2 The rangeof transmission prices charged to the Sacramento Municipal Utility District by Pacific Gas & Electric

during the experimental phase of the Western Systems Power Pool was 2--7 miUs/kWh (Schori 1991)
m,,, ..,,

the capacity, they would want to ratebase the line to assure returnsthatare more independent
of utilization. However, the PennsylvaniaPUC maynot haveadequateinformationto accurately
assess the riskiness of the potential transmissioninvestments.

Amelioratingthis concernis the observationthatbecauseof thecost allocation, any overbuilding
in the unregulated part of the project will contribute benefits to the regulated parts through
shared economies of scale, To the extent that the unregulatedpart of the transmissionproject
is trulya shareholder responsibility, while ratepayers get some of the economies of scale, it may
not be appropriate for the regulatory apparatusto review the size of the excess capacity.
Because of the novelty of the original arrangement, it is important that the contractual
arrangementsavoid any possibility of ratepayerfiabilityfor losses on the unregulatedpartof the
line. Furthermore,the owners shouldbe prevented from shifting sales of transmissioncapacity
between the unregulated and regulated parts. The ratebasing solution adopted by the
Pennsylvania PUC makes these concerns moot. Consumers bear the marketing risk under
rate.basing, and get the opportunityto earn excess revenues.

The revenues from the transmissionare unlikely to be excessive as the following calculation
indicates. Table 4-4 shows the annualrevenues for various transmissionprices and durations.
The range of prices is taken from comments in (Schori 1991) concerning market-based
transmissionprices in the Western SystemsPower Pool, to be discussed in Section 5.2. Suppose
Duquesne can sell 500 MW of transmission service for 8000 hours per year at 5 mills/kWh.
The revenuewould be 20 MS, whichis approximatelyadequate to cover the 117 M$ capitalcost
of its share of the line.

There is an environmental concern about the emissions of the ageing, but rehabilitated,
Duquesne plants; however, the line itself is planned to minimize direct environmental impacts.
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As supportingjustification for the line, Duquesneis claiming thepositive externalities of indirect
jobs created by the line construction.

4.$.3 Summary

The significant institutional issues are the asymmetric constraints on ratebased and unregulated
. parts of the project and the information asymmetry over the potential profitability of the

transmissioninvestment. The technological issues are networkandradialreinforcement,positive
externalities due to transmission construction, negative externalities due to parallel flows,
synergies between the line and existing generation, and economies of scale coupled to an
uncertainpotentialmarket. Since thereare informationasymmetriesconcerningthe profitability
of the project, the optimality of the size of the project is open to question; however, as we have
remarked, if the risk of over-buildingis borne by Duquesne shareholdersand not ratepayers,
thenthis uncertaintyshouldnot necessarily be of great concern. The auction arrangementsare
designed to encourage allocation of capacity to transmission customers with the highest bid
value; that is, to optimize ex ante efficiency. A secondary market would optimize ex post
efficiency.

4.6 Consumers Power Company-PSI Line

4.6.1 Background

Consumers Power Company (CP) and PSI Energy, Inc. (PSI, formerlyPublic Service Company
of Indiana, Inc.) areproposing to interconnecttheir systems at 345 kV through a125 mile line
from the Battle Creek Substationin Michigan to the Beaver Dam Switching Station in Indiana.
According to CP, the main benefits of the line are due to economy energy purchases from PSI
and reinforcementof the 138 kV system in South-CentralMichigan. A schematic map of the
proposed line is shown in Figure 4-5.

Each u_it), is planning to buildthe partof the line that is in its service territory. CP's partof
the line, approximately60 miles long, will provide approximately500 MW of interconnection
capacity to the system at a cost of 79 MS (in 19945), including the cost of a new substationat
Branchin South-CentralMichigan (Johnson 1992). The initial proposal is for a single-circuit
line built on towers that can supporta second circuit. The double-circuitconstructioncosts are
about 13 M$ more than single-circuitconstruction(Johnson 1992).

j.

The Branchsubstationwill accommodatephase-shifting transformersand a 345 kV to 138 kV
step-down transformerand 138 kV constructionto supply local load in the Branch area. The

. transformersand circuit-breakers at the Branch substation will cost approximately27 MS, with
about 5 M$ of that for the 345 kV to 138 kV transformerand 138 kV construction and the rest

for the phase-shifting transformers. The capacity of the line (cf. Examples 6 and 7 in Chapter
2) is limited by the rating of the phase-shifting transformers, which are necessitated by phase-
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angle differences between
the Michigan and Indiana
systems. Lake Michigan

The CP-PSI line has
become entangled with
other CP activities. In
1968, CP began planning
the Midland nuclearpower
station, located in Midland
County, Michigan. The
original design included M i C h i g a n
supply of waste steam to
the adjacentfacilities of the
Dow Chemical Company
(Dow). However, by the

early 1980's, financing F-]
problemscaused CP to halt Jackson
construction. As of July
1984, $4 billion had been Beavel
spent in bringing the plant Da_
to 85% completion. D |

, Fort

Subsequently, CP decided Wayne Ohio
to convert the Midland

Station into a naturalgas-
fired combined cycle Indianapolis
facility, the Midland
Cogeneration Venture

(MCV). The design I |featureof supplying steam n dian a
to Dow was kept, allowing

the new facility to be a _/-- m /_-"qualifying facility (QF) o_:,om,muco_
under PURPA. ¢ _ c'_ sou,m:e,m_tk,naeofcp(lssou)
Approximately$1.5 billion
of assets, including the two

steam turbine generators, Figure 4-5
pi pi ng, b ui Id i ng s, Schematic Map of CP-PSI Line
transmission tower, and
control room were useful

in the new facility; however, $2.2 billion of nuclearequipmentwas unusableand abandoned.
The cost of the abandonedequipment was written down by CP 0VICVLP1991).
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The MCV is partlyowned by a subsidiaryof CP's parentcompany, CMS Energy. MCV began
generation in 1990 and has contracts for sales of energy and capacity to CP under its Power
Purchase Agreement (PPA); however, the contracts are subject to judicial and administrative
rulings at the Michigan Public Service Commission (MPSC) involving the business relationship
of MCV and CP (MCVLP 1991).

, There is some question of WhetherMCV will be able to sell its full capacity of approximately
1400 MW to CP, since the MPSC ordered in 1989 that CP could not purchase more than
870 MW of capacity from projects of any single fuel type (MCVLP 1991). CP has contracts

. for 30 MW of capacity from anothergas-fired facility, allowing 840 MW to be purchasedfrom
the MCV. The MPSC orderswere appealedand are subjectto ongoing dispute. However, CP
is contractuallyobliged to pay for the capacity over a 35 year period: if CP cannot purchaseor
resell the MCV power, then "Consumerscould incur estimated after-tax losses related to this
issue of up to $13 million in 1992, $35 million in 1993, $55 million in 1994 and $76 million
per year beginning in 1995 over the PPA's remaining35 year term" (CP 1992b). The total
losses are far in excess of the cost of the CP-PSIline itself.

MCV has approachedCP for estimates of the cost of transmission service to deliver power to
PSI's service territory to facilitate MCV participationin PSI's non-utility resource bidding
program. CP responded with estimates of transmissioncosts for incremental facilities needed
to support sales of MCV capacity and energy to PSI. The cost estimates were based on the
assumption that the CP-PSI line is already in place and include the possibility that MCV may
be simultaneously wheeling over the line to PSI while CP is purchasingpower from PSI (CP
1990a).

In additionto MCV, other alternativeresourceshave been considered in this case. One of these
was anoffer from an association of MUNIs (MPPA, 1991). CP called into question the validity
of this offer (CP 1992c). Wheeling arrangementsfor the delivery of economy energy were also
examined.

4.6.2 Significant Issues

The line illustrates two types of economies of scope of transmissionoperation:

1. the tapping of the line at Branch to support the local 138 kV system as well as the
line being a bulk transmissionpath from CP to PSI, and

- 2. the potential for wheeling MCV power over the CP-PSI line to PSI while CP is
simultaneously buying power from PSI over the same line.

" We will discuss these economies of scope in the following paragraphs.

CP argues that the line is justified on the joint basis of the need for construction to Branchto
support the 138 kV system and the benefits of economy energy purchases from PSI.
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Construction at Branch would have been eventually required even without the CP-PSI line
because of voltage problems in the area. However, for the scenarios analyzed in most depth in
CP's Applicationto the MPSC (scenariosB1R, B2R, and B3R in (Osborn 1992)), the complete
project is only marginally financially viable even including 25 MS of benefits due to economies
of scope in supportingthe 138 kV system at Branch.

Like the DPV2 case, there was substantialdisputeabout the dataused in the economic analysis.
Several new economic issues emerged duringthe litigation (costs of Clean Air Act compliance
and potential cost settlements to account for parallel flows on the interstate transmission
network).These issues were not incorporatedinto the economic analysis. Both the MPSC staff
and CP asserted that their differingpositions were consistent with the last IRt'. Yet each party
found some reason to either updateor deviate from it in their analysis.

The opponents of the CP-PSI line argue that the real purpose of the line is to support MCV
(Shaffer et al. 1992). Since potential MCV transactionsare North-to-South,while CP argues
that the main purpose of the connection to PSI is for South-to-Northeconomy purchases, it is
reasonableto think of potential MCV transactionsas counterflowwheeling. In Section 5.4 we
will see a case where tariffs for counter-flow wheeling service include charges for losses and
capacity, even though counter-flow wheeling reduces losses and loading. This seems to be the
usual practice in the provision of transmissionservices.

The line is the most expensive, on a dollar per kilowatt-mile basis, of the lines we have
examined. Even excluding the cost of the phase-shifters;the 345 kV to 138 kV transformer;the
138 kV construction; and, the cost difference between single-circuit and double-circuit
construction, the line costs 1.24 $/(kW. mile). CP has argued that there are intangible benefits
of the line, particularlythe increasedcompetitive pressure that it will create. The MPSC staff
has shown skepticism about these 0VIPSC,1992).

Finally, while the CP-PSIline is physically a single transmissionline, the partsof it in Michigan
and Indiana are being certified separately by the Michigan and Indiana PUCs, respectively.
There is apparentlyno cooperation between the Michigan and Indiana Commissions to ensure
that the assumptions presented to each are consistent. For example, the most favorable
economic scenariospresentedby CP for the CP-PSIline dependon the availability of particular
capacity contracts from PSI (FS-1 capacity); however, there is no independent documentation
from PSI or the IndianaCommission presentedin the CP Application that such capacity will be
available. As in California, there do not seem to be any clear standardsfor assessing the
benefits of a line.
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4.6.3 Summary

The significant institutional issues are: the asymmetricconstraintson CP and the MCV, which
may motivate the constructionof a line to allow the MCV to sell its output; potential state versus
regional conflicts, since the line spansfrom one state to anotheryet is being analyzed in a piece-
meal fashion; pecuniaryand real benefits, since the line may have been proposed essentially to
transfercost responsibilities; and, standardsin the assessment of need for a transmissionline.it

The main technological issues are: the negative network externalities that necessitate phase-
. shifters to enhance transfer capacity, and economies of scope in transmissionoperation. The

optimality of the project is at question, both operationally and planning.

4.7 Synopsis

The DPV2, COTP, and K-V case studies reveal that the technical complexity of evaluating the
benefits of the lines overwhelms the regulatoryprocess. In DPV2, the changing economics of
the project presentedat the CPUC cast doubts on the transmissionplanning methodology useds
by its proponent. In COTP, an economic benefit analysis is used by the IOUs to justify
participation in the project, while the more fundamentalreasons may be competition between
transmissionowners and transmissiondependentutilities. In K-V, the allocation of costs turns
on ill-defined assessments of system benefits. Collectively, it is apparent that the regulatory
apparatusis unable to perform adequate technical evaluation.

While it might be hoped that each of these three proposals is based on a careful cost/benefit
analysis of alternatives by its proposer, it seems more likely that the analyses presented to the
CPUC are justifications for the projectsdeveloped after the respectiveutilities decided to become
involved. This is particularly obvious in the DPV2 case. Economic and technicaljustifications
are advanced for projects that owe their existence more to institutional and political motives,
with technical complexity obscuring the institutional motives. This is apparent in the CP-PSI
line.

A subsidiary issue is that time and resources are wasted on discussing and refuting ad hoc
studies. Standardizeddefinitions of benefits and uniformsoftware tools would makesuch studies
muctl more straightforward. The joint study conducted for DPV2 is an importantstep in this
direction.

" The COTP indicates that the piecemeal jurisdiction of State regulation is unable to effectively
regulate large regionalprojects; however, neither has the FERCbeen able to encourageregional
views of transmissionexpansion. Recently, two Bills, Tauzin (1991) and Markey (1991), havea,

been introduced in the House of Representatives to increase transmission access. These Bills
may increase the power of the FERC in transmission(Morris and Dozier 1991).
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The fourth case study, the DL/GPU joint venture, is an example of a project that serves both
a _ific need, but to take advantage of economies of scale, it is overbuilt relative to minimum
requirements. One thirdof its capacity will not be rate.based. Although the Pennsylvania PUC
should be concerned with the ratebased part of the project, the shifting of risk from ratepayers
to shareholders represents a strong commitment on Duquesne's part to the viability of the
project.
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Table 4-5
Case Studies and Issues

D C K D C
P OT - G PP

Category Issue Features V V P
ii iiii iii ii i'iii "

Competition Wheeling Access for TDUs X X
" (transmission dependent utilities)

Independent Power X

Asymmetric Constraints X X X

Institutional Regulation State and Regional Conflicts X X

Pecuniary venus Real Benefits X X X

Information Asymmetries X X X

Standards X X X X

Line Radial X X X X

Characteristics Network X X X

Technology Network Negative X X X X

Positive X X X

Externalities Synergies X X
iiii 1 i --

Economies Intertemporal Allocation X X

Structure of Growth Uncertainties X X
, __ , =,

Scale Unsustainability X

Economies of Scope X X X
"" iii i ii

Decision- Feasibility Operations X X X X
lH

Making versus Planning X X X X X

Complexity Optimality Operations and Planning X X X

,_ey: DPV Devers-Palo Verde 2
COT California-Oregon Transmission Project
K-V Kramer-Victor Upgrades
DGP Duquesne Light/GPU Joint Venture
CPP Consumers Power-PSI Line

-- -- iii Ill II iiii --
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On the other hand, the last case study, the CP-PSILine, is particularlytroublingsince a line is
potentiallybeing built to circumventa MPSCruling. Furthermore,if CP is successful, then the
ratepayersof Michiganwill pay for the line.

The case studies and issues are summarizedin Table 4-5. The detailof treatmentof issues for
certification of lines should be compared to the limited detail considered in the Integrated
Resource Plans discussed in Chapter3. Several institutionalissues such as competitionand the
need for standardsare prominentin most of the case studies, but are not necessarily being
addressed in the regulatory process. Technological issues such as economies of scale of
constructionand externalities due to parallel flow are also common to most of the studies.

While we do notnecessarily believe thatthese projectsare typicalof constructionprojects in the
United Statesas a whole, the fact that they representover a billion dollars in investment suggests
that the issues they raise should be treated coherently in transmission planning and access
proposals, and considered in the design of standards. In the next chapter, we will investigate
whether or not currentproposals "addressthese issues.
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Chapter 5

Survey of Selected Transmission Policies at the Utility,
State, and Federal Levels

5.1 Overview

In this chapter we examine a number of transmission policies that provide guidance oni

improvingthe regulatorytreatmentof the transmissionissues developed in the previous chapters.
The goal of this chapteris to examineadopted or proposed mechanisms that address regulatory
problemsin some unique fashion. Ourchoices are eclectic and not comprehensive, but they are
designed to outline the scope of possible options. We first briefly review four utility proposals
and frameworks:

1. the VermontElectric TransmissionCompany;
2. the Western Systems Power Pool Experiment;
3. the Large Public Power Council Proposal; and,
4. Pacific Gas & Electric's Multi-AttributeBidding framework.

The first and second have been implemented in Vermont and across 22 Western States,
respectively, while the third and fourthare still underdiscussion. Many of the issues in the last
three proposals are under negotiation or subject to change. Any criticism we have of them,
therefore, should be viewed in that context and not taken as reasons to reject the proposals
outright.

At the state level, we review in Section 5.3:

1. the Public Service Commission of Wisconsin 'Advance Plan' (WAP) process, and,
2. the California Public Utility Commission's (CPUC's) Rules for Access to Computer

Models.

The WAP process has been in force in Wisconsin since 1975 and will be reviewed in greater
depth than the utility proposals and the CPUC Access Rules.

Finally, in Section 5.4, we consider the following Federally adjudicatedcases:

1. PG&E's StanislausCommitments;
2. Toledo Edison and Cleveland Electric nuclearplant license conditions; and,

• 3. Utah Power and Light-PacifiCorpMerger Implementation.

While these three cases are notgeneric proposals, they representpotential directions for Federal
policy.
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Although the utility proposals and frameworks,State legislation, and Federal cases may seem
to be disparate areas for study, the division of authority between the State and Federal
government necessitates complementaryaction at the State and Federal level to mesh with the
institutionalarrangementsof utilities (Stalon 19916). For this reason, we bring these initiatives
together in this chapter.

In the last subsectionof each study we will summarizethe main issues treatedcoherently by the
initiative. Then, in Section 5.5, we tabulate the summaries and discuss Me potential for
complementary combinations of cases to simultaneously address ali of the issues raised in
Chapter2.

5.2 Utility Proposals and Frameworks

5.2.1 The Vermont Electric Transmission Company (VELCO) Description

VELCOwas formed in the mid-1950s when utilities in Vermonthad the opportunityto acquire
contracts for power from United States Government financed hydroelectric projects in the
St. Lawrence Seaway (VELCO 1989). Access to this power necessitated coordinated
transmission construction. In 1956, an IOU, Central Vermont Public Service Corporation,
proposed the formation of VELCO to construct, finance, own, and operate new transmission
facilities. Subsequently,other Vermontutilities joined in sponsorshipand VELCO was formed
in 1956, owned at its inception by (VELCO 1957):

• ,t Cooperatives;
• 15 Municipal Utilities; and,
• 14 Investor-Owned Utilities.

VELCO obtainedownership of the bulk transmissionsystem in Vermont and took responsibility
for transmission planning. Its function is: "to contract for the purchase oL..energy and its
resale, on a non-profit basis, without preference or discrimination to electric distribution
companies, cooperative, municipal, and privately owned, for distribution within the
state" (VELCO 1957). VELCO has undertaken long-term transmission planning, with
considerationgiven to multiplepower supply scenarios and ranges of estimated growth rates,
and multiple transmission, transformer, and capacitor expansion alternatives (VELCO 1987).
Because VELCO is not owned by any individualutility, and is not run to profit from transmis-
sion services, the strategic aspects of informationasymmetry are defused since there is no
incentive to conce_ or misrepresenttransmission system data.

Under the VEI_O agreements, transmission services can be reassigned (VELCO 1981), and
disagreements are to be submittedto binding arbitration. These arrangement_have been in
place for more than thirty years and have successfully coordinated the transmission needs of
IOUs, MUNIs, and Cooperatives in Vermont. While the amount of transmission owned by
VEI_O---less than 500 miles of line--is small, the longevity of VELCO indicates that the
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institutional issues of multiple ownership can be handled within a conventional company
structure.

Summary

The institutionalissue of wheeling access has been treatedcoherentlyby VELCO, and the single
transmissioncompany treats ali utilities in Vermont symmetrically, considering real benefits of
transmissionaccess. By havingonly one transmissioncompany to deal with, transmissionaccess

. has been standardized;however, state and regional conflicts are not addressedexplicitly. The
company arrangement defuses the problem of information asymmetries. By performing
statewide planning, the technology structure issues of radialand networkexpansion, intra-state
externalities, and economies of scale and scope are treated coherently. Long-rangeplanning is
addressed. The potential for unsustainabilityis avoided by having only one authority to
undertaketransmissionconstruction.

5.2.2 Western Systems Power Pool (WSPP)

Description

The WSPP began in 1987 with 15 members, and has grown to 38 members in 22 States and 1
CanadianProvince (Gross 1991). Its operation between 1987 and mid-1991 was as a FERC-
approved experiment in flexible pricing. Utilities participatedin coordinationsales to improve
economic efficiency at prices decided between participants,but subjectto FERC ceilings. Each
transactionis voluntary. It is unlike traditionalpower pools in that there are no provisions to
increase reliability, no centraleconomic dispatch, no centralizedplanning, and no guaranteesof
transmission access (FERC 1991a). Wheeling services and energy can be bought and sold
between participantsand, as weil, energy exchanges can take place; that is, power is exported
from one utility to another at one time and is 'paidback' at some other time, based on an agreed
rate of exchange.

In 1991, the WSPP becamepermanent, with FERCimposing lower ceilings on prices than were
in force during the experiment (FERC 1991a). Currently, there is considerable controversy
about whetheror not the WSPP will continueand we will not discuss many importantprovisions
that have been mooted by the FERC decision.1_ Our analysis will therefore be deliberately
incomplete and instead we will concentrate on three particular aspects of the WSPP that have

. universal applicability:

1. efficiency improvements through trade;
..

_ Inparticular,wewillnotdiscussin detailthelong-termaccessprovisionsthatwerein AppendixCof the
January2, 1991filingforpermanentcontinuationof theWSPPagreement(WSPP1991).
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2. the balance of short-and long-term issues; and,
3. standards.

One aspect of the WSPP proposed agreement, binding arbitration,is also a cornerstoneof the
Large Public Power Council proposal and will be discussed in Subsection 5.2.3.

First, consider the efficiency aspects of voluntary transactionsat flexible prices. Since every b

such transactionis enteredinto voluntarilyat mutuallyagreed prices, it is essentially tautological
to observe that operational efficiency is improved, assuming that only negligible negative
externalities are imposed on third parties.

A more subtle question is whether every potentially efficiency improving transactionactually
takes place. This questionis more difficult to answer because it is counterfactual. However,
certaintransmission-dependentutilities, such as the SacramentoMunicipalUtility District, argue
thatpricingof transmissionservices underthe WSPP has precluded"access to power alternatives
which were otherwise availableandeconomical" (Schori 1991). In setting the permanentWSPP
arrangements,the FERChas apparentlytried to ensureaccess by imposing ceilings on theprices
of wheeling and energy sales transactionsand a ceiling on the ratio for energy exchanges;
however, the WSPP argues that this will simply stop transmissionservice from being offered,
not reduce its price (Gross 1991).

A different approachto ensuringaccess is to foster long-termcompetition in transmissionsupply
by allowing participation and ownership in transmission with resale rights at market-based
prices. Provisions along these lines, including cost-based long-term access and a secondary
transmission market, were part of the filing for the permanent WSPP (WSPP 1991), but were
deemed inadequate by FERCand subsequentlydeletedfrom the WSPP agreementby WSPP and
some member utilities (FERC 1991b). The member utilities of WSPP are not apparently
preparedto undertakelong-term constructionunless they can set short-term transmissionprices
at marketrates. This course of events illustratesthat there is a balance between short-andlong-
term access to existing transmissionand long-term construction,but shows that solutions can be
difficult to find. The January2, 1991 filing of the WSPP proposal explicitly considered the
trade-off between these issues.

The third issue is the standardizationof transmissiontransactionsthat is afforded by the WSPP
agreement. An uniform umbrellacontractwas cited by system operators as important in 90%
of the traded volume attributedto WSPP transactionsduring a two year test period (FERC
1991a). Informationis exchanged through an electronic bulletin boardat the 'hub' that acts as
an 'information clearinghouse' (Gross 1991), with sellers posting offers to sell, and buyers
posting offers to buy.

Although transmissionavailabilitywas importantfor manyWSPP transactions, two-thirds of the
tradedidnot involve wheeling. The WSPP's most importantcontributionto increasedtrade may
be through standardizationof contractualand communicationprocedures. For example, the
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FERC Staff assessment attributes most of the trade gains to the umbrella contract and to the
'hub' arrangement (FERC 1991a).

Summary

As noted above, we have omitted analysis of many aspects of the WSPP in this very brief
discussion because the agreement is subject to ongoing litigation and changes. Two issues that
appear to be important are the interplay of operations and planning, and standardization. The
balance of short-termaccess at flexible prices and long-term access at cost-based prices in the
WSPP January 2 filing was an attempt to reconcile these operational and planning issues.
Perhapsmore significantly, the use of an umbreUacontract and uniformcommunication indicates
the importance of the institutional issue of standardization.

5.2.3 Large Public Power Council (LPPC)

Descriotion

There arecurrently several transmissionproposals advocated by interestgroups such as MUNIs.
They are discussed and evaluated in the Transmission Task Force Report (FERC 1989). One
of these proposals, by the Large Public Power Council (LPPC), which consists of seventeen of
the largest public utilities in the United States, advocates the formation of an 'Association for
Transmission Service' (LPPC 1990). LPPC proposes "a voluntary system for increased aczess
supported by a member commitment to binding arbitration" (Schori 1991). The principles of
the Association would be implemented contractually, with members obligated to maintain
membership for some minimum period after any unfavorable decision.

Advocacy of binding arbitrationis unusual in industry proposals and has the advantage of
decreasingthe role of litigation at State PUCs and FERC. In exchange for decreased control
overtransmission, transmissionownerswould obtain the advantages of more flexible pricingand
arbitrationby technical experts. As noted above, similar arbitrationarrangementswere part of
the VELCO arrangementsand the WSPP filing (WSPP 1991).

Two major purposes of the proposed Association are:

1. the development of "common principles for determining...excess transmission
capacity" (LPPC 1990), and,

2. dissemination of general information to facilitate analysis of transmissionissues.

" These purposes would significantly help standardization of transmission analysis. The
Association would require "members to make their excess transmissionavailable for firm and
non-firm wheeling" (LPPC 1990), while encouragingjoint ownership of transmission facilities
to facilitate multi-partyaccess.
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The proposedarbitrationprocess allows the issues to be discussed; however, it is not clear that
this setting would solve the problems of informationasymmetry, except tO the extent that the
greater publicly disclosed 'general information' would force utility positions to be at least
internally consistent. It is unlikely that transmission owners will be willing to disclose their
'excess capacity,' particularlygiven their pecuniaryinterest in limiting transmission access, so
that the inevitableinformation asymmetries may make these purposes difficult to achieve. The
proposal is commendable, however, in focusing on the issue of excess capacity.

LPPC advocates competitive pricingwhere a transmissionmarketexists, and cost-based pricing
otherwise (LPPC 1990). However, a competitive transmissionmarketseems improbablewithout
joint ownership or a secondary transmission services market, so that in the short term, the
promise of 'competitive pricing' may be an empty slogan. For example, the Sacramento
MunicipalUtility District's interpretationof LPPC's pricing proposal is thatpurch_ing utilities
would pay embedded costs plus reinforcement costs (Schori 1991). Nevertheless, the
Association would provide "a forum and mechanism to resolve parallel flow issues" (LPPC
1990), therefore addressingnetworkexternalities. It also encourages economic efficiency.

Summary

The LPPC proposal addresses the institutional issue of information asymmetries through an
arbitration process and encourages the adoption of standards for the calculation of excess
capacity. Arbitrationmay also reduce some of the costs of rent-seeking activities by parties
competing for transmission access. As regards technological issues, with the exception of
negative externalities of parallelflow, the proposal only indirectly addresses them to the extent
that the 'technical experts' and protagonists choose to raise them during arbitration.

5.2.4 Pacific Gas and Electric's Multi-AttributeBidding Framework

Description

Pacific Gas and Electric (PG&E)has designeda frameworkfor evaluating the costs and benefits
of bids submitted to a vertically-integrated utility-sponsored auction for generation resource
acquisition (ShirmohammadiandThomas 1991). The frameworkincorporates the technological
characteristics of proposed generation projects and considers the cost of transmission access.
The goal of this integrated resource acquisition framework is to ensure that winners of the
auction comprise elements of a least-cost constructionplan for the utility.

Bidders are provided with a set of geographically and temporally disaggregated prices that
represent estimates of the marginal costs and benefits of generation by independent power
producersateach busin the PG&Esystem, includingcomponents for transmissioncost estimates
calculatedusing the LOCATIONprogram(see Section 6.4). Makingsuch informationavailable
allows biddersto tailortheirbids to utility needs. The frameworkis 'transparent'in thatbidders
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are appraisedof the utility decision-making process before making a bid and are provided with
estimates of transmission and other costs calculated for each bus.

The LOCATION program estimates the transmission costs to support incremental generation
additions through a sensitivity analysis of the solution to an 'optimal power flow' (OPF)
performed on a 'base-case' system. As we will discuss in Section 6.4, all line expansions are
treated as radial.

Winners of the auction are paid their bid price for generation, while all necessary transmission
expansion past the point of generator inter-connection is to be undertakenand paid for by
PG&E. PG&E is therefore proposing to 'internalize' the costs and benefits of transmission as
far as possible, including the economies of scale in construction. To the extent that the utility
is motivated to maximize efficiency, the utility will also be motivated to make the correct
transmission decisions. The bidding p_s allows the utility to select the most economic
generation based on:

1. the net benefits of the chosen supply bids, minus,
2. the total system transmission reinforcementcosts required for interconnection as

estimated by LOCATION.

PG&E plans to standby the transmissioncost estimates provided in the bidding informationup
to a pre-announcedlimit on additional generation at each sub-station (PG&E 1991b). While
bidders might question whether the transmission cost estimates are reasonable, in the absence
of collusion there is no incentive for the utility to misrepresentthe true costs of transmission
since the utility itself pays for transmissionupgradesnecessary for expansion. In other words,
the issue of information asymmetry between utility and bidder is defused by the bidding
framework. This is in strongcontrast to the case where transmissioncosts are litigated alter the
signing of contracts, as in Kramer-Victor, where the utility stands to gain by strategic
misrepresentationof costs and benefits.

Even if strategic issues are defused, however, economies of scale pose a problem for any
incremental approach. Recall that in Kramer-Victor, economies of scale of transmission
construction made the connection costs of Luz and Cal Energy cheaper than the sum of radial
connection costs. Although PG&Eplans to undertakedetailed transmissionplanning once the
winning bids are known, this will not be reflected in the bidding scheme, and the timing of
utility auctions may make it difficult to plan to take advantage of economies of scale. We
discuss this in Appendix A.5.

While the incremental frameworkleads to suboptimalestimates of transmission expansion costs,
the authors argue that: "[i]n practice, however, this sub-optimality impact is mitigated by the

- sizeof anticipatedcapacityadditionsrelativeto the largesizeof Californiautility
systems"(Staschusetal.1991a).Smallgenerationprojectswouldfallintothiscategory.The
transmissionbenefitsofdemand-sidemanagementprojectscouldalsobeaccuratelyestimated.
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Although bids in PG&E auctions may be geographicallydispersed throughout its service region
in California, the Kramer-Victorcase shows that in the neighboring Southern California Edison
(SCE) system independent producers can provide a locally very large increment to the system
that necessitates the construction of a major transmission line. The potential for such additions
on systems such as SCE's may limit the applicability of PG&E's framework.

Even if each addition is relatively small, planningmore than a few years into the futurepresents
problems in the definition of the base-case for the OPF since the base-case is used to estimate
the incremental cost of transmission in the future system. The base-case must be based on
either:

1. currentgeneration, transmission, and demand conditions, or,
2. estimates of future conditions.

With the first approach, the sensitivity analysis will not necessarily reflect future sensitivities.
The second approachassumes some of the parameters that are being derivedfrom the sensitivity
analysis. For example, with the second approach, the base-case may include some generic
futuregeneration and transmission proxy to satisfy future demand conditions. Different choices
of proxy expansion may produce very different winners in the bidding process. Suppose that
the base-case transmissionproxy has ample transmissionfor potential suppliers North of PG&E,
but is constrained to the South. Then bidders in the South will face higher transmission costs,
even though the transmission proxy is not a sunk cost at the time of the bids. Since the goal is
an optimal investment plan, the reliance on assumptions about future generation and transmis-
sion, as required by the OPF, is questionable.

In contrast, if existing generation and transmission can support the solution of the OPF for a
future demand scenario, then the framework may prove very successful. In particular, if a
regional transmission system has ample capacity, then the framework provides a good way to
evaluate the optimal mix of generation capacity additions. The framework could even be used
for wheeling transactions, although it is not intended for this purpose, PG&E argues, because
of risk allocation issues (PG&E 1991b).

For the existing transmission to support future generation additions, we must posit that the
transmission system is continually overbuilt, somewhat independently of the guidance given by
the LOCATION program itself. Given the lumpiness and economies of scale of transmission,
this may not yield a significantly worse transmission plan than with central planning under
complete prior knowledge of bidders' characteristics: the advantages of a transparent bidding
scheme would then strongly favor the PG&E framework.
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Summary

PG&E's bidding framework treats many institutional issues coherently. It treats access to
Wansmissionby independentpower producers,butdoes not currentlyincorporatewheeling. The
transparentbidding process is muchfairer to biddersthan a process thatallocates transmission
costs after contracts are signed, because information asymmetriesover transmission cannot be
used to discriminate against independent power. The framework is a logical approach toI

standardizingresource acquisition and evaluating the real costs and benefits of independent
power, including the effects on transmission.

,f

Technological issues, such as economies of scope and externalities of operation are treated
coherently, but economies of scale and network expansion cannot be treated because of the
incrementalframework. Ali expansion is treatedas radial so that true network planning is not
performed. By internalizing the cost of transmissionin the biddingprocess, PG&E can evaluate
the true benefits and costs of generation and optimize the mix of generation and transmission
additions.

5.3 State Legislation

5.3.1 WisconsinAdvance Plan (WAP)

Description

The State of Wisconsin has regulatedutilities since 1907 and is relatively unusual amongst US
States in that it regulates MUNIs and has planning authority over cooperatives (Munts 1991).
It was the first State, in 1975, to mandatelong range utility planning, establishing the 'Advance
Plan' process to: "inform the PublicService Commission of Wisconsin (PSCW)and the general
public of state electric utilities' plans to meet their customers' energy needs" (PSCW 1991a).
New long-range plans are developed approximately every three years. Although the first plans
focussed on supply-side problems, they have evolved into an integrated planning process that
includes demand-side managementand transmissionplanning (Munts 1991).

The PSCW intends that the Wisconsin and surrounding electrical transmission systems be
investigated in Advance Plans "on a single-system basis with the objective of identifying
problems and solutions, irrespective of transmission system facilities' ownership" (PSCW
1991a), recognizing the "impacts on parties not directly involved in [transmission]
transactions" (PSCW 1991a).

. The PSCW also intends that transmissionplanning be based on a 15-year planning horizon
considering "the costs of alternatives, using consistent facility costs and including consideration
of losses" (PSCW 1991a), with routes and alternatives madepublic well in advance of final deci-
sions. This long-range planningis intended to include "examining the effect of higher and lower
growth rates than the assumed growth rate" (PSCW 1991a).
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The AdvancePlan process encourages a uniform objective with the considerationof real instead
of pecuniary benefits, considers networkexternalities, the effect of growth uncertainties, and
requiressome attemptat optimizing a long term-plan for transmission. In Advance Plan 3 and
AdvancePlan 4 the PSCW orderedthe utilities to follow a specified set of transmissionplanning
criteriato ensurethat there is adequatesubstantiationof the transmissionplans (Amy and Dasho
1988). These criterialay out an informationbased approachthat "allowsinputby PSCW staffand
intervenors.

Transmissionowning utilities in Wisconsin were orderedin Advance Plan 5 (APS) to:
t,

• adhere to twenty principles of joint use and cost sharingin developing joint use and
cost sharingtransmissionagreementswith each utility, and,

• file wheeling tariffs with FERC (PSCW 1991a).

Subsequently,ali the Wisconsin IOUs submittedtransmissionservice rate schedules to FERC,
with varying levels of disagreementover conditionsand prices of transmissionservice. Several
Wisconsin utilities, including NorthernStates Power (NSP), Wisconsin Electric Power (WEP),
Wisconsin Power and Light (WPL), Wisconsin Public Service (WPS), and Dairyland Power
Cooperative(DPC), have challenged the Public Service Commission of Wisconsin's (PSCW's)
joint use and cost sharingprinciplesin state court (PSCW 1991a). Ali but one of the tariffs were
accepted by settlements. The NSP tariffcase proceeded to trial and is still under consideration
by the FERC. The WPL andMadison GasandElectric (MGE) tariffsare particularlyinteresting
models because they are streamlinedand easy to use (Amy and James 1991).

In the most recent Advance Plan, number 6 (AP6), the utilities were required to jointly plan
their generation, transmission, and demand-sideoptions. Although the PSCW issues papers to
promote discussion on particularquestions such as externalities (PSCW 1991b), the Plan does
not specify in detail the methods of planning. Instead, the individual utilities are expected to
agree amongst themselves on externality methodologies. The joint plans are then subject to
review by the PSCW. The PSCW relies on the discipline of the competinginterests of utilities
and staff review to validate analysis.

In transmission,geographically adjacentutilities cooperated in planningtransmissionexpansion
while the Wisconsin state-wide transmissionlimits on East-West transferwerejointly examined
in an 'interface study' (PSCW 1991a). In addition, a 'bulletin board' was established so that
utilities could exchange information about generation and demand-sideoptions. We will first
describe the bulletin board, which does not currentlyexplicitly consider transmission, and then
discuss the interface study, which integrates transmission, supply, and demandoptions.

The bulletin board process begins with a forecast of demand. Individual utilities develop
demand-side and generation plans, selecting the most economic resources from a range of
options. Options that are not includedin individualutility resource plans are then posted on the
bulletinboardand information on individualutility needs for base load resources is also shared.
"The utilities then negotiate to determine the Bulletin Boardoptions to include in the AP6 Joint
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Plan" (PSCW 1991a), including demand-sideoptions and short-termexchanges. The effects of
this coordinationon baseload supply additionsand demand forecasts are then incorporatedinto
the Joint Plan.

As it standscurrently,the bulletinboardprocess explicitly assumes "that adequatetransmission
facilities will exist to enable parties to share resources" (PSCW 1991a), so that transmission
planning is not integratedwith generationand demand-side planning. If transmissionconstraints=

are not binding, then this is an adequate approach,particularly for demand-side options. Any
transmissionconstraintsidentified would be addressed in the transmissionplan development.

u

Transmission is constrained ..... - ....
between the East and West of o_,_:seh_o_._,_._.)
Wisconsin. The 'interface Arrowhead

study' (PSCW 1991a) is a
response to these constraints that
applies the Advanced Plan
principles of long-term integrated
planning. As part of the study, Ch

the Wisconsin utilities were c°__-_APP leRiv_
directed to determine the costs and

"a'4'!_neLak, _1.2.a.4.sa.67B-abenefitsof increasedW_smission KinO11'3'4
_ ii, ShermanStreey ,_

capacity. The utilities also Rea_ _'_c_a c.ve - _ / /
investigated the costs of expanding -_'7. a_a.a we,ton
transmission access options at " 1,sa,s we
varying voltages and along various
routes including both AC trans-
mission options at 115, 161,230,
and 345 kV and DC options at
+250 kV (PSCW 1991a). The
routes of the lines associated with
representativealternativeproposals
are shown in Figure 5-1. Seven
alternatives, labeled 1, 2, 3, 4,
5B, 6, and 7B-3 are shown in the _: _.,1,_ _cw Im_,

figure. The lines are in the Figure 5-1
service territories of several Potential Routes for Transmission
Wisconsin utilities and extend Expansion in Wisconsin
slightly outside of Wisconsin.
Analysis of the options was
carried out using two analytical

• tools:a fullAC powerflowmodelofthegenerationandtransmissionsystemanda multi-area
hourlyproductioncostsimulationprogram.Inbothcasesthedatarepresentationincluded
facilitiesina largeportionofthecentralUnitedStates(Amy 1992).Sincetheoptionsinclude
multiplecombinationsof varyingvoltageand capacityoptions,economiesof scalein
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transmission construction and synergies are addressed; however, economies of scope of
operations were not apparently considered, primarily because limits on transfer capacity across
the interface occur only in the West to East direction due to regional resource balance (PSCW
1991a).

The comprehensiveness of these options and the explicit comparisonof benefits of access and
costs of transmission alternatives represents a thorough effort to optimize transmission expansion
over the long term as part of an integrated resource plan. The considerationof geographically
dispersed alternative routes at varying voltages to solve a set of transmissionproblemsindicates
that true network planning is taking place, and not only planning of radial reinforcement.
Severalof the options were identifiedin Advance Plan 6 as deserving of continued study (PSCW
1991a); however, as of the filing of AP6 in March 1991, none of the proposals have progressed
past the initial planning stage. The Advance Plan process allows ample time to modify plans,
in the light of new or changing needs, before a utility is committedto construction.

In principle, the transmissionneeds of IPPs can also be integratedinto the plan; however, IPPs
have not featuredprominentlyin the Advance Plan Process. As in the case of Kramer-Victor,
the unanticipatedtransmissionneeds of IPPs and QFs may not be well integrated into long-term
planning, lt is not clear how IPPs, that might bid to meet capacity needs, will get information
abouttransmissioncosts for specific sites. Once IPPs havedeveloped projects sufficientlyto bid
for an acquire contracts, the transmissionexpansionplan will have to be re-optimized in a way
that may be moreexpensive than if site informationhad been knownin advance. Wisconsin has
had less experience with II'Ps than other states. It is just beginning to deal with these issues.
Whether planning co-ordinationbecomes a problemremains to be seen.

Information asymmetry may limit the veracity of study results. For example, none of the
estimates of increased transmission capacity benefits in the interface study were tied to any
obligation to buy or constructtransmissioncapacity, so that, in principle, there was no obligation
on utilities to reveal truthfullytheir needs for capacity. The ability of the PSCW to specify how
the benefits of increasing transfer capability would be determined and to audit and verify
engineering-economic studies were the regulatory disciplining forces available to the PSCW to
ensure that the Wisconsin utilities revealed their truebenefits of increasedtransmissioncapacity.
This feature appearsto be generic to the 'Advance Plan' study, so that good planning depends
on truthful revelation by the Wisconsin utilities, induced by analysis, auditing or verification
activities of PSCW staff, intervenors or other utilities.

We have argued in the case studies in Chapter4 that coherent analysis of information
asymmetries is essential. It is necessary to either provide incentives for truthful revelation, or
accept the consequences of information asymmetries. Since the Wisconsin utilities are each
relatively small compared to the total Wisconsin market, it may be possible to assert that
competition disciplines their responses. For example, each utility may be prepared to provide
accurate data for loadflow analysis since nearby competitors already possess this data and can
verify it. In the area of Demand-SideManagement, such yardstick competition has been used
to assess utility performances (Kahnand Goldman 1991).
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A significant feature of the joint planning approachis that duplication of transmission can be
avoided. The issue of unsustainabilityis therefore addressed. If, as suggested in Amy and
James (1990), ttdrd-partyaccess can at the same time be assured by the PSCW, then this is a
significantadvantage;however, if access can be denied by transmissionowners, then preventing
duplicationforecloses the optionof over-buildingtransmissionto assure competitionin the much
more valuable generation market. We have observed that assuring such competition is

• apparently a major aspect of the California-Oregon Transmission Project (COTP). Joint
ownership may mitigate this problem and the PSCW advocates that the "equitable approachto
allowing smaller utilities access to low-cost power sources is to allow them to share in the use

• and costs of the existing transmissionsystem and any needed additions" (PSCW 1991a).

The PSCW is encouraging a single statewide agreement on transmission access, while
proceedinginitially with a "gradualapproach" (PSCW 1991a). The Advance Plan process has
the potential to standardizetransmissionaccess for utilities.

Summary

The WAP coherently treats the institutionalissues of utility and independentpower access to
transmission throughjoint planning and ownership of transmission. IPP access, however, has
notplayed a prominentrole to date. While IPPs are free to participatein transmissionplanning
studies, this has not occurred to date. The regulatory arrangementsin Wisconsin prevent
asymmetricconstraints on utility industryparticipants. The PSCW has explicitly set standards
and requiredjoint planning. The PSCW focuses on real rather than pecuniarybenefits.

Information asymmetries are partially addressed through the discipline of joint planning;
however, the resolution of information asymmetries depends on the existence of particular
relationships between utility industry participants. Such relationships may be difficult to
reproduce in other States. On a regional planning level, however, the relationships between
regional groups of utilities may suffice for revelation of information pertinent to inter-regional
transmissionplanningin an Advance Plan-like process for regional transmission. This will be
discussed in detail in Section 7.2.

The technological issues that are treated coherently include: radial and network transmission
planning, through considerationof a variety of transmissionoptions at differentvoltages and in
different areas; externalities of loop flow; synergies, by considering transmission plans that
consist of a number of individual lines; and, economies of scale, through consideration of

- transmission at various voltages. The PSCW advocates optimizationof the network, both for
short-termoperations and in long-term planning. Long-termstate-wide planning to optimize net
benefits coherently addresses intertemporalallocation of resources, growth uncertainties, and

• unsustainability.
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5.3.2 California Public Utilities Commission Order on Computer Models

Descriotion

In Decision 90-11-052 (CPUC 1990b), the CPUC implemented rules requiring access to
computer models and databases for the CPUC, its Staff, and Parties to CPUC Proceedings.
The rules were mandated by CaliforniaState Assembly Bill 475. We will briefly review the
likely effects of these Access Rules from the perspective of the issues of information
asymmetries and standards.

Q

The rules ensure that computer models and data bases can be checked for self-consistency and
allow parties to check the sensitivity of computer models to changes in input data (CPUC
1990b). Changesto data bases in the course of proceedings must be disclosed.

The rules force parties to reveal the data they have used for studies. To this extent, the
problems of consistency of data between variousproceedings can be checked, ameliorating this
aspect of informationasymmetry. However, data used for studies might still be inconsistent
with an Applicant'sprivateknowledge. To this extent, the problemsof informationasymmetries
are not completely solved.

The rules also requirethat computermodels and documentationof the models be madeavailable.
Though not explicitly requiringstandardization,the disclosure rules will probably encourage
standardizationof data bases and software.

Summary

The CPUC Access Rules coherently treats some aspects of the institutional issues of information
asymmetries and standardization. We remarkthat the sheervolume of data used in proceedings
may limit the practicality of these Rules. (See Appendix A for a discussion of practicality of
disclosing huge amounts of data.)
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5.4 Federally Adjudicated Cases

$.4.1 Pacific Gas and Electric's Stanislaus Commitments

Descr_p_n

In the 1970s, a numberof individualmunicipalitiesandjoint action agencies sought participation
in large nuclear power plant projects sponsored by IOUs. Statutory authorityover anti-trust

• issues was grantedto the Atomic Energy Commission (AF_) and its successor, the Nuclear
RegulatoryCommission(NRC). To remedyvariousactionsby PG&E thatwere considered anti-
competitive, transmissionservice was made a licensing condition for a nuclear generation plant
in a settlementknown as the StanislausCommitments, involving the Stanislaus Nuclear Plan.
The commitment_ were originally to be included as part of the operating license for the
StanislausPlant; l,.owever,since Stanislauswas never built, the Commitmentswere eventually
included as conditions in PG&E's operatinglicense for the Diablo Canyon Nuclear Plant (NRC
1981).

The commitments are designed explicitly to limit PG&E's monopoly over transmission in its
service area. To thisextent, they address competitionissues, both inter-utilitycompetitionand
also competitionbetween PG&E and independentpower producers. Among other things, the
Commitmentsoblige PG&E to (NRC 1981):

1. allow participation in ownership of nuclear generating facilities by neighboring
facilities;

2. allow interconnectionwith neighboringutilities for power transfers;and,
3. provide transmissionservices between, for example, MUNI generation facilities and

MUNI service territories that are adjacent to or geographically surrounded by
PG&E's 'Retail Service Area'.

The commitments require the building of additional transmission facilities to support
transmission transactions; however, PG&E is not obliged to build a facility if equivalent
expansion could be undertakenwithout duplicatingany existing PG&E transmissionlines, and
they do not requirePG&Eto become a commoncarrier. Thecommitments, therefore,deal with
networkexpansion and explicitly rule out radial expansion of PG&E,s network.

There is som¢ ambiguity as to whether the Commitmentsrequire PG&E to wheel, or simply
" require it to enter into good faith negotiationsover wheeling. However, on two occasions in

1982, PG&E wheeled electricity for shortperiods under the Stanislaus Commitmentsand did
• so without priornegotiationof a transmissionagreement (I2SDC 1989). Tariffs and agreements

for these transactions were filed by PG&E with FERC one year after the transactions occurred.

In contrast,in May 1982, Western Area Power Administration (WAPA) contracted to sell
energydirectlyto_e NorthernCaliforniaPowerAgency(NCPA) on behalf of six citymembers
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of NCPA (USDC 1989). However, PG&E refused to enter into a transmission agreement.
Protractedarbitrationand litigation ensued, with disputes over, for example, whether the word
'interconnection'when used in the Commitmentsreferredto the fact of electrical interconnection
or to the legal notion of _: interconnectionagreement. The distinction was critical in WAPA
and NCPA's contention that PG&Ewas obliged underthe StanislausCommitments to provide
transmissionservices without furthercontractualagreements.

The United StatesDistrict Courtsubsequentlyruled thatPG&Ewas obliged to wheel for WAPA
and that it should file a tariff retroactively at FERC to recover wheeling fees. However, _ts
remarkedin the ruling, "time is of the essence in ,_nergytransactions" (USDC 1989), while the
decision cameapproximatelyseven years afterthedisputedwheeling transaction,which occurred
between May and September 1982: it is unlikely that WAPA and others have been encouraged
by this experience.

Because disputes over the Stanislaus Commitments are adjudicated in Federal Court, the
Commitmentsare a very unwieldyway to provide transmissionaccess. Tariffs and agreements
for even the uncont_'oversialtransactionsentered into by PG&E in 1982 took a year to file at
FERC. The credibility of the Stanislaus Commitments as workab!le transmission access
agreements is highly questionable:we note that COTP emerged because the MUNIs could not
obtain satisfactory transmission access. In contrast, much more direct transmission access
guaranteesare provided by requirementsto file a wheeling tariff at FERC.

Summary

The Stanislaus commitments address the institutional issues of inter-utility competition for
transmissionaccess, and competition between PG&E and independentpower producers, but do
not treat information issues. The technological issue of network reinforcementis treated, but
few other issues are resolved. There is little explicit consideration of decision-making
complexity. This approachproved to be very ineffective, particularly in contrast to the more
rigid and severe approachadopted in the next case of transmission access, which was also
mandated through nuclearplant license conditions.

$.4.2 Toledo Edison and Cleveland Electric License Conditions

Description

As with Pacific Gas & Electric's StanislausCommitments, the Toledo Edison and Cleveland
Electric License Conditions were imposed to mitigate monopoly power. The United States
Atomic Safety and Licensing Board found that Cleveland Electric IlluminatingCompany, Toledo
Edison Company, Duquesne Light Company, Ohio Edison Company and its subsidiary
Pennsylvania Power Company--the utilities in the Central Area Power Coordinating Pool
(CAPCO)--were "guilty of repeated and flagrant violations of the antitrust laws in deal-

94



ings" (NRC 1979) with their competitorssuch as MUNIs and RuralElectric Cooperatives in the
'Combined CAPCO Company Territories' (CCCT). For example, several of the CAPCO
companiesrefusedtowheelpowerforcaptiveMUNIs thatdidnototherwisehaveaccessto
transmission.Furthermore,theMUNIs were discouragedfromjoiningCAPCO toobtain
wheelingfightsby onerouslyappliedCAPCO membershipconditions(NRC 1979).

To rectifytheantitrustconcerns,theNuclearRegulatoryCommission(NRC) imposedJ

conditions--CAPCO conditions--that are much stronger than the Stanislaus Commitments. As
with the Stanislaus Commitments, access to nuclear generation was guaranteed to the MUNIs

. and RuralElectric Cooperatives in the CCCT; however, the most importantdifferences between
the CAPCO conditions and Stanislaus Commitments are that(NRC 1979):

1. the CAPCO conditions are more explicit about the terms of inter-connection
agreements, particularlyas regards explicit rene rights for transmission services;

2. wheeling tariffs were flied at FERC in response to the conditions, not in response to
requests for wheeling service; and,

3. the CAPCOcompanies mustreducetheirown transmissiontransactions,if necessary,
to provide for wheeling services to other entities in the CCCI'.

The third condition was designed to "preventthe preemptionof unusedcapacity on the lines of
one [CAPCO Company] by [another]" (NRC 1979).

It is difficult to judge the magnitude of increased transmission access due to the CAPCO
conditions because of the counterfactualnature of assessing transmissionaccess in the 'absence
of the conditions. As a proxy, we will describe developments in the competition between
Cleveland Public Power (CPP), a MUNI, and Cleveland Electric IlluminatingCompany (CEI),
a CAPCO Company.

Competitionbetween CPP and CEI for customers in Cleveland is "virtually door-to-door" (CPP
1991), with much of their service areas and distribution systems overlapping geographically.
We will not comment on the economic ef_ciency implications of this unusual arrangement;17
instead, we will derive some conclusions about transmission access that follow from the
particularsof CPP and CEI competition for customers at the distribution system level.

Most of CPP's bulk power requirementsare met by purchases from other utilities (CPP 1991).
CEI's electric rates are generally higher than CPP's due to "lower-cost power available to CPP
and to the exemption from taxation enjoyed by CPP" (SEC 1991). With ali else being equal,

- it would be reasonable to assume that this competitive advantage, combined with the overlapping
_ serviceareasofCPP andCE/,wouldhavecontributedtogrowthofCPP'scustomerbaseatthe

expenseofCEI's;however,untiltheCAPCO conditionscame intoeffect,limitedaccessto

t7 In particular, we are not asserting that the competition between CPP and CEI is, on balance, beneficial to
society.
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transmissionfrom CEI prevented growth in CPP's service area. In fact, CPP's customer base
decreased through most of the 1970s.

In 1975, a 138 kV intertieprovided synchronousinter-connectionbetween CPP and CEI (CPP
1991); however, without wheeling access through CEI to other generation markets, CPP could
not increase its access to low-cost wholesale power to expand its customer base. With the
CAPCO agreements in place, CPP has recently issued bonds to finance expansion of its °
distributionsystem. The increaseddemand will be met by contracts for supply from the State
of New York Power Authority and other suppliers in the region who desire to market excess
capacity. These resources will be wheeled over CEI lines underwheeli_ngtariffs filed at FERC
as a result of the CAPCO agreements (CPP 1991). CEI recognizes these obligations and is
planning its finances and electrical system accordingly (SEC 1991).

Summa_

Again, we emphasize that we are not commentingon the economic efficiency implicationsof
the CPP and CEI competition. However, it is clear that the CAPCO conditions have provided
transmission access to CPP, and without major disruptionto CEI. The conditions treat the
institutionalissue of wheeling access, but in a very rigid manner.

5.4.3 Utah Power and Light-PacifiCorp Merger Conditions

Description

In 1987, Utah Power and Light and PacifiCorp filed an application with FERC under §203 of
the Federal Power Act seeking approval to merge. The service territory of Utah Power and
Light was in Utah, SoutheasternIdaho, and SouthwesternWyoming, while PacifiCorp's Service
territory includes parts of California, Idaho, Montana, Oregon, Washington, and Wyoming.
Between them, the two companies owned significant transmission in the path from the Pacific
Northwest to the SouthwesternUnited States, includingCalifornia. The reasons for the merger
included economies of scale and scope in operation (FERC 1987).

In their merger application, the companies proposed wheeling conditions to mitigate the anti-
competil_iveeffects of their control of transmission,with wheeling pricedat embedded costs plus
the 'opportunity costs' of foregone transmission. In opinion number 318 (FERC 1988b), the
FERCdecided that these conditions were inadequateand the merged company was required to
offer wheeling service at 'cost-based' rates and to build additional transmission capacity where
necessary to accommodate demands for transmission service. The wheeling service conditions
were specifically designed to mitigate the monopoly power over transmission that the merged
company would gain in its regional market. The conditions therefore consider regional versus
state conflicts.
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The conditions imposed by FERC had both sbort-term provisions, lasting for five years, to
facilitatean orderly transitionfrom pre- to post-merger, and long-termprovisions to assure that
any wheeling requirementsthat could not be met with existing capacity would be met through
constn_ction,whetherradialor network. In specifying both short-and long-termprovisions, the
FERC addressed coherently the balance between operation of the existing and planning of the
future transmission system. We will describe the short-termconditions first and then the long-
term conditions.

The short-termconditions required the merged company to calculate the Remaining Existing
, Capacity (REC) of the merged company's transmission system that could be made available

without new construction. The REC was then divided amongst 'tiers' of potential transmission
customers:TransmissionDependentUtilities havea rightto 20%; unaffiliated utilitiesconnected
to the merged company to the North and East have a right to 30%; and the remaining 50% is
available to any utility, including the merged company, where the term 'utility' includes those
IPPs that are not QFs.

As noted in Subsection 2.2.2, in its initial decision, the FERC made some attemptto distinguish
'pecuniary' and 'real' benefits of the merger; however, there is no discussion in the FERC
record of the specific reasonsfor the proportionsof remaining existing capacity to be allocated
to each tier of transmission customer. The allocations seem arbitrary and without a basis in
maximizing real benefits. Although the balance between short- and long-term issues is
considered, the allocation of tiers does not necessarily improve operating efficiency of the
network.

Various arrangements were made in the event of over- or under-subscription of the REC.
However, the merged company was specifically precluded from withholding transmission
capacity requested for a firm wheeling transaction in order to purchase and resell bulk
power (FERC 1988b). This responds to the experiences of the NCPA with interruptible
tariffs noted in Section 5.4.1.

In the long-term, legitimately interestedparties are afforded the opportunity to jointly participate
in transmission construction with the merged company. The merged company is required to
meet ali bona fide requests for service either with existing capacity or by building new facilities.
If service requires new construction, then it must be built within five years of the date of the
request, backed up with the provision that if a bona fide request for transmission service could
not be met within five years, then _e merged company would be required to reduce its off-
system transactions to satisfy the request. That is, the merged company agreed to put its

- coordination transactions at risk. Furthermore, long-term contracts for wheeling could not be
worded so as to constrain capacity resale rights (FERC 1988b). The transmission service is to
be supplied at cost-based rates, not necessarily just embeddedcosts, but definitely not including

• 'opportunity costs.' (FERC 1988b).

PacifiCorp later filed its determination of Remaining Existing Capacity and a tariff with
FERC (FERC 1990). A refiled tariffwas subsequentlyacceptedand made retroactivelyeffective
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from June 12, 1989 (PacifiCorp 1991a). There are tariffs for both firm and non-firm service.
The firm tariffs, for example, consist of (PacifiCorp 1991a):

* a facility cost, based on embedded costs, with rates in the range $30--$40 per kW-
year, depending on the durationand path of service, and,

* compensation for losses, based on system average losses. The assessment for losses
is between 4 % and 8% of actualenergy delivered, dependingon the voltage and path
of service.

Compensationfor losses is independentof actual or prevailing loading conditions, so that, for
example, loss charges are assessed for a wheeling transaction that is counter to the flow of
existing power, even though counter-fiow wheeling actually reduces losses (PacifiCorp 1991b).
While the tariffguaranteesaccess, it does not give economically efficient incentives to wheeling
customers.

As of July 1991, eight utilities have executed transmissionagreements with PacifiCorpfor PEC
(PacifiCorp 1991a). The tariff filed by PacifiCorp has evidently been successful in attracting
transmissioncustomers.

Since PacifiCorp determines its own Remaining Existing Capacity, there is a significant
information asymmetry. However, as of June 1990, the transmissionservice in the three tiers
is under-subscribed(FERC 1990) and almost ali transmission paths continued to be under-
subscribedas of August 1991 (Corey 1991). PacifiCorphas not needed to build or plan for any
transmission lines in order to satisfy transmission requests. Ironically, this is prima facie
evidence that PacifiCorp's transmission system may be significantly overbuilt. Practically
speaking,therefore, there is no pressing need to question PacifiCorp'sfigures; however, several
parties suspect that the REC is understated (FERC 1990), and there is apparentlyno provision
for independent verification of the basis for RF_ calculations.

Summary

The short-term success of the merger conditions in creating transmissionaccess indicates the
potentialof FERC-basedmandated access. Such access seems to function more smoothly than,
for example, access under the Stanislausconditions, while being less onerous to the wheeling
utility than the CAPCO agreements. In the long term, however, as REC is used up, the
calculations may become more contentious and the information asymmetry more problematic.

The merger conditions coherently treat the institutional issues of inter-utility competition,
competition between PacifiCorp and independent power producers, and s*,_teversus regional
issues, but do not treat information asymmetries. The technology issues of radial and network
reinforcement are treated to the extent that the merged company itself performs comprehensive
transmission planning; however, the issues of economies of scope and scale are not treated
perfectly, since embedded costs and average losses are used as the basis for the tariff. While
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the balance of short-termand long-term issues are considered in the tariff, neither efficient
operations nor optimal long-term planning is encouraged by the conditions.

5.5 Synopsis

Table 5-1 summarizes the issues treated coherently in the Utility proposals and frameworks,
State legislation, and Federal adjudication. As the table makes clear, the Vermont Electric
Transmission Company (VELCO) and the PG&E multi-attribute bidding framework, on the

" industry side, and the Wisconsin Advance Plan (WAP) on the state policy side, are the most
coherent and comprehensive approachesto transmissionplanning that we have discussed here.
VELCO and the WAP are primarily institutional frameworks for transmission planning, while
operation, while the PG&E multi-attributebidding frameworkis a concrete implementation of
utility planning. The problem for policy in other regions is finding a way to create frameworks
and implementationsthat can achieve similar benefits.
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Table 5-1
Issues Treated Coherently by Utility, State and Federal Policy
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Chapter 6

Technical Analysis in Transmission Planning

6.1 Overview
b

In the previous chapters, we have remarkedon the issue of standardizationof assessment of
costs and benefits. A pre-requisite to standardizationis a solid theoretical basis for transmission

" planning. In this chapter we outline transmissionplanning, both:

• theoretically as described in Stoll (1989), and,
* as practiced by utilities in evaluating_e transmissionneeds of wheeling transactions

and for purchasesof independentpower.

The description of theory provides a basis to evaluate transmission planning in practice. We
then survey four software packagesused in utility and regulatoryanalysis of transmissionissues.
First, two planning models:

• the Decision Focus Incorporated (DFI) model of generation and transmission
expansion in Californiaand surroundingregions (DFI), and,

• the PG&E LOCATION incremental transmissionimpact evaluationprogram;

then, two operational models:

• the Meta Systems WRATE_ transmission spot pricing model, and,
• the SierraEnergy and Risk Assessment model (SERAM) of surplusenergy resources

available to California.

Although the DFI, LOCATION, and SERAM models are adapted to specific regions, their
design principles and features could be applied in other regions.

We will see that the theory, practice,and software packages we review completely omit the issue
of informationasymmetry. In fact, most of the institutional issues described in Section 2.2 are
essentially outside their purview; whetheror not they are dealt with coherently typically depends
on the use to which these are put, not their intrinsic characteristics. For example, PG&E's
LOCATION program, itself, does not resolve the issue of competition between utilities and

" independentpower, but this issue is considered in PG&E's multi-attributebidding framework,
of which LOCATION is an importantpart.

w

Most of the theory, practice, and software packages also omit issues such as economies of scale
and scope. However, in this chapter, we will concentrate on the strengths of the theory,
practice, and software and defer discussion of information asymmetries and other economic

lD1



issues to the appendix, where we also provide a perspective on the need for large scale
optimizationmodels in transmissionplanning.

6.2 Theoretical Long-Term Transmission Planning Under
Vertical-Integration

4

In this subsection, we outline a textbook description of the process of long-term least-cost
transmissionplanning by a vertically-integratedutility, essentially paraphrasingStoll (1989), a
state-of-the-artreference.

As describedin Section 2.3, the transmissionnetworkis typicallyexpandedin complex patterns.
]'he basic reasonis that the economies of scale of constructiondictate that transmissionis added
in large incrementsbetween pairs of nodes in the system, while demandgrowth tends to occur
gradually throughout the system. The optimal planning of the transmission network is, in
principle, a large-scalestochastic dynamicprogrammingproblem (Larsonand Casti 1978). The
objective is the present value of the sum of construction and operation costs. Constraintsare
imposed by the loadflow equations, demand requirements,generator limits, thermal line limits,
steady-state and transientstability limits, and various other issues. The decision variables are
the choices to buildor increase transmissioncapacitybetween pairs of nodes at any time. The
stochastic natureis due to uncertaintiesabout futuredemandscenarios and fuel and construction
costs.

A typical large utility or region may have several thousand buses and lines, and hundredsof
generators. Lines can potentially be added between many pairs of nodes. Because the lifetime
of typical generators is 20--40 years, while lines have lifetimes of 40--70 years, and since the
size of a large line may be several times the total amount of system load growth in a year,
optima, planning requiresa planning horizon far into the future.

As a proxy to such very long-term planning, a 'horizon-year'may be chosen that is only ten to
twenty years into the future. In general, truncationof planning to a finite horizon will preclude
an optimal design. Under some circumstances,however, planninghorizons can be chosen that
are far enough into the future so that optimal initial decisions can be made. Theoretical
conditions for such planning horizons to exist are contained in (Bean and Smith 1984).
Unfortunately, it seems unlikely that these conditions are satisfied by a typical transmission
planning horizon-year, so that the chosen horizon-yearcan at best be considered only a rough
approximationto very long-term planning.

Once the horizon-year is chosen, load forecastsand generationalternatives for the horizon year
are compiled. Additions to the currenttransmissionsystemare then designed to satisfy transmis-
sion criteria. Ideally, the generation and transmissionadditions would be designed jointly for
this horizon-year system.
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The transmissionplanning criteriavary from utility to utility; however, a representative set of
criteria is as follows: the basic considerationis that, undernormal conditions, with all transmis-
sion lines in-service, there must notbe anyoverloads of any equipmentor lines, where the limits
arebased on both thermaland stability limits. Furthermore,voltages at ali buses must be within
operating range.

Additionally, afterany single outage of a line it is required that:

1. there are no overloads on lines past emergency limits and there are no violation of
• reactive power generation limits;

2. there are no transientor dynamic stability problems, and transient and steady state
voltages are acceptable;

3. there is no under-frequencyload-shedding;and finally, that
4. there are no cascading outages.

This groupof criteria are collectively referred to as N-1 criteria, since they consider the outage
of one of the total of N lines in the system. As well as these criteria, certain double
contingencies may also be considered; these criteria are referredto as N-2 criteria.

Designing the optimal horizon-yearplan directly is far beyond current computationalcapacity.
Moreover, the uncertaintyof many futureparameterswould reduce the value of such analysis.
Instead, only approximately optimal planningof the horizon-year system is possible.

To illustrate why an approximateapproach is necessary, Stoll (1989) describes the multiplicity
of issues that must be considered even in a radial transmission project. ParaphrasingStoU,
suppose that the planningrequirementsin a system include the futureneed to transmit 1000 MW
over a 320 km fight-of-way. We assume that there are two candidateline voltages, 345 kV and
500 kV.

First, StoUobserves that,based on line ratings, either a single 500 kV line or two 345 kV lines
would suffice to carry the power. These costs are shown in Table 6-1. On this basis, the
economies of scale of construction make the 500 kV line cheaper. However, Stoll then notes
that a single contingency of a line would cause loss of service.

While two 345 kV fines or one 500 kV line will not satisfy the N-1 criteria, adding one more
line in parallel to either the 345 kV lines or 500 kV line would remedy this problem. The
capital costs of either two 500 kV lines or three 345 kV lines are approximatelythe same, so
that the economy of scale advantage of higher voltage lines is off-set by the contingency
problems imposed by theirhigher capacity rating.

, StoU then considers losses. The higher voltage lines have considerably lower losses and this
makes the 500 kV lines cheaper overall over the life of the transmission line. This trade-off
between capital costs and losses depends on estimates of line loading. Finally, Stoll goes on
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to illustrate the further complexities that arise if network transmission expansion is re-
quired (Stoll 1989).

This examplehas only considereda few of the issues involved in transmission. The point of the
example is that many interacting factors ali need to be considered to evaluate the benefits and
costs of a line. As in the DPV2 study, the consideration of only some of the issues can
significantly alter comparisonsbetween alternatives;however, the more thoroughly each option

Table 6-1
Costs of Transmission Construction

, Voltage/kV
345 5O0

Construction Plan Costs/MS
Minimumconstruction for 1000 MW capacity 198t 149
Construction to satisfy N-1 criteria 2972 2983
Constructionto satisfy N-1 criteria plus capitalizedcost of losses 341 311

m i Jl i

Source: Sections 16.11 and 16.12 of Stoll (1989).
Notes:

i Two 345 kV lines required to transmit 1000 MW

2 Three 345 kV lines required to survive single contingency
s Two 500 kV fines required to survive single contingency

i ii la

is to be analyzed, the fewer the numberof options thatcan be handled with a reasonableamount
of effort.

Recently, there have been integer-programmingimplementationsof optimal design of horizon-
year systems that kt principlecan consider ali the issues andoptimize over ali options. See, for
example, Boffey and Green (1983), Santos et al. (1989), and Villasana (1984); however, the
work has not found large-scale acceptance in the utility industry and there is apparentlyno
commercially available software.

Instead, a multi-stage approachis used in practice to design an approximatelyoptimal horizon-
yearsystem. At each stage many constraintsand theobjective are representedby roughproxies.
For example, line limits may be based on thermal limits that are derated to approximately
represent stability limits. Production costs may be approximated through simulation of
operations using a simplified unit commitmentschedule.

t,

At each stage, alternatives that don't satisfy constraints or which are very expensive are
eliminated. At the next stage a more detailed model of the constraints and objective can then
be examined and optimized over a smaller number of remaining candidate solutions. The
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procedureis illustratedin Figure 6-1 and
yieldsa suboptimal,buthopefullyreasonably Decreasing
goodhorizon-yeartransmissionplan. Alternatives

After the horizon-year system is planned, "a
yearly transmission plan can be developed Stage 1

that builds toward the horizonyear" (Stoll Stage 2
1989). The yearly planning problem is now
a finite horizon dynamic program with a

, relatively few decision variables: basically, Stage 3
whether or not to build each of the horizon-
year lines in any given year. This is a much Stage 4
simpler problem than consideringall possible
constructionprojects. Of course, the draw-
backis that there is no guaranteeof optima- Increasing
lity, butif theplanningprocedureisrepeated Detail
every few years, then a reasonableplan can
be mapped out that can adapt to changes in
future transmissionrequirementsas they are Source:adaptedfromfigure16.1of Stoll0989)
revealed.

Figure 6-1
The genetic process describedhere canpoten- Multi-Stage Transmission Planning
tially incorporate ali of the technological
issues described in Chapter2, so that its
treatment of the decision-makingcomplexity is a matterof design. We have remarked that the
institutionalissues are external to the theoretical treatment here.

Planning for wheeling and independentpower can potentially be handled in this framework if:

1. the growth of independentpower and wheeling needs is known in advance and can
be explicitly takeninto considerationin the long-term plans, or,

2. the potential for growth is relatively small so that the transmission needs can be
treated as perturbations on the overall plan, as in the Pacific Gas & Electric
LOCATION programto be discussed in Section 6.4.

Clearly, serious problems can arise if, instead, there is growth in the transmission needs of
independent power that is too large to be treated as a perturbation on long-term plans, but too

- suddenor unexpectedto be coherently incorporated into long-term planning. The Kramer-Victor
case is an example. In the next section, we will observe that the treatment of transmission issues
for wheeling and independent power is usually not fully integrated into long-term planning.
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6.3 Transmission Planning by Utilities for Wheeling and Independent
Power

In this section we discuss the planning methodologies used by several utilities in evaluating
transmission expansion required for wheeling transactions and for purchases of independent
power acquired through competitive bidding. The description is based on the transmission
planning examples presented at the California Public Utilities Commission (CPUC) series of '
Workshops in Transmission Access that took place in August 1991. Four presentations, by
representatives of Pacific Gas & Electric (PG&E 1991a), Southern California Edison (SCE
1991), San Diego Gas and Electric (SDG&E 1991), and SierraPacific Power Company (SPPC
199I) are summarizedhere.

Generally, the transmissionanalysis for wheeling and purchaseagreements is of shorter term
than the long-term transmission planning described in the last section; however, ali the
engineeringissues must be addressed in detail. It is usuallycarried out in response to a specific
request for transmissionservice, rather than being partof long-term transmissionplanning.

The basic analysis consists of several steps. First, a test year or a few test years are established.
lt is verified that the existing system, or the currentlyplanned test year systems, can satisfy the
criteria outlined in the previous section, without the additionaltransmissiontransaction. The
choice of test year varies from utility to utility.

Secondly, interconnection and transmission upgrade alternatives are selected, based on
'engineering judgment.' Some consideration is given to long-term transmissionexpansion in the
selection of the alternatives. For example, if further transmission requirementsare expected
along a transmissioncorridor, then alternatives with higher ratings or at higher voltages may be
considered. In the Kramer-Victorcase, for example, overbuildingof towers was used to provide
for future requirements. However, the upgradealternatives are rarely optimized with respect
to a long-term perspective.

Thirdly, the existing system is modified to include the wheeling or power purchase under
consideration. Power flows and stability analyses are performed on the modified system under
the various transmission upgrade alternatives. A no-upgrade case is also considered. The
criteria discussed above are applied to the modified system. Transmissionalternatives that fail
any criteria are eliminated from consideration. Fourthly, an economic comparison is made
between the feasible alternatives.

The basic difference between this planning methodology and the planning described in
Section 6.2 is that there is no consideration of a horizon year that is well into the future.
Instead, one or a few test years are considered that may represent the system for only five or
ten years into the future. The planningis usuallyless integrated with other supply, transmission,
and demand-side decisions. For example, the single system for each test year cannot represent
the range of possible generation resources acquired in future long-term competitive bidding
processes.
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As in Section 6.2, on theoretical transmissionplanning, any of the technological issues can be
incorporated;however, efficient planning is not apparentlyas strongly pursuedas described in
Section 6.2 and, furthermore,the choice of nearby test-years precludes an optimal long-term
plan. Again, institutional issues are external to the modeling.

- 6.4 Transmission Planning Software Models

6.4.1 The Derision Focus Incorporated (DFI) Model

This model was developed under contract by Decision Focus Incorporated (DFI) for the
California Energy Commission to assess the benefits of currently proposed additions to
transmissioacapacity both wholly inside Californiaand "between Californiademandregions and
out-o¢-state supply sources" (DFI 1990). As described in (DFI 1990), "[t]he model is
formulated zs a linear program with the objective of minimizing the present value of the cost
(investmentplus operating)of meeting the demand for electricity in the seven regions over the
pe_od from 1990 to 2010" (DFI 1990_.

It is a planning model. The objective is jointly optimized over both inter-regional transmission
capacity additions and regional generation and dem_d-side management additions over a
planninghorizon. The constraintsinclude energybalance, reserve margin, hydroelectricenergy
availability, and transmissionlimitations.

The modeled transmissionprojects include (DFI 1990):

* Devers-Palo Verde 2;
* the California-OregonTransmissionProject (COTP);
* "South of Tesla reinforcementsdesigned in par_to e_tem [sic] the delivery capability

• of COTP to Southern California" (DFI 1990);
® _e Adelanto-Mead-Phoenix area interconnectionand the McCullough Northward

interconnection;and,
• the Trans Sierraconnection between Californiaand Nevada.

These projects include two of our case studies. The modeled transmission links are shown in
Figure 6-2. The links join the seven modeled regions within and surrounding California. Ali
links were candidates for expansion. Generationadditions were modeled as geaeric plants in
each of the regions.

Costs of resources are based on (DFI 1990):

• price and availabilityof gas and coal and the environmentalcosts of and constraints
on gas and coal use in California;

• costs of inter-regionaltransfercapacity, includingenvironmentaland other costs;
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• cost, availability, and environ-
mental consequences of out-of- _ mNmm_
state supply sources; and,

• currentand futuredemandand the I

cost of demand-sideoptions. h_vmdo BM

Other model features include (DFI 1990): _ N_ mah

• seasonal and daily demand
variation, through 12 load demand
levels;

• multiple Pacific Northwest hydro
conditions;

• maintenancescheduling; mouumm
• forced outages, through derating;

and, _ _ N,vM_
• reserve margins.

The DF: model optimizes over a broadrange uo,,o_
of electricity system constructionoptions and
over a long planning horizon, and considers
various scenarios (DFI 1990). It represents
transmission as a capacitatedtransshipment _.e: _m 44 _n _me).
network(Lawler 1976); that is, the network
is modeled as a set of nodes joined by links. F'_gure6-2
Each link has a rated capacity and a per unit DFI Representation of Lines
cost of transmission to represent losses, with
an assumed constant percentage loss per unit
length of line. Network externalities such as parallel flow are not treated. Synergies can be
treatedto the extent that they can be represented with a linear objective and constraints. True
transmissionnetworkplanning is not undertakensince links are treated as though each were a
radialconnection. Economies of scale in transmissionconstructionare notmodeled, and in fact,
the model description underplays their relevance (DFI 1990); however, the reason for not
treating economies of scale seems to be related to computational tractability. Economies of
scope in operation are treatedby the transmission model; however, since most of the energy
flows towards California, this feature does not affect results significantly.

The DFI "approach is essentially a large-scale economic equilibrium model" (DFI 1990);
however, because institutional constraints are deliberately avoided, competitive issues are
omitted: the model treats ali regions as if they are collectively plannedand centrally dispatched
to maximize total welfare, so thatreal benefits are considered and operations and planning are
joint.iyoptimized. Each model scenario is run separatelyand planning is done for a given
scenario underperfect foresight, so that the dynamics of decision making and aspects of risk
hedgingare not modeled (DFI 1990). To the extent that the cost data is correctand transmission
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is modeled adequately, the results therefore representan optimistic lower bound to the costs
actually achievable under institutionalconstraintswith imperfect forecasts of the future.

Despite the many details included in the model, it currentlydoes not describe many significant
aspects of transmissionand generationplanning, includingrisk hedgingover uncertainforecasts
and economies of scale. It does not model generator operating costs in detail. Given the
regional emphasis of the model, it might also incorporate analysis of gas as well as electric
transmission.

, Of course, adding such features can be expected to significantly increase the difficulty of
performing an optimization over various construction options. Nevertheless, the DFI model
illustratesa coherent approach to tackling long-termstatewide and regional issues, which, for
example, the CPUC has been unwilling or unable to do. Many of the operational modeling
featuresdescribedin the next subsectioncould, in principle, be incorporated into the DFI model.
The DFI model coherentlyaddresses the technological issues of radial expansion and economies
of scope. Operations and planning are jointly optimized.

6.4.2 Pacific Gas and Electric LOCATION Program

PG&E's LOCATION programestimates the transmissioncosts and benefits of new generation
resources. It is part of PG&E's multi-attributebidding framework, which was described in
Section 5.2.4. LOCATION performs sensitivity analysis on the solution to an optimal power
flow (OPF) (Stevenson 1982) to estimate the cost of incrementaladditions in generation at any
bus in the PG&E system. Like the DFI model, LOCATION coherently integrates both
generation and transmissioncosts and benefits, but is more rigorous in its treatment of network
considerations.

A majorfeature of LOCATION is that, by using incrementalanalysis, it does not require prior
information about potential bidders. LOCATION requires data only on:

1. a base-case of tJansmission and generation resources relevant to a study date, and,
2. the average costs of facility upgrades.

An OPF is solved to optimally dispatchthe base-case. That is, system operation is optimized
to minimizeproductioncosts, while respectingline and otherconstraints. Then optimal planning
is approximated based on the OPF solution, through a sensitivity analysis. The sensitivity

- analysis estimates the effect on losses and loading due to an incremental injection at any bus.
The analysis is described in detail in Gribiket al. (1990).

The OPF coherently incorporatesexternalities and economies of scope of operation. That is,
network aspects of transmissionoperation are modeled. Incrementaladditions that impact line
limits are consideredby assuming a per unitcost for transmissionadditions along any overloaded
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line, ignoring economies of scale and lumpiness. As with the DFI model, this approach
essentially assumes that ali expansions are radial.

In the case of the DFI model, network expansion issues were apparently ignored for reasons of
computational speed. However, in the PG&E model, these issues are suppressed so that
transmission cost estimates can be provided to the bidders in advance of the bidders submitting
their bids. This represents a deliberate choice to suppress non-linearities in order to make the
bidding transparent, permitting the bidders to tailor their bids to the utility's decision process.
The approximation is good to the extent that the additions are relatively small.

In summary, LOCATION treats the technological characteristics of negative network
externalities and economies of scope, but, because of its application in transparent bidding, does
not perform true network planning, nor consider economies of scale. It can be used to jointly
optimize both operations and planning, lt is a theoretically sound approach where generation
additions and transmissionimpacts are incremental.

6.5 Transmission Operations Models

6.5.1 Wheeling Rate Evaluation Simulator (WRATES)

WRATF.S was developed by Meta Systems, Inc. 0VlSI)under contract to the New York State
Energy Research and Development Authority (Roukos and Caramanis 1988). lt models the
operation of an electric system. The WRATES software embodies the ideas in Sehweppe et
al. (1988) applied to wheeling of electricity. WRATES evaluates wheeling rates based on
marginal operating costs with a revenue reconciliation factor for capital recovery (Roukos and
Caramanis 1988).

WRATES uses a modified direct current (DC) loadflow (Schweppe et al. 1988) that incorporates
an estimation of losses to approximately represent up to a 25 bus and 200 line network. It can
model power pools. Network externalities are approximately represented through the DC
loadflow. WRATES can be run on a personal computer (PC), while the results from a full load
flow on a larger network can be downloaded to the PC and used to approximate wheeling on the
larger network, lt determines wheeling rates based on CRoukosand Caramanis 1988):

• user-specified bus demands;
• user-specified production costs;
• user-specified costs of unserved energy;
• line losses depending on line loading, but calculated approximately; and,
• user-specified line and generator capacity constraints.

Marginal-cost based rates treat economies of scope of operation coherently. Since the marginal-
cost based rates will not in general exactly recover total capital and operating costs, WRATES
incorporates 'revenue-reconciliation' factors to multiply the prices so that revenues recover costs.
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The generationcost, demand, and network dataare provided through a base-case and a set of
scenarios that represent the various outage and configuration states of the system during a test
year. The wheeling rates are calculated for each condition and an average wheeling rate is
calculated based on the user-specified probabilitiesof each scenario. WRATF_ can generate a
graph of wheeling rates versus duration in the year.

WRATF_ is designedas a normativepolicy tool, "programmedfor the evaluation of simplified.,t

networks" (Roukos and Ceramanis 1988). It deals with operational considerations, treating
negative network externalities and economies of scope coherently through an explicit loadflow

. representation, and seeking optimal rates based on real benefits. It does not treat information
asymmetry aspects, since it assumes thatproductioncost and line limit information is known.
It models independentlycontrolled power pools and calculates wheeling rates that consider the
cost of transmissionlosses, but does ,_otconfider strategic behavior.

6.$.2 Surplus Energy Resource Assessment Model (SERAM)

SERAM is a public domaincomputermodel, developed by SierraEnergy and Risk Assessment
(SERA) undercontract to the CPUC, and designed to be run on a personal computer. It is a
model of the operation of the Californiaand surroundingregional electricity system. SERAM
evaluates the "availabilityand transportability"(SERA 1991a) of Desert Southwest (DSW) and
Pacific Northwest (PNW) surplus energy. It "models the loads, resources, interconnected
transmission systems, and firm power commitments of each major region in the [Western
Systems CoordinatingCouncil] to determine the quantityandprice of economy energy ultimately
available to California utilities" (Schoonyan et al. 1991).

The available DSW energy and costs are determined by calculating potential generation from
coal and nuclearplants that is surplus to indigenous requirements and firm sales. The available
PNW surplus is modeled with reference to a suite of historical streamflow conditions. Surplus
from PNW hydro or coal units is made available for sale out of the region (SERA 1991a).

The transfers from PNW and DSW into California are determined on the basis of (Schoonyan
et al. 1991, SERA 1991a):

1. economy energy demand curves for each purchasingutility;
2. blocks of DSW power in excess of calculated DSW regional demand, priced at

average incrementalgeneration costs;
3. blocks of PNW hydroelectric power in excess of calculatedPNW regional demand,

priced at user-definedprices;
4. blocks of PNW coal power in excess of calculatedPNW regional demand, pricedat

- the average cost of coal units; and,
5. transmissionsystem limits and ownership and participationrights.
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Calculationof environmentalemissions is also
being incorporated into the model. The BCHydro
modeled transmission links are shown in
Figure 6-3. As with the DFI model, the
transmission network is modeled as a
capacitated transshipment network (Lawler Northwest

1976); however, the model is morecomplete,
with adjustmentsfor (SERA 1991b):

• parallel flow;
• simultaneous import limits;
• constant percentage losses; and,
• certain other operational consider-

ations. Comets

In general, the SERAM model treats trans-
mission in more detail than the DFI model,
but not in as much detail as LOCATION.
The modeling of transmission participation
rights models the operationalaspects of inter-
utility competition. _m: _, _,, ,LIw,).

Figure 6-3
SERAM allows the estimation of the benefits SERAM Representation of Lines
of economy energy transactions based on a
given transmissionsystem configuration. It
coherently models the externalities of electric
operations, but does not directly address planning issues. By design, SERAM evaluates the
pecuniarybenefits of transmissionoperation.

6.6 Summary

The characteristics of the software packages are summarized in Table 6-2. By design, the
operational models do not treat planning considerations such as reinforcementof the grid and
economies of scale in construction. The planning models do not addresseconomies of scale and
only treatradial line expansion.
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Table 6-2
Issues Treated Coherently by Software Packages

D L W S
F O R E

Category Issue Features I C A R
• ii?

Line Radial X X
ii

, Characteristics Network

Technology Network Negative X X X
i i

Externalities Positive

Synergies X
i ii

Economies IntertemporalAllocation
i

Structure of GrowthUncertainties

Scale Unsustainability

Fc,onomies of Scope X X X X

Decision- Feasibility Operations X X X X

Making versus Planning X X

Complexity Optimality Operationsand Planning X X

Key: DFI Decision Focus Incorporated Model
LOC PG&E LOCATION program
WRA Meta Systems WRATES
SER Sierra Energy and Risk Assessment SERAM
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Chapter 7

Conclusions and Suggestions

This chapter i3 divided into two sections. In Section 7.1, we make several general observations
. aboutthe case studies from Chapters 3 and 4. In Section 7.2, we discuss the ways in which the

proposals described in Chapter5 could be combined to address the issues raised in Chapter2.
We also suggest directions for development of enhanced software to support transmission

• planning.

7.1 Generalizations From the Case Studies

In this section, we describe three general issues:

1. the limited treatmentof transmissionin most utility integrated resource plans;
2. the tensions between regulation and competition; and,
3. the issue of private information.

The limited treatmentof transmission in most of the integrated resource plans described in
Chapter 3 is in contrast with the detailed analysis of individual projects that takes piace for
certification of the lines as described in Chapter 4. Even the more detailed analyses of Niagara
Mohawkand PG&E's Delta Project takepotential constructionplans as given, with well-defined
costs and benefits. Some amount of approximationand simplification is to be expected in an
overall plan and so it is natural for the analysis of individuallines to be in greater detail than
the analysis of transmissionin an IntegratedResource Plan (IRP). However, in several cases
in Chapter 4, the economic analysis of the line or proposal changed fundamentallyover the
course of the regulatory proceedings. If the lines had been partof an integrated resourceplan,
then the changes in the economics of the lines may have seriously changed the economics of the
whole IPP.

For example, changed in-service dates and changed assessments of benefits and costs of
transmission could reasonably be expected to affect the timing of other resources. In the case
of Kramer-Victor, the delays in siting of necessary transmission have seriously affected the
financial viability of Luz and Cal Energy, which would in turn affect assessments of the

. contributionsof these qualifying facilities (QFs) to generation. In contrast, in the IRPs analyzed
in Chapter3 transmissionis accorded a secondary role.

We next turn to the tension inherentin transmissionplanning due to regulation and competition.
Under traditional rate of return regulation, profit-maximizing transmission-owning utilities
(TOUs) have two apparentlyconflicting desires:
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1. according to Averch-Johnson analysis(Averch and Johnson 1962), profit
maximizationencourages them to over-invest in capital to the extent that it can be
raw-based, while,

2. to limit competitionfrom indel_ndent producersand other utilities in the generation
sector, the utilities are motivatedto undersupplytransmissionservice, even if there
is excess capacity available.

As we have demonstratedin the Kramer-Victorand California-OregonTransmission Project
(COTP) case studies, these goals are not necessarily incompatible:

• In Kramer-Victor,Southern California Edison (SCE) obtainedcertification to invest
in and ratebase considerable transmissionin excess of that needed by Luz and Cal
Energy, but also limited the participationand ownership of lines by Luz and Cal
Energy.

• In COTP, it is possible that the Pacific Intertiecapacity could have been increased
muchmore economically by expansionremote from the Pacific Northwest, while the
investor-owned utilities (IOUs) wantedto limit the Pacific Intertiecapacity owned by
competitors.

These examples illustrate the potential problems in a regulated monopoly interacting with
unregulated participants or participants bound by different regulatory constraints. The
Duquesne/GPUpro_ct also combines elements of regulated and unregulatedventures. Perhaps
surprisingly, the contractualarrangementsof the Duquesne/GPU projectmay be able to avoid
some of the institutional conflict that has arisen in the CaliforniaCase Studies.

Secondly, we discussinformationasymmetries. In DPV2, and to a lesserextent K-V, regulatory
proceedings relied on considerable informationthat was private to the utility and which only
gradually, if ever, became public knowledge. The issue of private information has been
emphasized throughout this report and its resolution is central to the successful treatmentof
transmission.

7.2 Potential Solutions and Suggestions

The initiatives summarized in Table 5-1 are ali potential candidates for solving the problems
raised by the case studies in Chapters3 and 4. None of the initiatives address ali the issues;
however, combinations of several of them could collectively address them all. A promising
model is the Wisconsin Advance Plan (WAP), but the success of the WAP depends on:

1. comprehensivejurisdiction in Wisconsin; and,
2. relatively equal competitive positions among the utilities that effectively discipline

them to truthfullyreveal their characteristics.
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The PublicService Commission of Wisconsin's (PSCW's) comprehensive regulatorypower has
enabled it to set up a planning process that can, in principle, incorporate ali issues while
balancing protagonists' interests. Furthermore, there is possibly enough equality between
individualWisconsin utilities so thatcompetitioncan discipline their submissionsto the PSCW.

However, the PSCW's regulatory power should be strongly contrastedwith, for example, the
. regulatory jurisdiction in California, where only IOU participationin transmission projects is

regulated. Direct applicationof many aspects of the Advance Plan process in statesother than
Wisconsin would therefore require changes to laws. The structureof the Vermont Electric

, Transmission Company (VELCO) company or voluntaryassociations such as the Large Public
Power Council (LPPC) or the Western Association for Transmission Systems Coordination
(3_ATSCO) may be a viable alternative for embodying the Advance Plan principles, while also
avoiding the need for legislative changes.

The information issue is more problematic. In the case of Wisconsin, the Wisconsin utilities
have pooled their collective knowledge of system loadflow and generation data pertaining to
Wisconsin and most of the rest of the Midwest in order to facilitate transmissionstudies. While
each Wisconsin utilitymightindividuallywant to restrict_s to informationabout its system,
the discipline of multipleprotagonists of approximatelyequal size end expertise helps to reveal
the information needed for the WAP process.

In a transmissionmarketsuch as California, however, there are several large players competing
with much smaller utilities such as publicly owned municipal utilities (MUNIs). The MUNIs
may not have sufficient resources to review IOU submissions for veracity and to participate in
joint planning. In the presence of information asymmetries it may be difficult for a MUNI to
translate its feeling that it is being unfairly treatedinto a verifiable complaintto the regulators:
in the case studies in Chapter 3 there are several examples of the difficulty in obtainingtruthful
revelation of costs and benefits from the IOUs, both due, apparently, to deliberate strategic
manipulationsand also simply because there is so muchdata involved in assessing transmission
capacity.

The Wisconsin Advance Plan model may therefore be more applicable at the inter-regional
planninglevel, where each region could pool enough resources collectively to perform adequate
technical studies of inter-regional transmission. We argue that competing regional interests
would possess enoughresources to perform inter-regionalanalyses thatwould discipline submis-
sions to a planning body. The main concern of an inter-regional planning body would be to
provide adequate inter-regional transmissioncapacity, while avoiding majorover-spending on

- capital projects. A voluntaryinter-regional association, such as WATSCO (WATSCO 1991),
or a company, along the lines of VELCO, could provide a forum for this planning without
significant legislative changes and without ongoing litigation over transmissionaccess.

At the intra-regionallevel, we agree with the Federal Energy Regulatory Commission (FERC)
Transmission Task Force Report (FERC 1989) in suggesting that slight over-building of
transmissionmay be a small price to pay for competition in generation. This would mesh well
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with an intra-utility resource acquisition framework such as PG&E's multi-attributebidding
framework, which, we have argued, functions best in the presenceof some excess transmission
capacity. Furthermore,issues such as transmissionaccess for independentpower, which arenot
prominent in the Advance Plan Process, could be resolved through a framework such as
PG&E's.

Summarizingthese observations, the role of transmissionassociations and companies, and of
regulation would be restrictedto two areas:

1. prevent major over-buildingat the inter-regional scale, and,
2. encourage minor over-buildingat the intra-regional scale, both between utilities and

within a given utility's transmission network to accommodate transmission
transactions.

We propose that large transmissionprojects would be evaluatedby a regional association in the
same way as the WisconsinInterfaceStudy. Problemssuch as externalities would fall naturally
within the compass of a regional planning body. Intra-regionalplanning could be pursued to a
great extent under existing state regulation; however, to solve issues such as asymmetric
regulatoryconstraints, legislative changes would be requiredin some states.

Several issues remain that seem problematic, including optimal network expansion planning
considering economies of scale and uncertainties in growth. The large-scale transmission
planning software models we have reviewed approximatenetwork expansion by assuming that
lines are radial and by ignoring economies of scale. The reason for these approximationsis
ultimately the complexity of optimal network expansion, both computationally and because of
the information burden it imposes, particularly as regards future demand and generation
scenarios. While there is considerable theoretical work on optimal network expansion, there
does not seem to be any commercial software with this capability. The industrycould benefit
significantly fr,._mpractical software that performed true network expansion planning that
consideredeconomies of scale. Buildingblocks for this softwarewould be better techniques for
characterizing transmissionsystem capability such as discussed in (EPRI 1991).

Uncertainties in futureload growth provide special challenges becauseof the riskassociated with
takingadvantage of economies of scale. One way to ameliorate the risk due to futureuncertain-
ties in network expansion is to delay commitments to new incremental transmission by
temporarily increasing transmission capacity through technology such as 'Flexible AC
Transmission' (FACTS) (EPRI 1990). FACTS technology can be used to temporarily increase
the transfer ratings of existing lines. Its advantages include:

1. it can be relocated in a system as requirements change, and,
2. it can be added in relatively small incrementswithout sacrificing economies of scale.
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Temporary needs for increased transfer capacity can be accommodated without large
construction;instead, only the costs of:

1. rental of FACTS equipmentmatched to the increased needs,
2. capital for minor facilities to connect the FACTS equipmentto the network, and,
3. higher losses due to operationof, for example, phase shifters (I-Iaywardet al. 1991),

need be incurred.
Q

If need for inc_ transmissioncapacity is then established in the long-run, transmissionline
, construction can be undertakenand the FACTS equipment moved to another line. Using

FACTS to temporarilyincrease transfercapacities can reduce the risks of uncertain futures by
delaying commitment to large capital-intensive projects.

Widespreadincorporationof FACTS technologyinto the transmissionsystem would significantly
complicate the operation of the system. However, under this proposal, FACTS would be used
judiciously and not as a long-termreplacementfor transmissionconstruction. Its functionwould
be to smooth out the lumpiness of transmissionconstructionand therefore lessen the risk burden
imposed by the economies of scale of transmissionconstruction: "It]heoperating procedures for
alleviating constrainedconditions should not be viewed as permanent, long-term solutions, but
as temporary expedients until system reinforcements can be provided or system conditions
change" (I-Iayward1991).

In conclusion, we observe that significant progress is possible in regulatory treatment of
transmissionthroughuse of proposalsand ideas that are currentlybeing tested. Better software
models would benefit the industrysignificantly. Only with such developments can the potential
benefits of inc_ competition in generation be achieved.
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Appendix
The Economics of Information
and Transmission Regulation

• A.1 Overview

. In this appendixwe analyzeeconomic issues such as informationasymmetrieseconomiesof scale
that were essentially absent from the theory, practice, and software described in Chapter5. In
Section A.2, we first address the fundamentalneed for planning and regulatory oversight in
transmission. In Section A.3, we review some of the economic literature on wheeling and
evaluate treatmentof these issues. In Section A.4, we examine the literatureon information
asymmetry. In Section A.5, we investigate the trade-off between potential gains from IPP
competitionin the generationsector and potentialcoordinationlosses due to missed opportunities
to exploit economies of scale in transmissionconstruction.

A.2 Market Forces and Natural Monopoly in the Electric System

In a classical marketplace, decentralized decisions are made independently by participants.
Under suitable conditions on the structure of the economy, classical economies can be shown
to achieve welfare optimal allocations of resources without intervention by regulation and
without deliberate coordinationbetween participants(Varian 1984).

In contrast, the electricity system is heavily regulated and we saw in Chapter5 that sophisticated
centralized models are used to analyze transmission operation and planning. The standard
justification for such regulation is that the industryis a naturalmonopoly. We will try to offer
a more detailed explanation for the possibility of market failure in the electric system, while
noting carefully the arenas in which market forces can be expected to function weil. We will
consider explicitly some of the issues thatwe raised in Chapter2.

Various theoretical work has been devoted to the notionthatnaturalmonopolies will not achieve
welfare optimal investments and allocations of resources in the absence of regulation(Berg and
Tschirhart 1988, Brown and Sibley 1986, Crew and Kleindorfer 1986). The first question to
be asked, therefore, is whether the electric system and transmission, in particular, is a natural

• monopoly.

Recently, the economies of scale of generation have been essentially exhausted and it has been
• asserted thatthe generation sector is no longer a naturalmonopoly. To the extent that different

sectors of the electric system cen be analyzed separately, it is then possible to consider a
generation 'market,' while also treating transmission and distribution as regulated monopoly
services (Green 1990). As we have argued, there remains significant economies of scale in

133



transmission, which in standardnaturalmonopoly theory would justify regulation even in the
absence of regulationin the generation sector.

Unfortunately, there is a weakness in typical applicationsof naturalmonopoly theory: it does
not consider the possibility that a capital-intensivefacility, experiencingeconomies of scale, can
be owned jointly by competitors. That is, while economies of scale are a technological
characteristic,ownership, and hence monopolypower, is an entirely contractualcharacteristic.

Although the practicality of joint ownership may be debatable in, for example, a traditional
factory, in network technologies, such as telecommunications and electric transmission, joint
ownership is becoming increasinglycommon at the inter-regionallevel. Consider, for example,
undersea cables and satellites, which are often built, owned, and operated as joint ventures
between international parmers.

Stalon (Stalon 1991b)goes furtherand points out that individual lines should not be considered
in isolation, but that instead the three regional transmissionnetworksin the United State are the
three relevant 'facilities.' Under this view, each facility is already jointly owned, although most
individuallines are owned and operated by individualutilities. While agreeing with Stalon, in
principle, we will focus on the joint ownership of individuallines by multiple parties.

The Duquesne/GPUjoint venture and the California-OregonTransmissionProject (COTP) are
examples of large jointly owned transmission projects with significant economies of scale in
construction. The owners could potentially compete to sell transmissionservice on the lines to
third parties: as noted in Section 4.5, an auction will be used to allocate one-thirdof the capacity
of the Duquesne/GPU line and a secondary market may arise for this capacity.

With such joint ownership, the natural monopoly status of transmission becomes moot.
Although one 1500 MW line is cheaper than three 500 MW lines, it is not clear that single
ownership offers significant operational efficiency advantages over multiple ownership. We
assert that the potential for competition in a secondarytransmissionmarket may invalidate many
of the basic conclusions of natural monopoly theory applied to operation of transmission
facilities, if joint ownership of large facilities is encouraged by marketstructureand regulation.
The effect of secondary markets is discussed in _ERC 1989).

In contrast:

• the economies of scale and lumpiness of transmissionconstruction, and,
• economies of scope and externalities of transmissionoperation,

dictate that construction decisions be coordinated to achieve optimal transmission planning.
Furthermore, there is potential for unsustainability in construction. While a pricing
mechanism--perhaps with special treatment for economies of scope and externalities--might be
used to allocate capacity between transmissionconsumers once the capacity is built, the planning

134



and design of a largejoint venturerequires sophisticatedcoordinatedplanning. We have argued
that the operationsand planning must also be jointly optimized.

In contrast, we have seen in Chapter5 that the planning tools ignore lumpiness, economies of
scale, and most externalities. We have argued thatthese issues are the basic reason for adopting
sophisticated centralized planning models over decentralir_ planning, yet these issues are
missing from these models. This is not to say that the software models are not themselves
sophisticated, hut instead thatthe fundamentalproblems are difficult to solve. It is clear that
these models could be significantly improved throughthe incorporation of these features.

A.3 Survey of Economics Literature on Wheeling

The first paper we consider is Hobbs and Kelly (1990), which focuses on non-firmtransmission
markets. Their work indicates that long-term strategic decisions concerning construction may
defeat a policy, such as market pricing of transmission access, that encourages short-run
efficiency. The basic reason is that the monopoly wheeler may choke off demand by limiting
constructio,: the issue here is the inte_lay of short-termtransmission access and long-term
transmission pinning. As we have remarked above, the possibility of joint ownership of
transmission facilities may ameliorate this problem.

Hobbs and Kelly then observe that if the 'cost' of encouraging wheeling is remuneration for
wheeling above cost, then this cost may be much smaller than the gains of trade (Hobbs and
Kelly 1990). They then propose that a 'split-savings' rule may be adequate for this pur"Fose.
This rule allocates to the wheeler a proportion of the gains of trade, based on the differeI_cein,
for example, short-runmarginal production costs between the seller and wheeler and _tween
the wheeler and buyer. Such a rule will encourage efficient utilization of the system, but also
encourages efficient planning, Hobbs and Kelly argue.

If)here are transmission limits; however, consideration of only/the marginal costs of generation
may not efficiently allocate scarce transmission capacity. In other words, some consideration
must be given m transmission congestion. Einhorn (1990) argues that short-run marginal-costs
are difficult for regulators, buyers, and sellers to verify if they include congestion costs. That
is, a split savings rule, including transmission congestion costs, would be difficult to implement:
while split savings would encourage transmission access if protagonists reveal their true marginal
costs, in practice the information asymmetry allows considerable gaming and loss of welfare,
particularly if regulatory intervention is involved. We have argued that when competing

" protagonists have approximately equal technical expertise, it may be possible to assert that
competing analyses will discipline the revelation of marginal-costs in a market.

_t

Einhorn instead proposes that regulators "specify two prices, a fixed price for reserved wheeling
demands and a price ceiling for nonfirm...Subject to [this ceiling], the wheeler may design one
nonuniform price schedule for nonfirm wheeling. Four advantages consequently arise. First,
the possibility of long-run profits may afford wheelers the economic incentives to open up their
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transmissionnetworkand providewheeling service...Second, regulatorsdo not need to establish
prices based on short-run marginal costs or to attempt to ensure that wheelers minimize
costs...Third, wheelers do not modify their price schedule to meet instantaneousvariations in
the buyer's demandparameter...FinaUy,a profit-maximizin_wheeler will haveincentives to size
transmissioncapacityas efficiently as would a welfare-maximizingwheeler with the same degree
of price flexibility" (Einhorn 1990).

Einhorn's analysis is attractive in that it considers the information issues in the context of
wheeling and derives a policy that requires minimal regulatory oversight. Unfortunately,
Einhorn's model suffers from several drawbacks. They are the following:

1. The model of demand for wheeling is that at any time t, the demand for wheeling
is a random parameter i(t) drawn from a distribution F that is independent of t.
However, it seems that a more realistic model would have F parametfizedby t : in
fact, a completely deterministic model, with i a deterministic function of t, might
be a much better descriptionof actual diurnaland weekly demand for wheeling than
Einhorn's unrealisticmodel, in which the time of the peak and off-peak demands are
uniformly distributedover time.

2. The analysis derives a non-uniformprice schedule for a single wheeling customer and
does not indicate how to generalize to multiplecustomers. Secondarymarketsmight
defeat non-uniform prices.

3. In common with most of the work on information asymmetry, and to be discussed
in more detail below in Section A.4, Einhorn assumes away uncertainty(as opposed
to risk (Knight 1964)), by positing known probabilitydistributions.

4. In common with most of the pricing literature, the analysis ignores lumpiness and
economies of scale in transmissionconstruction.

It may be possible to remove some of these difficulties by modifying the analysis; however, the
assumptions seem to be at least as difficult to satisfy as the assumption of approximately truthful
revelation of marginal-costs requiredfor operation of split savings rules.

We now turn to a paper by Green (1990). This work is interesting because it reflects on the
FederalEnergyRegulatoryCommission(FERC)TransmissionTaskForce's commentary (FERC
1989) about deregulating the generation market, while keeping transmission regulated. Green
warns that regulating one or the other of the wheeling price or the final electricity price may
lead to lower welfare than a 'regulatory bargain,' whereby a utility agrees to curb its prices in
one market in return for laxer regulation in the other. The results depend heavily on the
structureof the cost functions and we can gain no firm conclusions without further empirical
studies.

B
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A.4 Survey of Economics Literature on Information Asymmetries

We have observedthatapproachesto transmissionplanningsuch as the Wisconsin AdvancePlan
process would produce desirable results if the technical informationpossessed by the various
protagonists was public knowledge or, at least publicly verifiable. We have noted that
transmissionpricing access rules such as split savings would also have desirable characteristics

. if marginal costs were truthfully revealed. Software tools, such as the ones described in
Sections 6.4 and 6.5, implicitly assume that all the necessary information is available and
accurate. The levels of welfare calculatedby these methods can only be achieved in the absence

" of information asymmetries.

In contrast, because the protagonists in the transmission system possess private, essentially
unverifiable, informationit is their prerogative to misinform, so long as the misinformationis
consistent with any publicly known information. In general, we can only expect truthful
response if truth is in the best interest of the respondent. For example, in some circumstances,
competitive discipline can be used to reveal this information. A policy that induces truthful
behavior is called 'incentive compatible' (Greenand Laffont 1977, Groves and Ledyard 1987).
Such a policy will generally induce lower welfare than optimistically implied by analysis that
ignores information asymmetries.

In the last couple of decades, a large body of researchhas developed on incentive compatibility.
Some very interesting results have emerged, most notably, the 'revelation principle.' To define
this concept, we first define an 'allocation mechanism' to be a set of rules that specify questions
to be asked of participants and the allocation decisions to be made based on each possible
response (Harris and Townsend 1981). The revelation principle states, roughly speaking, that
the actual performance of any allocation mechanism--including welfare losses due to
misinformation--can be matched by a mechanismin which:

1. each participantis asked to give a complete, though potentially inaccurate, reportof
its private information, but,

2. it is in the best interests of each participantto truthfully report the private informa-
tion (Green 1984).

In other words, while participantsmay choose to misinform, it is in their best interests not to,
when faced with such a mechanism. The mechanism is referred to as a 'direct mechanism.'

The revelation principle has theoretical value as a standard against which to compare
" mechanisms used in practice; however, as Greenremarks: "[r]ecentlyit has been suggested that

the revelation principle may serve as a practical basis for the design of particularinstitutions
. such as auctions or regulatory procedures" (Green 1984). As Green observes, a significant

problemwith this approachto designing mechanisms is that giving a 'complete' report of private
information would be an enormous undertaking. In the electric transmissioncontext, every line
impedanceand every thermal and stabilitylimit, all generatorcommitment and dispatch data and
ratings, and ali other power system parameters would have to be reported. The California
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Public Utilities Commission's (CPUC's) Orderon Models requires disclosure of 'alidata used
in analysis of transmission,but it remains to be soonif the amountof informationinvolved can
be usefully processed by the parties involved.

A naturalalternative approach is to try to develop a version of the revelation principle that
applies for 'summaryinformation' (Green 1984), for example, correspondingto the revelation
of, say, excess capacity between certain pairs of buses. This is the type of information
revelation mandated by FERC in the PacifiCorp merger as 'Remaining Existing Capacity'.
Green then points out, however, that except for special and unrealistic cases, the revelation
principle cannot be applied to obtain truthful revelation of summaryinformation.

A furtherpractical limitationto the revelation principle is that finding a direct mechanism (as
opposed to provingits existence), involves the solutionof anoptimizationproblem. Satisfactory
characterizationsof the solutions have only been developed in very restrictive cases, such as
"whenprivate information is representedby a state space which is either a finite set or a one-
dimensional continuum" (Green 1984). This is a very serious limitation; however, "[t]he
simplifying assumption that states are somehow naturally ordered along a one-dimensional
continuumis ubiquitousin the incentives literature" (Green 1984).

Another avenuein the informationasymmetryliterature, whichhas potential in the transmission
context, is auditing(Baron and Besanko 1984b). In this approach,an assessment is made, on
the basis of a priori information as to whetheror not the response to a question is truthful. If
deemed untruthful, the participantis auditedwith some positive probability. Costly auditing is
assumed to be able to reveal the true answer, and if the respondent has misinformed, a
punishmentis levied. A related avenue is the partialverification literature (Greenand Laffont
1986, Singh and Wittman 1988), where it is assumed that large deviations from truthful
responses are easily detectedby the regulator.

Unfortunately, and as with the machinery developed around the revelation principle, it is
necessary to have good apriori informationaboutprobabilitydistributionsof privateparameters.
We can interpret this assumptionas meaning that, although the values of randomparametersare
unknown to the regulatorat the time of any particular regulatory decision, the values become
known after the fact so that probability distributionscan be compiled relatively costlessly over
the long term. In the long term, then, these statistics can be used to estimate the a priori
probabilitydistributions for parametersin future regulatory decisions.

Clearly, there is a fundamentalcontradictionbetween the need to have good a priori probability
distributions and the assumption of costly auditing:by definition, a regulator cannot costlessly
compile the probability distribution of private parameters about which it has no direct
information except through active and expensive auditing. In fact, we have argued that
transmission parametersare closely held proprietaryinformation that are costly for regulators
to audit both before and after the fact.

138



In general, the acquisition of a priori probabilitydistributions is not explicitly modeled in the
information literature, so that, following Knight'sdistinction, while there is risk associatedwith
these models, there is no uncertainty(Kvight 1964). This criticism applies, of course, to ali
Bayesianapproaches but may be amelioratedin a continuingrelationshipconsistingof repeated,
similar events such as described in (Baron and Besanko 1984a). Repeated contracting for
transmission access would come into this category; however, long-term contracting for firm
access may not.

The problemof informationasymmetrybetween protagonistsis ongoing and unsolved at present.
. It is not surprising that the theory, practice, and softwaremodels described in Chapter 5 do not

treat informationasymmetry.
i

A.$ Co-ordination Losses in Transmission Planning Under
Competitive Generation Supply

Introduction

In this Appendix, we pursue some of the consequencesof the inherently complex cost structure
of electric transmissionin a setting of competition for generation supply. The complexity arises
from economies of scale, lumpiness, and reliability criteria. These important features of
transmission technology are typically down-played in classical economic analysis but will be
emphasized here. We will argue that, even in the simplest of cases, the social planning problem
for transmission network expansion has considerable computational complexity making it difficult
to understand even in the presence of full information. In practice, information asymmetries are
substantial. They raise two problems: the potential for strategic use of information and the
potential for losses in coordination economies.

While recentproposals for utility resourceacquisition throughauctions mitigate the first problem
to a great extent (Shirmohammadiand Thomas, 1991), the second problem remains. Losses in
coordination economies can occur because the locationdecisions of private generators may not
be known by the utility in sufficient time to plan networkreinforcementsoptimally. Under these
circumstances, generators may be interconnected'one-at-a-time' through radial extensions that
are collectively moreexpensive thanjointly planned networkexpansions. The privategenerators
do not know the optimal transmissioncapacity expansion plan since they do not know the cost
function. The utility does not know where the new generation will be located, so it cannot plan

, optimally even knowing the cost function.

With greater coordination of transmission plans, there is an opportunity to realize scale
. economies. Unless siting,locations are known with sufficient advance notice, however, these

scale economies will be lost. Nevertheless, we will argue that the coordination losses are
usually outweighed by benefits in competition, but that in some cases the transmission
coordination losses are too large for competition to be beneficial.
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In section 2, we characterize the transmission capacity cost structure including economies of
scale, lumpiness, and reliability issues in transmission technology. In section 3, we analyze
expansion of a hypothetical transmission network. We use an example, based on the physical
structure of Kramer-Victor case, representing the simplest possible network configuration, and
formulate the cost minimization problem for this case in the presence' of full information. In
section 4 we consider the problem faced by the regulator of an electric utility who has limited
information. We estimate the extent to which benefits from competition in the generation ,.
segment offset coordination losses in transmission planning, and what determines the trade-off.
Broadly speaking, competitive benefits dominatecoordination losses for bascload generation and,
depending on relative interconnection costs, for some intermediate generation.

Transmission Cost Characteristics

In this section, we describe the issues of economies of scale, lumpiness, and reliability in
relation to electric transmission technology.

Economies of Scale

Classical economies of scale are describedby a cost versus capacity curve whose average costs
are decreasing. Transmission 'cost' should be interpreted as the cost per unit length.
Transmission'capacity' shouldbe interpreted as the 'thermal' capacityof the line, in megawatts
(MW), say. Thermalcapacity is definedto be the maximumpower that canbe transmittedalong
the line without causing accelerated aging of the line. We ignore a number of other engineering
factors that enter into the definition of transmission capacity and further complicate the cost
structure,sm

Lumpiness

The classical economic notion of economiesof scale applies to a technology that is continuously
divisible. The capacity of electric transmissionlines is not well described by this assumption
because the capacity of electric transmission facilities depends, among other things, on the
operating voltage of the line. Operatingvoltages are standardizedinto a small numberof widely
spaced levels, so that the capacities are typically available only in discrete lumps. We will
consider the case where two voltage levels, 115 kilovolts (kV) and 220 kV, say, are candidates
for construction. Figure 1 shows the constructioncosts versus capacity at these two voltage
levels. Although the costs are in fictitious money units and the lengths are in fictitious distance
units, the ratios of costs are representativeof the data in (EPRI, 1986; Kelly et al., 1987).

t

asFor example, issues such as losses, reactivepower, surge impedance loading, and emergency ratingsof the
line will be ignored in this paper. These concepts are described in detail in (Stoll, 1989).
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At any given voltage level, it is standardpractice to build towers to supporteither one or two
sets of transmissionlines. These arereferredto as single-circuitand double-circuitconstruction,
respectively. The capacity of double-circuitconstructionis approximately twice that of single-
circuit construction;however, the costs of double-circuitconstructionare considerably less than
twice the costs of single-circuitconstruction. Consequently, along a given corridor, the first,
third, fifth, etc lines have approximately the same costs, while the second, fourth, sixth, etc

• lines, if built using double circuit construction, have a lower cost. This gives rise to the
alternating staircase cost characteristicin Figure 1. Assuming that all construction must be
either at 115 kV or 220 kV, the minimum cost of thermal capacity is shown by the lower

• envelope of the two cost characteristicsin Figure 1.

Figure 1 illustratessignificant economiesof scale, butalso reflects the lumpinessof construction.
Lumpiness with economies of scale produces average costs that vary significantly as capacity
changes, even at high levels of capacity. This should be contrasted with lumpiness in the
absence of economies of scale, where at high levels of capacity the variation in average costs
is only a relatively small perturbationabout an approximatelyconstant level. The average costs
of the capacity in Figure 1 vary by over fifty percenteven at high capacity levels. A classical
smooth representationof the cost of capacity is a poor representation of the real costs, but is a
convenient simplification (Scherer, 1976).

Reliability Criteria

The thermal capacity ratings shown in Figure 1 stilldo notprovide enough information to design
a transmission system. Transmission lines occasionally fail. To prevent failures from
overloading other lines, it is standardpractice to design transmission systems according to the
'N-1 criterion.' (Stoll, 1989). This criterion requiresthatafter failureof any one of the N lines
in the system, load can still be served without overloadingany of the remaining lines past their
emergency ratings. For simplicity, we will assume that the emergency ratings of the lines we
consider are the same as the thermal ratings.

In general, to verify that the N-1 criterion is satisfied, 'loadflow analysis' (Bergen, 1986;
Stevenson, 1982) must be performed for each possible outage of a line in the system. For real
networks thiscan be computationallyintensive. In this paper, for the sake of simplicity, we will
mostly be concerned with corridors of parallel, identical lines. In this case, failure of one line
will cause the flow to redistribute evenly amongst the other lines. Therefore, in the absence of
other means to supply load, the N-1 criterion requires that the flow down a corridor be no
greater than the thermal capacity of the numberof fines in the corridor minus one.19 We will
call this the 'reliable' capacity of a corridor.

t9This simplification appliesonly to corridorsof parallel identical lines. In general, a corridormay consist of
different types of lines, or two points can be joined by lines along several different paths. In this case, loadflow
analysis is usmdly necessary to determinewhether the N-I criterionis satisfied.
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Figure 2 shows theconstructioncost versusreliablecapacityat 115 kV and 220 kV respectively.
The minimum cost of reliable capacity is shown by the lower envelope of the two cost
characteristicsin Figure 2. Note thatthese costs apply for de nero construction: for example,
it is not possible to startwith 115 kV constructionand achieve a higher capacity at 220 kV for
the incrementalcosts implied in Figure 2.

In contrast, consider the case where a line is added to reinforce an existing corridor of lines.
Assume that ali lines have the same voltage. Suppose that the existing corridorsatisfies the N-1
criterion. To a first approximation,adding capacity will increase the reliable capacity by the
added therma/capacity. Therefore, the cost of adding capacity, at the same voltage, to an
existing reliable corridor is the cost of incremental thermal capacity, as shown by the lower
envelope in Figure 1.

In summary, incrementalcapacity costs depend on the level of existing capacity in the network.
We have described two types of capacity. In the next section, we will illustrate these types of
capacity with a transmissionplanning example. We note that in a real network the effects of
'reactive power' (StoU, 1989) and network externalities make the effective cost of capacity
highly dependenton knowledge of the existing capacity in the system.

Example Planning Problem

In this section we characterizewhat we take to be the simplest possible transmissionplanning
problem. It involves a choice between 'radial' interconnectionand 'network' reinforcementfor
a generation source that is remote from the existing grid. The complexity of the problem
involves the coordinationof transmissionplans for the remote source with plans for generation
expansion at a location that is already connected to the grid. We describe the situation
qualitativelyin subsection3.1, formulate the cost minimizationproblem formally in subsection
3.2, and describe features of the solution in subsection 3.3.

Description

Figure 3 shows a simplified hypothetical transmissionsystem. It similarity to Figure 4-3 is not
accidental. We abstract from the particularfeaturesof the Kramer-Victorcase in the following
manner. Node K is an existing center of generation joined to V, a load center, by a corridor
of 115 kV and 220 kV transmissionlines. The corridor satisfies the lq-1 criterion, but has no
excess capacity. There is growing load at V. There is potential expansion of the generation
capacity at both K and H; however, there is no existing transmission between H and K nor
between H and V.

Q

As discussed in the last section, transmissioncapacity expansion along the K--V corridor will
expand the reliable capacity of the corridor by the thermal rating of the new line. Therefore,
the reliablecost versus incrementalcapacity curve for the corridoris representedby the thermal
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cost dataof Figure 1. New transmissionexpansion along the H--K or H--V routes, however,
has a reliable capacityversus cost curve as in Figure 2.

Because of the costs of incrementalcapacity, it is reasonableto assume that increasedgencration
at K shouldbe accommodatedby increasedcapacity along the K--V corridor. Although it adds
to the existing 'network,' we will think of this expansion as 'radial' since it does not introduce
anyloops into the transmissionsystem. For generation constructedat H, however, there are two
basic alternatives:

. 1. Direct constructionalong the two unit long route from H to V, which we also refer
to as 'radial' expansion, or,

2. Constructionalong the one unit long route from H to K, interconnectionat K, and
construction along the K--V corridor, which we refer to as 'network' expansion.

Despite the networkexpansion being along a longer route, the lower effective reliablecapacity
cost along the K--V corridorcanjustify network expansion over radial. Furthermore,if there
is also expansion of the generationat K, economies of scale can make network expansion much
more attractive than radial expansion.

Social Problem

In this subsection, we formulate the problem of minimizing the cost of transmission expansion
to satisfy fixed generation expansion plans at H and K. The overall social problem is then to
minimize the total costs of generation and transmissionover choices of generation expansion at
H and K. Consistent with the 115 kV and 220 kV transmissionoptions, we assume that the total
new generation at H and K is no more that approximately 1000 MW.2°

Let the minimumcost versus thermal capacity envelope shown in Figure 1 be describedby the
function r(g), while the minimumcost versus reliable capacity envelope shown in Figure 2 be
described by the function R(g), where K is the level of transmissioncapacity expansion. Let the
increasedgeneration at H and K be oHand Gs, respectively; let the increasedreliable transmis-
sion capacity from H--K and H--V be _H-_and/_H-v,respectively; and, let the increased thermal
capacity from K--V be Kt_v.

_eFor generation incrementsgreaterthan 1000 MW, economies of scale would encourage us to also investigate
transmissionconstruction at 345 kV and 500 kV.
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To satisfy transmissionrequirements,we must have:

G,+Ox < Kn.r+ Kx.v,
<

G,, < X,,., .

,e

The first of these constraints ensures that there is enough transmissioncapacity to deliver the
incremental generation at V; the second ensures that there is enough capacity leaving K to
accommodategeneration at K;21while the third ensures that there is enough capacity leaving
H to accommodategeneration at H. The readercan verify thatthese arenecessary and sufficient
conditions for adequate transmission. Otherequivalent sets of constraintsare possible.

The costs of the transmissionexpansion are:

+ .

wherethecoefficientsfollowfrom thelengthsof the transmissionpathsin Figure3 andwhere
the costfunction, r or R, is applicabledependingon whetherthere is alreadytransmission
capacityin thecorridor. For fixedvaluesof Gs andGAr,theoptimaltransmissionexpansionis
givenby the solutionto the followingproblem:

min {2R(Ks_v)+ Vt'_T(Kx.v)+ R(Ks.x):Gs + Gx < K__v+ Kx.v,

KH_, G,, < K,,_, + K,,.J.

Solution

In this subsection, we describe the characteristics of the solution to the transmissionplanning
problem. By our definition of 'network'expansion, for a fixed Gs and G,rthe optimal expansion
involves network construction if and only if Ks.,r • 0. Figure 4 shows whether optimal
construction involves radialor network expansion versus the amountof increased generationat
H and K. Optimalexpansion is always radial if Gs - 0 or if G,r- 0; that is, optimal expansion
is radial if generation expansion occurs at only one of the sites. If there is expansion at both
sites, then optimal expansion is more often network. For Gs + G,c< 1000 MW, optimal
expansion is almost always network.

21We assume thatali generationat K can be thoughtof as flowing along the K--V corridor. This is not true
in general because of 'loop flow;' however, the usumption is innocuous here.
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Figure 5 shows the optimal cost of expansion versus increased generation. The overall social
problem is then to minimize the total costs of generation and transmissionover feasible values
of Gs and G+r. There are large regions in Figure 5 where the marginal cost of incremental
capacity is zero due to the lumpiness of construction. Furthermore, there are large discontinu-
ities in the cost and average cost functions even at high levels of incrementalcapacity, so that
smooth approximations to cost functions assume away the complexity of the transmission
decision process.

The transmissionexpansion costs in Figure 5 is optimal for the given generation expansion at
. H and K. Suppose that, instead, the transmissionneeds for H were determined assuming no

increased generationat K, and vice versa. Then the total costs to accommodate expansion at
both sites are higher. As shown in Figure 4, independentplanningof the transmissionneeds of
incrementalgeneration at H and K win usuatly suggest radial transmission, which will usually
be qualitatively in error compared to the optimal coordinatedexpansion.

Figure 6 shows the percent savings of the optimaljoint plan over independentplanning of the
transmissionrequirementsfor H and K. Over wide rangesof values of 6, and <7r, the optimal
joint plan is considerably less expensive than independent planning. Joint planning to
accommodateexpansionat both H and K often allows a single larger transmissionline to be built
between K and V to take advantage of economies of scale. However, with other network
configurations, independent planning may under-estimate costs due to network effects not
considered in this paper. Independentplanning not only yields plans that are qualitatively
different from the optimal, but also yields costs that differ significantly from the optimal costs.

Due to the lumpiness of construction, there can be 'excess' capacity in an optimally planned
system. If the excess capacity can be used in the medium term for transmittingpower from
subsequentlybuilt generation capacity, then the effects of lumpiness can smoothed; however,
radial transmissionbuilt to access isolatedproducersmaynot be easily marketable. Historically,
it has been assumed that excess capacity will be used eventually as the system grows. In the
presence of fast anticipated growth, the economies of scale and long-life of transmissioncapital
therefore dictate overbuilding relative to currentneeds. This has been the rule of thumb in
transmission planning; however, if transmissioncosts are assigned to third parties, they may be
unwilling to pay for overbuilding relative to their minimum needs (Hunt, 1992). Furthermore,
historical rates of load growth may no longer be sustainable.

In summary, economies of scale and the reliability criterion significantly influence planning by
making network expansion relatively cheaper than radial. In the planning of real transmission

- networks, the choices are often between many more than two possible expansion options since
the network is usually much more complicated than in our simplified example. There may be
some excess capacity already in the network, making the incremental capital costs of increased
loading essentially zero. In practice, characterizingthe incremental cost function is much more
difficult than described in our example. In the next section, we will explore the ramifications
of this social planning problem for a regulator.
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Regulatory Problem

Theregulator'sproblem,narrowlyconstrued,is to setupconditionsthatwillachievethe welfare
optimaltransmissionplan,or close to it, in the faceof the limitedinformationthe regulatorhas
concerningcostsandexcess capacity. Morebroadly,this objectivemustbe tradedoff against
otherpossibilitiesfor minimizingthe cost of electricity. In the followingtwo subsections,we
focus on the joint costs of generationand transmissionexpansion,consideringthe cases of
verticalintegrationandpartialverticaldisintegration.In subsection4.3, we characterizethe
conditionsunderwhichthebenefitsof competitionin generationwill outweighthe coordination
losses in transmission.

VerticallyIntegratedUtility

Undervertical integration of the electricutility industry,the utilityplans both generationand
transmissionexpansion. Becausethe utilityis awareof its potentialgenerationopportunities,
there is usuallyampleopportunityfor the utilityto coordinateand optimizeits generationand
transmissionplans. In termsof the problemformulatedin section3, the utilitycanoptimizethe
generationand transmissionplanwith full information.Theoptimalsolutionmayinvolvesome
excess transmissioncapacitydue to scaleeconomiesand lumpiness. The regulatorfaces the
traditionalproblemunderverticalintegrationof motivatingthe utility to optimizeits capital
planning,havingonly limitedinformationaboutcosts. This problemhas beentreatedat great
length in the public utility economics literature (Berg and Tschirhan, 1988; Crew and
Kleindorfer,1986).

PartialVerticalDisintegration

The planningproblemis exacerbatedin a partiallydisintegratedindustry. This situationis
becomingmore typicalas utilitiescontractwith independentpowerproducersand qualifying
facilities. Underpartialdisintegrationthe regulatorhastheopportunityto drivedownthe price
to the ratepayersthroughcompetitionin the generationsegment. Since the cost of generation
is often substantiallygreaterthanthe cost of transmission,smalleconomiesin generationmay
outweighcoordinationlossesin transmissionplanning.Forthisreason,there is strongpressure
awayfromverticalintegrationin electricity. It is notclear,however,how far the competitive
pressurein the generationsegmentshouldbe pushed.

As indicated in the introduction,the informationneededto perform the calculationof the
transmissioncost functionis usually underthe exclusive control of the utility owning the
network. Information asymmetries between the utility and independentproducer over
transmissioncostsand capacitiesconfermarketpowerto the utility. Recentproposalsrequiring
that utilitiesreveal transmissioninterconnectioncosts to private generatorsprior to formal
competitivebiddingmitigatethis problemto a substantialdegree. However, the disclosure
typicallyinvolvesestimatesof the radialinterconnectioncostswith the utilityperformingdetailed
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networkplanningonly after the bids have been acceptedand contractssigned (Shirmohammadi
and Thomas, 1991).

The problem then still remains of integrating the transmissionneeds of independentsinto the
long-term transmissionplans of the utility. For example, if the generation additions at H and
K in section 3 are privately owned, the utility may not know how much capacity will be
interconnected at both sites in time _o plan optimally and take advantage of coordination
economies. In contrast, utility plans for generation will be available to transmissionplanners
at a muchearlier stage of development. Large transmissionp_._jectstypically must be certified

. at a public utility commission, necessitating lead times for transmissionprojects thatare as long
or longer than the lead times for generationprojects. Therefore, gains from competitionin the
generation segment may be offset by coordinationlosses in transmission planning.

To attemptto eliminate the coordinationloss, the regulatormightrequirethe utility to investigate
and disclose ali possible transmission expansion plans involving multiple site locations. The
example in section 3 indicates that this task is at a minimumcomputationally challenging. Even
if some limited approximationto it were available, the regulatory outcome might still not be
desirable. Suppose the utilitydoes disclose information on the potentialeconomies of joint siting
and interconnection. Two bidders might then coordinate their proposals to capture these
economies. The net social economy would not necessarily be reflected in lower prices paid by
utility ratepayers, since collusion between bidderscould capture most of the rent throughhigher
bids for generation.

An appropriate regulatory policy, therefore, involves balancingthe gains from competition in
the generation segment against the potential coordinationlosses in transmissionplanning. We
formalize this trade-off to determine the conditions underwhich the gains from competitionin
generationexceed the coordinationlosses in transmission.

From Figure 6, we observe that, over a wide range of choices of generation expansion, the
coordinationlosses of independentplanningare relatively large as a fractionof the transmission
expansion costs. These losses occur regardless of what type of generation capacity is installed.
We can express the transmission coordination losses as the 9roduct of the percentage
coordinationloss, CL, and the total transmissionexpansion cost, TC.

In contrast, the benefits of competition in generation depend partly on the type of generation
capacity installed. They are typically greaterfor baseloadgeneration, which operates for most
hours of the year, than for peaking generation, which operates for brief periods of time. We

, parametrize the costs and benefits of competition in the generation segment to illustrate the
importance of this effect.

' We express the gains from competition in the generation sector as the product of a percentage
competitive benefit, ¢_,times the cost of generation, GC. The generationcosts, GC, are the sum
of fixed costs, FC, and total variable costs. Total variablecosts are approximatelyproportional
to the numberof hoursper year that it is optimal to operate a particular generator. This optimal
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operatingprofile is determinedby simulation of the power system dispatch (Stoft and Kahn,
1991). We use standardpower industry terminology to describe the operating profile as a
percentage capacity factor, CF. Finally, it is convenient to define a proportional relationship
between variable generationcost and TC, parmnetrizedby a multiplier B. Therefore, the gains
from competitionare a/FC + B.CF.TC] and they exceed coordinationlosses for those capacity
factors that satisfy:

CF > CL/a_- FC/(_.rC).

By estimatingthe parametervalues in the right hand side of this expression, we can gain some
insight into the conditions thatare likely to make competition the desirable regulatory swategy.

Numerical_es

Thereareestimatesofthevalueofa availableintheliterature.The rangeisapproximately
between0.I(Kahn,1991)and0.2(Lieberman,1992).Figure6givesaroughestimateforcn
ofapproximately25% fortheregionGs .o_ < I000MW. Basedon theseestimates,CL/a
isbetween1and3. Thegenerationcosts,GC, areknownapproximatelyasa functionofCF.
In present-value S/kW,

GC(CF) ffi 600 S/kW + CF'4700 S/kW.

This approximationis consistent with avoided cost information used by Consolidated Edison in
a competitive biddingcontext (ConsolidatedEdison, 1990). On thebasis of this parametfization,
FC/(_.TC) ffi 13%. To determine 0, we estimate TC and use the relationship between total
variablecosts and transmissioncosts:/_. TC ffi 4700 S/kW. TC canbe quite variable, depending
upon local conditions. A typical range is, TC = 200--300 S/kW (Pacific Gas and Electric,
1991). A highcost case, such as ConsolidatedEdison, would be TC -- 1000 S/kW. Using this
range of values, we get 20 > B > 5.

The implication of these estimates is the following. For most cases where transmission costs
are small compared to generation costs, competition is beneficial for CF > 10%. This means
that only the 'peaking' technology segment of the marketshould be protectedfrom competition.
In areas where transmission system costs are high, competition should be confined to high
capacity factor (baseload) market segments. For _ = 5 and CL/a = 3, the critical capacity
factor is around50%. In this case, the intermediateload segment of the market may or may not
be a beneficial arena for competition.
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Summaryand Conclusion

Transmission capacity expansion is an essential feature of wholesale competitionin electricity.
The cost structure for this kind of capacity is complex even in what appears to be relatively
simple cases. The utility, as a monopolysupplierof this capacity, has private informationabout
these costs that is very difficult for the regulator or privatesuppliers to auditor verify. Under
vertical integration, the utility can, in principle, optimize the joint costs of generation and
transmissionsystem expansion. Unfortunately, the regulator can never really be assured that
the minimumcost solution has been obtained.

4

The regulatory motivation for wholesale competition in generation is price reduction. The
competitive process for selecting private suppliers must be coordinated with the transmission
impacts of such selection. Bef,.ausethe interconnectionof private suppliersis typically a 'one-at-
time' process, the coordinationeconomies of networkexpansions may be lost. It is practically
infeasible to requirethe utility to disclose the costs of ali possible networkexpansion alternatives
in advance of bidding for generation capacity. Furthermore, pursuing this goal will only
encouragecollusion among bidders. Therefore, the regulatory policy oi' wholesale competition
will inevitably result in some transmissionplanninginefficiencies.

We have estimated the extent of these inefficiencies, compared them to potential gains from
competition, andderived a relation characterizingwhen the balancefavors competition. Broadly
_ng this usuallyoccurs for generationcapacity that is optimally dispatchedin the baseload
or inten_ediate mode. For peaking generation (capacity factor of less than 10%), the
competitive benefits ma: be insufficient. In systems with very high cost tr_',smission, the
optimal capacity factor for competition benefits i_,much higher. We gave an example where it
is approximately50%.

Many of the problems identified here have already occurred to one extent or another in the
private 'dholesale markets. The Kramer-Victorcase is one example. We expect that these and
franchise monopoly that is evolving in the U.S. electricity system.



Figure 1. Cost of thermal capacity, in arbitrary money units per unit length, versus thermal
capacity. Capacity at 115 kV shown by the thin line; capacity at 220 kV shown by the thick
line; minimum costs are given by the lower envelope of the two curves.
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Figure 2. Cost of reliable capacity, in arbitrary money units per unit length, versus reliable
capacity. Capacity at 115 kV shown by the thin line; capacity at 220 kV shown by the thick
line; minimum costs are given by the lower envelope of the two curves.
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Figure 3. Example system.
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Figure 4. Qualitative nature of optimal construction versus generation expansion at H and K.
Constructionshould be networkin white regions, radial in black regions. (Optimalplanningwas

performed for values of Gu and G_ in multiples of 10 MW. The shading of each 10 MW by
10 MW square representsoptimal planningfor the value of (Ou, Gjr) in the bottomloft comer
ofthe square.)
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Figure 5. Optimal costs of transmission versus generation expansion at H and K.
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Figure 6. Percent savings of jointly optimal plan over independent planning versus generation
expansion at H and K.
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