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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:

e expanding the capacity of utility systems, and,
¢ increasing the competition in the generation sector.

There has been growing interest in this subject, accompanied by a substantial policy debate. The
focus of this debate has been primarily at 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 regulatory treatment of issues that are unique to or
ubiquitous in transmission planning and use. We review recent transmission siting cases to
examine how the issues are presented to and resolved by state regulatory commissions and to
provide a perspective for more general discussion of transmission policy. 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
usually assumed that there is adequate transmission to 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 transmission system. Unfortunately, handling difficult and detailed
technical information in settings of conflict can easily lead to opportunism. Regulators and
competitors may be at a serious disadvantage in negotiating or adjudicating specific 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 regulatory and 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 Chapter 2, we define a typology of issues that will 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 IRP involves a very limited role for transmission
issues. These limits are due to the information complexity problem, the regional nature of major
transmission projects (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 all 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 considered by regulatory agen-
cies in our case studies and also issues that may warrant consideration, but which have not
appeared prominently in regulatory discussions to date.

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



transmission. We generically 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 institutional problems in the regulation of transmission planning are:

1. Asymmetric regulatory constraints on different types of entities in the utility industry.
The governance of municipal and 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 distinction between pecuniary benefits, which arise from side payments between
participants, and real benefits; that is, social efficiencies.

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

Effective regulatory oversight can be constrained by the information asymmetries between
regulators and the utilities and amongst utilities. Independent analysis and verification of utility
positions is severely constrained by the limited availability of 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 standards in assessment of transmission capacity.

A second category of transmission planning issues is inherently tied to technology structure or
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

Features
s

Wheeling Access for TDUs
Independent Power

Category

Asymmetric Constraints

Institutional Regulation State and Regional Conflicts

Pecuniary versus Real Benefits

Information Asymmetries

Characteristics Network
Technology Network Negative
Externalities Positive
Synergies
Economies Intertemporal Allocation
Structure of Growth Uncertainties
Scale Unsustainability
Economies of Scope
Decision- Feasibility Operations
Making versus Planning
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
pianning, which makes it difficult to define an optimal expansion plan (see Section 2.4).
Instead, the goal of transmission planning is often feasibility with 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.

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 apparently conflicting 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-Victor and COTP case studies, these goals are not necessarily
incompatible:

¢ In Kramer-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 illustrate 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-Palo Verde 2 (see Section 4.2) and
to a lesser extent Kramer-Victor, regulatory proceedings relied on considerable information that
was private to the utility and which only gradually, if ever, became public knowledge. The
issue of private information is central to transmission.

The initiatives discussed in Chapter 5 are all potential candidates for solving the problems raised
by the case studies in Chapters 3 and 4. None of the initiatives address all the issues; however,
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combinations of several of them could collectively address them all. A promising model is the
Wisconsin Advance Plan (WAP) (see Section 5.3.1), but the success of the WAP depends on:

1. comprehensive jurisdictic~ in Wisconsin; and,
2. relatively equal competitive positions among the utilities that effectively discipline
them to truthfully reveal their characteristics.

The Public Service Commission of Wisconsin’s (PSCW's) comprehensive regulatory power has
enabled it to set up a planning process that can, in principle, incorporate all issues while
balancing protagonists’ interests. Furthermore, there is possibly enough equality between
individual Wisconsin utilities so that competition can discipline their submissions to the PSCW.

However, the PSCW’s regulatory power should be strongly contrasted with, for example, the
regulatory jurisdiction in California, where only IOU participation in transmission projects is
regulated. Direct application of many aspects of the Advance Plan process in states other 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 Western Association for Transmission Systems 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
Wisconsin and most of the rest of the Midwest in order to facilitate transmission studies. While
each Wisconsin utility might individually want to restrict access to information about its system,
the discipline of multiple protagonists of 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 could pool enough resources collectively to perform adequate
technical studies of inter-regional transmission. We argue that competing regional interests
would possess enough resources to perform inter-regional analyses 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 transmission capacity, while avoiding major over-spending on
capital projects. A voluntary inter-regional company or association along the lines of VELCO
or WATSCO, could provide a forum for this planning without significant legislative 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-building of transmission may be a small price to pay for competition
in generation. This would mesh well with an intra-utility resource acquisition framework such
as PG&E’s multi-attribute bidding 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 framework such as PG&E'’s.

Summarizing these observations, the role of transmission associations and companies and of
regulation would be restricted to two areas:

1. prevent major over-building at the inter-regional scale, and,

2. encourage minor over-building at the intra-regional scale, both between utilities and
within a given utility’s transmission network to accommodate transmission
transactions.

We propose that large transmission projects would be evaluated by a regional association in the
same way as the Wisconsin Interface Study. Problems such as externalities would fall naturally
within the compass of a regional planning body. Inter-regional planning could be pursued to a
great extent under existing state regulation; however, to solve issues such as asymmetric
regulatory constraints, 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 approximate network expansion by assuming that lines are
radial and by ignoring economies of scale. The reason for these approximations is 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 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 risk associated with
taking advantage of economies of scale. One way to ameliorate the 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 relocated in a system as requirements change, and,
2. it can be added in relatively small increments without 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

Electric power must be moved from generators to load centers over transmission and distribution
networks. These networks are large, complex, and valuable. They are owned and used by
potentially competing participants. Issues concerning the transmission system are increasingly
important, as utilities and their regulators evaluate options for:

¢ expanding the capacity of utility systems, and,
® increasing competition in the generation sector.

There has been growing interest in this subject, accompanied by a substantial policy debate. The
focus of this debate has been primarily at 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. 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 regulatory treatment of issues that are unique to or
ubiquitous in transmission planning 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 planning issues and to provide a perspective for more general discussion of
transmission policy. 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
usually assumed that there is adequate transmission to achieve any particular plan. 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
exacerbated by conflicts that arise from the increasing competition in the generation sector. This
competition leads to conflicts over the use of the transmission system. Unfortunately, handling
difficult and detailed technical information in settings of conflict can easily lead to opportunism.
Regulators and competitors may be at a serious disadvantage in negotiating or adjudicating
specific 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 regulatory and 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 reminder of how the technical complexity of bulk power
transmission influences decision-making. A common thread in the cases surveyed is the conflicts
among objectives that must be resolved in regulatory decision-making 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 understanding of both the technological 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 divided into three groups in Chapters 3, 4, and 5, respectively. In Chapter
3, we examine the treatment of transmission in four Utility Integrated Resource Plans (IRPs).

Integrated resource planning has traditionally focused on just supply and demand. However, the
transmission system is the link between generation sources and end-use customers, and the
emergence of significant transmission constraints in recent years has prompted several utilities
and State Commissions to consider transmission more explicitly in integrated resource planning.
The utility IRPs considered are: (1) Florida Power Corporation, (2) Nevada Power Company,
(3) Niagara Mohawk Power Corporation (NIMO), and (4) Pacific Gas and Electric’s (PG&E’s)
Delta Project.

In Chapter 4, we examine five transmission construction projects under the jurisdiction of state
regulatory commissions. All of these 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 presence of competition, allocation of costs can
become contentious. The,projects we examine are: (1) Second Devers-Palo Verde Line (DPV2),
(2) California-Oregon Transmission Project (COTP), (3) Kramer-Victor Line (K-V), (4)
Duquesne Light/GPU Joint Venture (DL/GPU), and (5) Consumers Power-Public Service of
Indiana Line (CP-PSI).

Each study highlights several of the institutional, technological, or decision-making issues raised

in Chapter 2. Collectively, the studies indicate that one or more of these issues has been left
unresolved in practice in each major transmission project.
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Many organizations, both private and 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 Chapters 3 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-Attribute Bidding Framework.

We then review the Public Service Commission of Wisconsin ‘Advance Plan’ process and the
California Public Utilities Commission Rules on Access to Computer Models.

At the Federal level, the Nuclear Regulatory Commission, the Federal Energy Regulatory
Commission, and Federal Court have adjudicated several watershed cases that set precedent, or
at least suggest future trends in Federal legislation or policy. In Chapter 5, we consider the
following Federally adjudicated cases: (1) Pacific Gas and Electric’s Stanislaus Commitments,
(2) Toledo Edison and Cleveland Electric Nuclear Plant 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
transmission projects described in Chapters 3 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, particularly combinations of complementary State and
regional initiatives, may be able to resolve almost all of the issues simultaneously.

Chapter 6 focuses on the role of complex economic-engineering analysis in transmission
planning. We summarize state-of-the-art transmission planning as described in Stoll (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 transactions by a sampling of Californian utilities, and
then survey the software available for use in administrative adjudication. The software packages
are: (1) Decision Focus’ model of California transmission, (2) Pacific Gas and Electric’s
LOCATION, (3) Meta Systems’ WRATES, and (4) Sierra Energy and Risk Assessment’s
SERAM.

To complement our description of planning models in Chapter 6, we include in the Appendix
a discussion of the characteristics of the electric system that necessitate these sophisticated and
comprehensive models and survey some of the relevant economics literature on the economics
of information revelation and transmission system regulation.

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






Chapter 2
A Typology of Regulatory Issues in Transmission

2.1 Overview

In this chapter we present a typology of transmission planning and capacity issues. Our list
(which is summarized in Table 2-1), consists of issues that have been explicitly considered by
regulatory agencies in our case studies and also of issues that may warrant consideration 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
augments and complements the issues described in the Federal Energy Regulatory Commission’s
(FERC’s) Transmission Task Force Report (FERC 1989); in 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).!

We divide the issues into three major categories: institutional; technology structure; and,
decision-making complexity. We first address the category of institutional issues, beginning with
competition between transmission-owning and transmission-dependent utilities over access to
transmission. We will generically refer to this as wheeling access. The competition issues
associated with unregulated private producers, which are qualitatively different from inter-utility
competition, are treated separately.

Three pervasive institutional problems in regulation that we confront are:

1. asymmetric regulatory constraints on different types of entities in the utility industry;

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

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

These issues are complicated by the information asymmetries between regulators and utilities and
also information asymmetries amongst utilities. Independent analysis and verification of utility
positions is severely constrained by the limited availability of verifiable proprietary information
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 adoption of standards. Standards reduce the cost
of participation in 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 major category of issues we discuss is due to technology structure. 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.

Two furthe. 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 transmissicn expansion optimally. Instead, the goal of transmission operations and
planning is often frasibility with 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.
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2.2 Institutional Issues
2.2.1 Competition

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

Wheeling Access for Transmission Dependent Utilisies

Ownership, control, and access to transmission largely defines the competitive balance between
the transmission-owning and the transmission-dependent utilities (TDUs). Broadly speaking,
TDUs owned by local governments have historically been at a competitive disadvantage in
securing contracts for supply relative to the investor-owned sector, which has typically owned
the transmission system. Publicly-owned municipal utilities (MUNISs) have traditionally had to
depend on wholesale purchases from larger local investor-owned utilities (IOUs). These
whoilesale transactions are currently regulated by the FERC.

There are exceptions, where publicly-owned utilities in large municipalities, such as the City of
Los Angeles have achieved scale economies in generation and have constructed their own
transmission facilities 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 municipalities to sponsor their own joint projects or participate in
large IOU projects. These mechanisms include:

1. joint-action power agencies, and
2. rural electrification administration generation and transmission co-operatives.

In the 1970s, a number of individual municipalities and joint action agencies sought participation
in large nuclear power plant projects sponsored by IOUs. Statutory authority over anti-trust
issues was granted to the Atomic Energy Commission (AEC) and its successor, the Nuclear
Regulatory Commission (NRC). Transmission service was made a licensing condition for a
nuclear generation plant in a settlement known as the Stanislaus agreement (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 related case, the Central Area Power Coordinating Pool (CAPCO) agreements, which
has had more far-reaching practical impacts.

Although the Stanislaus agreement has turned out to be an unwieldy guarantee of transmission
service, the case represents an important landmark in an increasing series of demands from
municipal utilities for transmission services, allowing them to develop their own resources and
reduce their dependence on IOU wholesale supply. In the case studies reviewed in Chapter 4,
we discuss two situations in which publicly owned utilities actually took the initiative, or
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participated actively, in the transmission planning process in (somewhat uneasy) cooperation with
I0Us.

Where cooperation is not forthcoming from the IOUs, and the MUNIs embark on projects of
their own, duplication and o ‘rbuilding of 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-built capacity necessary to enforce competitive markets
should aiso be explicitly considered.

Total transmission capital costs represent between 10% and 20% of total electric utility
investment (FERC 1989). The total potential benefits of increased competition in the generation
sector and of better coordinated use of the transmission system may be roughly the same order
of magnitude or smaller. However, the incremental costs of building enough transmission o
achieve these benefits may be smaller still. An explicit consideration of the transmission costs
to foster increased competition is suggested by the FERC Transmission Task Force
Report (FERC 1989) and is an appropriate perspective in the case of MUNI participation in the
California-Oregon Transmission 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 attempted IOU participation in the COTP may be of this
character.

Independent Private Power

Transmission planning also affects the competitive balance between I0Us and private power
producers, including both Qualifying Facilities (QF) under PURPA and other Independent Power
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 separate ways. First, there is a long-run conflict over market
share between IOU investment in new generation capacity and private power supply. Second,
there is a bypass issue. Private producers can serve retail loads traditionally served by the utility
if they can obtain transmission service.? This issue arises particularly in markets such as Texas
where the private power industry is well established (PUCT 1990). Third, private producers
could transcend the monopsonistic power of the local utility if they could wheel power to other

? In some cases, permission from the state commission may be necessary for this service.
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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 capacity expansion 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 Kramer-Victor case raises issues of this
kind. (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
regulatory oversight, while IOUs must get approval from their Public Utility Commission (PUC)
to build. We will see that COTP is a prime example of a proposal involving several participants
who had to respond to different regulatory constraints.

State and Regional Conflicts

State PUCs and FERC have differing objectives 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 transmission projects in California is usually “independent of a
broader state or regional perspective” (CEC 1991). In contrast, the FERC usually has a more
regional perspective. Reconciliation of State and Federal 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 obtained simply at the expense of other parties rather than being
due to net social economies. The distinction has been central to 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)° also emphasizes the maximization of ‘social benefits’ (Varian 1984). To contrast with
pecuniary benefits, we will call net social economies ‘real’ benefits.

'The FERC’s approach is in conirast with that of many state PUCs, which, in considering an
application by an electric utility for a Certificate of 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 managerial 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).

PUC:s tend to disregard the costs and benefits accruing to other utilities and their ratepayers,
particularly utilities 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 i< cheaper resources, then QF payments are correspondingly reduced. To
the extent that this induces an efficiency improvement by replacing QF generation having high
(marginal) production costs with another resource nhaving lower (marginal) production costs, then
this is a real benefit. However, QF production levels may not change significantly, for example,
because of ‘must-take’ contract provisions, so that the QF production costs remain the same.
In this case, only the payments change, nroducing a pecuniary benefit for the utility having no
‘true, societal’ benefits. These issues are discussed by Jurewitz (1990).

2.2.3 Information Asymmetries

Each of the protagonists in the utility industry has differing private information, and each one
will tend to present only the information that is favorable to its own position or to: “misrepresent
its corts 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] cluims 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~. echnological 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 interested
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

3 See, for example, the discussion of wheeling in (FERC 1989).
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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 strategic use of private information becomes evident when there are inconsistencies between
the positions of a participant in one proceeding compared to its position in another. For
example, concerning Southern California Edison’s proposed Devers-Palo Verde 2 line (DPV2)
examined in Section 4.2, an employee of a competing utility, San Diego Gas and Electric, stated
that: “there was a lot of work to do with whether the studies that [Southern California] Edison
was presenting in one arena in one study group had consistent basic inputs with studies they
were presenting in another arena, and finding that 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
Transmission Project, it is noted that: “[Southern California] 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 different character to true information asymmetries. 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 legislation in California concerning
access to computer models is aimed at resolving this issue. (fee Section 5.3.)

In the absence of incentives to reveal information truthfully, there are three generic ways the
information issue 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 technical arguments 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 speaking, 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.)

Arbitration is the polar opposite of litigation. The chief proponent of binding arbitration in
transmission disputes is the Large Public Power Council (LPPC). The LPPC consists of major
publicly-owned utilities, some of whom own transmission assets. While the LPPC approach to
transmission planning emphasizes voluntary participation in most respects, the LPPC, as well
as the Vermont Electric Transmission Company, the Western Association for Transmission
Systems Coorcination (WATSCO), and the Western Systems Power Pool advocate binding
arbitration. (See Section 5.2.) While conceptually distinct from the litigation model, both the
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arbitration and negotiation models are not without elements of strategy, differential information,
and the use of market power.

2.2.4 Standards

The adoption of technical standards is a positive ‘network’ externality (David 1987); however,
we note that this type of externality is different in character to the technological externalities to
be discussed in Section 2.3. We will consider institutional aspects of standards and analyze
standardization of:

¢ transmission planning, including:
1. reliability criteria,
2. computer models and data formats, and,
3. the evaluation of benefits;
transmission access policies and protocols; and,
¢ pricing methods.

There are currently no widely agreed upon standards for evaluating transmission benefits.
Consequently, evaluation of transmission proposals tends to be ad hoc and case specific:
“individual utilities 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
different conclusions” (CEC 1991). Clearly, the lack of standards exacerbates the problem of
information asymmetries by allowing utilities considerable latitude in their choice of benefit
assessment methods.

Compounding the lack of standards in the evaluation of benefits of transmission construction,
there are no standards for access to and pricing of 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 standards for transmission access and price make it very difficult for transmission
dependent parties to negotiate with transmission owners. 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 participants where there
was no prior inte:connection, or the strengthening of a corridor between two participants. The
most obvious example is the radial connection of a non-utility generator to a utility’s
transmission system; however, the California-Oregon Transmission Project (COTP), which
strengthens transmission links from the Pacific Northwest into California, is also included in this
category.

Network connections involve the power grid. Capacity is usually added over an extended period
in complex patterns between many individual pairs of nodes in the network. Sometimes a single
line possesses both radial and network characteristics, particularly over 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-run impact of QF-power on ‘bulk’ transmission will be
to release capacity” (CECI 1990). This argument is based on the assumption that QF resources
will be closer to load centers than alternative resources.

However, whether the effect of a resource is to increase or decrease the load on the transmission
system, the addition of new generation will almost always affect the optimal long-term
transmission plan. Therefore, transmission must generally be considered in the context of long-
term planning. We examine the interaction of resource and transmission planning and its -
treatment by the utilities and the regulatory process. In particular, we consider how the potential
expansion of independent power production is treated in utilities’ long-term transmission plans.

Corresponding to our categories of transmission expansion, we define a ‘remote’ energy resource
to be one that needs significant radial transmission construction to 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
transmission expansion. Generating resources can be roughly divided into remote and local;
however, these definitions are meant as a guide and should not be taken literally since a single
resource may possess both local and remote characteristics under differing perspectives. For
example, a generation project may serve both local load as well as export power to a distant load
center.
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Benefits of transmissior construction can be divided into benefits that stem from resources ‘at
the end of the line’, and benefits from system-wide effects. The former category corresponds
roughly to radial transmission projects, 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 investment costs for developing both the resource and the
required transmission capacity must be weighed against the operating benefits and costs. The
required transmission is 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 interconnection with the network,
and hence the choice of radial connection, is contentious.

We will see that the large scale transmission planning software models that we survey essentially
treat all transmission links as radial; that is, to increase transfer capacity between two points,
the models only consider reinforcement of the actual link between the two points. This is at
variance with practical transmission expansion, where overloads in one link are often alleviated
through the change in power flows that result from increasing the capacity in another part of the
network. The analysis of long-term nerwork expansion is much more difficult than the analysis
of radial expansion. In Example 1, we will illustrate the difference between radial and network
expansion.

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, L1, 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 L1 and L2. We ignore line losses and reactive power flows and assume that the
cost of building additional transmission directly between any two of the nodes is
approximately the same; this would be the case if the nodes are equidistant, as illustrated,
and if the terrain and environmental considerations are the same for each of the three
routes.

Suppose that the loads at nodes L1 and L2 wili each increase by 50 MW and that
generation at node G will increase by 100 MW, This would overload lines G—L1 and
L1—-L2 by 100 MW and 50 MW, respectively. A simple-minded transmission expansion
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 transmission plan would require
construction of a 100 MW and a 50 MW line.

A better plan, 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 construction of 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.
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Figure 2-1
Lines, Generator and Loads for Example 1

In this example, the benefits of network expansion over radial are obvious. In a real network,
optimal planning is much less obvious. For example, in the Kramer-Victor case 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 number of problematic cases in Chapter 4 that involve transmission investments
that are either (1) not coupled to specific generation projects, or, (2) involve network expansion,
perhaps in addition to radial interconnection.

A significant benefit of such lines can lie in increased access to several resources, rather than
access to one specific generation plant. The generation resources may be shared regionally, so
that allocation of the benefits of access is also difficuit. 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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There are also less tangible benefits of new transmission capacity that are important, but difficult
to quantify. These include:

reduced line losses;

e providing for future load growth, particularly if the transmission line construction
strategically opens up a new right-of-way (CEC 1991);

® increased system security and reliability; and,

¢ increased transfer capability for economy energy.

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

Some of these benefits are primarily radial, 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 reinforced corridor, and, (2) altered flows in the whole system. In the first case, the
benefits are due to the radial nature of the transmission, while in the second case, the benefits
are network in nature. Evaluation of losses in the second case proved particularly problematic
for the Kramer-Victor line. Future load growth may be accommodated by both radial and
network transmission capacity. Security and reliability improvements are 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 summarized in 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
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2.3.2 Network Externalities

Externalities occur when the actions of one group of economic agents have impacts—‘spill-over’
effects—on parties who are not directly participating in the given activity. It is common to think
of externalities as primarily negative, largely because of the much discussed example of
environmental pollution. In network settings, however, there can be positive externalities. For
example, telephone users benefit when the telephone network expands because they gain the
possibility of communications for which they did not pay. In electric power transmission there
are both positive and negative externalities. A related issue is the synergistic combination of
multiple projects. Negative and positive externalities and synergies will be discussed in the
following subsections.

Negative Externalities

The principal negative externality in transmission is unintended power flows; that is, where
power flows in directions unrelated to the ‘contract path’ (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).* For example, one aspect of the DPV2 study is the resolution
of parallel flow issues. With parallel flow, parties to an economic transaction impose impacts
upon uninvolved third parties, who may be geographically remote. The impacts include changed
line loadings and losses, and are usually not beneficial, so that we will typically treat them as
negative externalities.

Contractual arrangements for transmission service are almost always described in terms of a
‘contract path’. 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 important network externality occurs when “[a] particular line 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 other words, 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,

* A related issue is ‘loop flow.’ Some authors treat parallel flow and loop flow as synonymous (Hayward et al.
1991), while others distinguish the two (Casazza 1991). We will, somewhat loosely, use the term parallel flow for
all unintended flows.
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Example 2: Negative Network Externalities
The example is depicted in Figure 2-2. We consider the transfer capacity from the
generator, G, to the load, L, along the two transmission paths illustrated. Suppose that
the strong path, 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 transmission lines are perfectly reliable, the strong line can only be loaded to 800 MW
because of the limit on the weaker line.

Transmission planning tries to
avoid 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-
nected system extends across more
than one control area. The prob-
lem is prevalent in wheeling where
large flows may occur in parallel
systems.

Weak line: Rating 200 MW

Strong line: Rating 1000 MW

Regulatory policy is difficult to
formulate when the externalities Figure 2-2

are not local in nature: interstate Transmission Lines in Examples 2 and 3
externalities pose special problems

for regulation. Such non-local impacts are frequent where 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-shifters are illustrated in Example 3.
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Example 3: Phase-Shifters
Consider the network of Example 2. Suppose that a phase-shifter is installed on the
weaker line and controlled so that power flow on the line is limited to no more than the
rating of the line. For transfer levels up to 1000 MW, the phase-shifter will be controlled
to have no affect on the system. For transfers above 1000 MW, the phase-shifter will
control the flow so that 200 MW flows on the weaker line, and the balance of the flow is
on the stronger line. The transfer capacity of the system is increased to approximately
1200 MW, based on thermal ratings, assuming that the phase-shifter can control the flow
at this transfer level.

For transfers below 1000 MW, the phase-shifter can, in principle, be disconnected from
the system so that no additional losses are incurred. For transfers above 1000 MW, the
phase-shifter will incur losses in excess of the line losses in the system.

It may be more practical to control potential spill-over effects with phase-shifters, as in
Example 3, than to attempt monetary compensation schemes for affected parties. However, if
the costs of the control equipment and 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: omagnetic radiation issues. The aesthetic degradation caused
by unsightly transmission lines has been of concern for many years. More subtle issues include
degradation of delicate environments during construction work. Currently there is growing
debate about 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 situation in which benefits (instead of 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,
particularly when 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-Victor line.

The addition of a line in a network can enhance the reliability of the whole network, at a given
transfer level, by increasing the robustness of the system to outages and 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 line.

Example 4: Positive Network Externalities
Consider the network of Example 2. Suppose that the rating of the ‘weak’ line is
upgraded by 100 MW by re-conductoring with heavier wire. Then we can also increase
transfers over the ‘strong’ line. For example, suppose that when the new line is loaded to
its upgraded rating of 300 MW, the flows divide in the ratio 3:1 between the two lines.’
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.

Such a situation may apply in California transmission access 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
California through Arizona and Idaho to the Northwest. Strengthening the ‘weak line’ may have
had a larger effect on transfer capacity than strengthening the ‘strong line.’ (See Section 4.3.)

Synergies

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 all 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 transmission line may provide considerable _enefits. A
more interesting example of synergies is illustrated in Example 5 concerning expansion of a
transmission network subject to reliability criteria.

* The ratio is reduced because the upgraded line will have lower impedance than the original.
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Example §: Synergies
Consider the network depicted in the top panel of Figure 2-3. The lines are identical and
each is rated for 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 network is 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 transfer capacity is increased
to 1100 MW. While each project individually did not increase the transfer capacity,
together rebuilding both lines significantly increases the capacity.

Rating: 200 MW continuous, 220 MW emergency

o e

Rating: 200 MW continuous, 220 MW emergency

Rating: 1000 MW conltinuous, 1100 MW emergency

e

Rating: 1000 MW continuous, 1100 MW emergency

Figure 2-3
Transmission Lines in Example §
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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) and Kelly 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 significantly as voltage, and hence capacxty, 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 M$ (Kelly et
al. 1987). The cost of circuit-breakers for both ends of the line is 0.8 M$ (EPRI 1986)
for a total cost of 40.3 M$, or an average cost of approximately 147 $/kW. A schematic
of the line is shown in the upper left 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-breakers for protecting the transformers and both ends of
the line is 2.5 M$ (EPRI 1986), while the cost of two transformers is approximately

6 M$ (EPRI 1986), for a total cost of 88.4 M$, or an average cost of approximately

107 $/kW. These figures are presented in Table 2-3 and a schematic of the line is shown
in the upper right panel of Figure 2-4.

The average incremental cost between the 275 MW and 825 MW lines is 87 $/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
Line Circuit Trans-
and Other | Breaker former Total | Average

Voltage Capacity Costs Costs Costs Costs Costs

/kV /MW /IM$ /M$ /M$ /M$ /$/kW

230 275 39.5 0.8 0 40.3 147

345 825 79.9 2.5 6 88.4 107

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

¢ 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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845 MW, 345 kV
singta-circuit line
cB 275 MW, 230 kV cB cB TX , CB cB, T™X CB
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275 MW, 230 kV
CB single-circuit line CB
*— 550 MW, 230 kV —0
double-circuit line
230 kv 230 kv 230 kv 230 kV
Key: CB Circuit Broaker, TX Transformer

Figure 2-4
Lines and Transformers for Examples 6 and 7

economies of scale, since, for a given transmission corridor, the right-of-way and other costs,
excluding transformers and circuit-breakers, would not typically increass linearly with the
transmission construction costs and may even be approximately constant. Finally, if the larger
capacity line can directly interconnect with 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 transmission planning. In the
following subsections, we discuss the complications that arise from transmission economies of
scale, both with and without uncertainties concerning the future, and we also consider the effects
of competitive supply for transmission service in the presence of economies of scale.

Intertempy. il Allocation of Benefits and Costs

If the need for additional capacity due to demand and supply growth is predictable over time,
then econcmies of scale can be exploited to build transmission now for the benefit of later users
more cheaply than through pieceme~! scastruction plans. The main problem is the intertemporal
allocation of costs and benefits as illustrated in Example 7.

25



Example 7: Intertemporal Allocation 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 are built now at a cost of 40.3 M$. 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.” 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 M$, which is about 2%
cheaper than the myopic plan.

Table 2-4
Economics of Over-Building Lines for Example 7
Current Future Total
myopic 40.3 49.2 89.5
non-myopic 80.7 6.7 87.4

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, that no additional circuit-breakers are required for the double circuit line.
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Growth Uncenainties

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 proceeds 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.

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 exampile 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 taking advantage of speculative investment is a joint venture between regulated
and unreguiated 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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Exawnple 8: Flexible AC Transmission
Suppose that the transmission expansion in Example 7 (see page 26) will reinforce existing
capacity along a transmission corridor consisting of the lines in Example 2, with current
transfer capacity limited by parallel flow. By temporarily installing FACTS technology,
including the phase-shifters described in Example 3, the transfer capacity can be upgraded
without new line construction. The decision to build new capacity at 230 kV or 345 kV
can then be delayed until it has become clearer whether or not continued growth will
justify the larger line.

When the new construction is completed, the FACTS technology can be moved to another
part of the network. The cost of the temporary increase in transfer capacity would then
only consist of minor facilities costs to accommodate the phase-shifters, the rental value of
the phase-shifters, and the losses due to phase-shifter operation.

Competing Transmission Supply and Unsustainability

A further problem due to economies of scale can arise if a potential entrant can compete with
an incumbent to supply transmission capacity and if continued growth calls for construction at
several times as part of an optimal transmission plan. We apply some recent theoretical analysis
by Baumol et al. (1988).

To analyze this case, we define ‘sustainable prices’ (Baumol ¢t al. 1988). In the case of
transmission supply, sustainable prices are a sequence of prices over time for transmission access
that are:

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

2. not so high that an entrant could undercut the prices, supply a 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 transmission construction as a function of capacity,
and because, (2) transmission construction costs are sunk, an optimal construction plan will
usually be ‘unsustainable’. Unsustainability means 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 overbuilding of transmission by the entrant, relative to the social
optimum, in order for the entrant to capture enough economies of scale to be profitable: the
entrant takes away some of the market of the incumbent by charging lower prices, leaving
unused capacity so that there is unnecessary duplication of transmission facilities. This is
illustrated in the following example.
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Example 9: Intertemporal Unsustainability
Suppose that an optimal transmission plan calls for the reinforcement of an existing
230 kV network by the 230 kV single-circuit line described in Example 6 (see page 24),
costing 40.3 M$. Further suppose that this line essentially parallels existing capacity and
that the existing transfer capacity is considerably larger than the optimal 275 MW of
incremental capacity.

Now suppose that a competing transmission supplier decides to build the 345 kV line
described in Example 6 and install the transformers and circuit-breakers, for a total cost of
88.4 M$. Since the average cost of the higher voltage line is much lower, the competitor
can offer lower transmission prices to the incumbent’s transmission customers and capture
some of the existing market as well as all of the incremental needs for transmission.

Because of the large economies of scale, it is not necessary for the entrant to completely
fill the capacity of the line in order to break even. For example, suppose that the
incumbent sells transmission capacity on the existing network at the incremental cost of
optimal transmission additions: that is, at a price of 147 $/kW. Suppose that the entrant
offers transmission service for 140 $/kW, approximately a 5% discount below the
incumbent’s price. Then the entrant needs to sell about 630 MW of transmission service
in order to break even. This represents all of the incremental market of 275 MW, plus
about 355 MW of the incumbent’s market.® 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 $/kW.

Table 2-§
Costs and Break-Even Sales of Capacity for Example 9

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

Plan IMW /M$ IMW /MW
Optimal 275 40.3 275 -

Over-

built 825 88.4 600 630

¥ A similar analysis can be performed for the more usual case that the transmission service is rented out by the
transmission suppliers, rather than sold.
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The ‘competitive’ situation in the above example may seem to be good since it reduces the prices
for the entrant’s new customers. However, it leaves existing transmission lines under-utilized
and reduces 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 transmission prices.

A fundamental assumption in the unsustainability analysis is that the incumbent is perceived to
have set a fixed pattern 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 retaliatory pricing, this assumption is relatively plausible.

We will see that the unsustainability analysis may apply specifically to the California-Oregon
Transmission Project case study. The analysis applies generically to transmission planning
involving more than one potential transmission supplier. It poses a general problem for
transmission market-based pricing because the absence of sustainable prices may require strong
regulation in order to achieve good planning: “there may be a stronger need for a centralized
pricing mechanism in transmission markets than in other sectors of the industry” (FERC 1989).

The problems of unsustainability are implicitly at the heart of the Wisconsin PUC’s mandate to
avoid duplicative transmission expansion (see Section 5.3): “If the existing system is physically
capable of handling a particular transaction it is unnecessary, uneconomical, envircnmentally
damaging and counter to established prin€iples of regulation to add duplicative facilities to serve
that transaction,” (PSCW 1989).

However, since the problem of uneconomic entry will arise just at a time when some
construction is socially desirable, it may be very difficult for a State regulatory agency to discern
whether or not facilities are duplicative, or whether or 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
clearest example of this is the transmission of electricity, viewed as a time-differentiated product,
at different times of the day over a single transmission network. Another example is
interconnection support, where energy may be shipped between 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 incurred by one company and the...benefits are
shared by many” (Kelly et al. 1987). The joint benefits of a line are illustrated in the following
example, relating to peak diversity, which is based on 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 generator and a load center. They are linked by a single transmission line.
Suppose that the peak of utility 1 occurs at 3pm, while the peak of utility 2 occurs at Spm.
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 systeri 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 costly 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-peaking and PacifiCorp being
a Winter-peaking utility (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
transmitting power 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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figure 2-6 from the National Regulatory Research Institute (1987)

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

A particularly intriguing economy of scope can occur in wheeling transactions if the wheeling
transaction moves power in the opposite direction to the existing power flow. We call this
‘counterflow wheeling’. In this case, the wheeling transaction and existing flow together have
lower losses and require a lower line rating than required by the existing power flow. We
should expect that any tariff designed to promote economic efficiency would take account of the
prevailing flow of power, at least for purposes of allocating the costs of losses. Therefore, a
basic test for economic efficiency in transmission access is whether or not counterflow wheeling
is treated properly. 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 utilitizs (NIMO 1991) and will be
discussed in Chapter 3. While operations and planning must be feasible with respect to the
institutional and technological constraints, they are often suboptimal with 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 cansidering demand-
and supply-side decisions together simultaneously with transmission. It should be noted that
simultaneous consideration of all issues is necessary for truly integrated resource planning.

2.4.1 Operations

The basic question in operational efficiency is whether the transmission system is utilized for the
greatest economic benefit. The clearest example occurs in wheeling since wheeling affects
access to resources. We illustrate this in the following example, which is paraphrased from an
example by Gross (1991).

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 $/MWh, for W is 20 $/MWh, and for B is
24 $/MWh. For simplicity, we assume that transmission losses between S and W and
between W and B are negligible, that S has surplus generating capacity, but that W does
not have any surplus generating capacity.

With regional operating efficiency as the objective, it is clear that B should displace at
least some of its production with 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 marginal costs 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 required to wheel
by regulation, it will prefer to buy from S and block B’s purchases.

33



(& O O

Seller: 18 $/MWh Wheeler: 20 $/MWh Buyer: 24 $/MWh

Source: This figure is adapted from Gross (1981)

Figure 2-6
Utilities in Example 11

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 further complication is that when there are multiple potential transactions between a utility and
its neighbors, the network externalities of transmission operation make it very difficult to
calculate transmission limits. The evaluation of simultaneous transmission limits between a utility
and its neighbors is beyond the capabilities of currently available 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
predictions in planning transmission 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 Chapter 6. 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 dependent on many inputs based on ‘engineering judgment’.

The potential difficulty in identifying optimal expansion plans was illustrated in Example 1.
While that example was constructed so that the optimal solution 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, the seemingly reasonable approach of applying remedial action individually
to overloaded lines will produce sub-optimal results.

34



Although global optimality may be computationally infeasible, 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 illustrate the importance of risk hedging in planning, consider
Example 12.

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

The utility can take a myopic viewpoint and build only adequate transmission capacity to
interconnect with R and S. Alternatively, it can prepare for future growth by overbuilding
the transmission towers 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 extra costs by overbuilding; however, by hedging against both
alternative growth possibilities, it can avoid the future cost of a completely new line.

OO —

Remote Resource Utility Remote Resource

Figure 2-7
Utilities and Resources in Example 12

We will see that overbuilding of towers in the Kramer-Victor case study can be interpreted as
planning for future uncertain growth.

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 regulatory authority 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 information asymmetries between W; the regulator;
and, B and S, over W’s excess capacity, it may be possible to achieve short-term efficiency.

In the long-term, however, W may decide not to expand its transmission capacity adequately
between B and S if it must make any such capacity available for wheeling and cannot itself profit
from the transmission. In the long term, the lack of adequate transmission capacity 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 interplay of operation and construction. In Section A.3 of
the appendix, we discuss some of the economi. 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 treatment of transmission planning in Integrated Resource
Planning (IRP) 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 somewhat different
in that it involves the integration of Demand-Side Management (DSM) with transmission and
distribution. Furthermore, the Delta Project does not explicitly involve multi-party transmission.
However, we include it because it shows the close interaction between the economics of DSM
and transmission and distribution costs, which therefore affects the relative economics of DSM
versus, for example, new remote generation requiring transmission.

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 IRP and these other processes, but that its precise nature is still
indeterminate.

3.2 Current IRP Practice
3.2.1 Florida Power

Florida Power Company (FPC) is a utility in Central Florida with a peak demand of 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
through improved 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).
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The tie-line is justified mostly on the basis of emergency support and economy purchases (FPC
1991). The 400 MW of firm power purchases from the Southern Company begins in 1993 and
continues until 2010 and represents approximately 10% of the total additional resources needed
to meet FPC’s 2001 Winter peak demand. In considering the benefits of this significant power
purchase, transmission construction costs of the tie-line were essentially considered to be sunk
and therefore did not apparently affect purchase decisions. In other words, there was no explicit
trade-off of the cost of various transmission capacity options against the benefits of increased
purchases from the Southern Company.

3.2.2 Nevada Power Company

Nevada Power Company (NPC) is a Southern Nevada utility with a peak load of approximately
2.3 GW that is rapidly growing due to the growth in the tourist and casino industries. Most of
the NPC load is concentrated in and around Las Vegas. Transmission needs for access to
resources are therefore relatively easy to identify since most potential routes connect radially to
Los Vegas as shown in Figure 3-1. Power purchase proposals were solicited from 30 potential
suppliers and transmission needs evaluated and compared to NPC's own potential construction
options (NPC 1991). Analysis

is relatively simple in this case UTAH '
CALIFORNIA o|PP

because all connections are
radial, and none of the
network issues identified in
Section 2.3 arise.

Sigurd

3.2.3 Niagara Mohawk *Red Butte

Power Corporation

Southern
Nevada

7 Nav*jo

Moenkopi

Niagara Mohawk Power
Corporation (NMPC) is a
utility in Central and Upstate
New York with a peak demand
of over 6 GW. NMPC has
issued two IRP’s, in 1989 and
- 1991. Transmission was
investigated in the 1991 plan
to identify strong and weak
areas of the transmission Sourca: Figure 55 (NPC 1901)
system, describe problems,
and propose solutions (NMPC Figure 3-1 .

1991). The NMPC service External Transmission Connections to
area was divided into sub- Nevada Power Company

regions and transfer
capabilities were investigated

Liberty
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to grade the sub-regions on the local capacity to import to loads and to export power from local
generation. Five major transmission interfaces:

Ontario Hydro-New York (CH-NYPP);

West New York-Central New York (West-Central);

Northern New York-Central New York (Moses-South);

Central New York-Eastern Upstate New York (Central-East); and,
New York-New England Power Pool (NYPP-NEPOOL),

were also investigated to determine capacity for bulk power transmission between areas. Figure
3-2 shows the results of this study, with sub-regions differentiated according to whether projets
could be accommodated by existing transmission capacity, could defer the need for expansion,
or would increase the need for transmission capacity.

The costs and characteristics of the proposed local transmission reinforcement projects were
incorporated into the costs of proposed generation and/or DSM projects in order to develop an
optimal portfolio of projects.

3.2.4 Pacific Gas and Electric Company Deita Project

The Delta District is a distribution planning 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
management and transmission and distribution planning for the Delta District. While PG&E has
a company-wide IRP, the Delta Project represents an experimental approach to much more
detailed analysis of local geographic costs and benefits of load growth and DSM opportunities.
Much of the focus is on distribution system expansion costs.

PG&E currently has plans for upgrades of transmission and distribution capacity in the Delta
District over the 1990s and into the twenty-first century to accommodate growing demand.
Orans (1985) has developed a methodology to evaluate the changes in resent worth of the cost
or this planned expansion as timing of the planning decisions are changed to accommodate
changes in the expected demand trajectory. From this estimate in the change of present worth,
temporally and geographically disaggregated transmission and distribution costs due to changes
in lozd can be calculated. These transmission and distribution costs can be used to evaluate
whether DSM proposals are economic when introduced at a given time in a given place in the
distribution system.

Because DSM can potentially delay transmission and distribution expenditures, the benefits of
DSM will be under-estimated if transmission and distribution effects are ignored. In contrast,
if transmission costs are ignored for supply-side options, then the costs of these options can be
under-estimated. Clearly, this asymmetry can bias the comparison of DSM and supply-side
options, particularly if both types of resources are being bid in an auction. The Delta Project
represents an initial effort to address coherently the local network costs and benefits of DSM.
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3.2.5 Summary

Transmission system expansion plans are represented in limiied detail in the IRP plans of Florida
Power Corporation and Nevada Power Company. This is consistent with standard practice in
IRP, where production cost models used to compare alternative resources are generally run as
"one-bus" models, i.e. with generation assumed o be directly connected to load without any
explicit characterization of the transmission network. This means that transmission costs are
typically suppressed when resources are compared. Transmission is only considered when:

1. resources are remote so that radial transmission costs can be directly incorporated
into the costs of generation, or,

2. there are known bottlenecks, 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 transmission needs against project benefits. The effect of generation choices on the
need and cost of internal network transmission is therefore typically neglected. For systems such
as Nevada Power, where most demand is concentrated around 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 IRP plan 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 compared both to the range of possibilities outlined in Chapter 2 and the actual cases
adjudicated by state regulatory agencies that will be reviewed in Chapter 4. In this section we
outline the potential linkages between “conventional IRP” and other processes in which
transmission planning occurs. The goal of this examination is to frame the question of whether
IRP should or can be confined to the role described in the three utility IRP 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 transmission planning, 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 IRP
processes will ultimately cope with transmission planning issues.
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3.3.1 The Role of State Law

The authority of state regulatory commissions over transmission planning is seldom clear and
explicit. Where state law defines IRP responsibilities for regulatory commissions, transmission
may not be mentioned explicitly. Typical language refers to planning for “resources.” Under
such language, transmission would have to be interpreted to be one such resource if transmission
planning were to be considered integral to IRP. This essentially semantic question is much less
important than the more fundamental jurisdictional question, the authority of state commissions
over all electric utilities in a state. The most common situation involves a limited domain for the
regulatory commission; typically confined to investor-owned utilities and excluding government-
owned utilities. The California-Oregon Transmission Project (COTP), discussed in Section 4.3,
illustrates problems that can arise when the participants in a large transmission project are not
all 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 present discussion, its importance
is simply that: (1) WAP involves comprehensive transmission planning substantially beyond the
limited examples in the three utility IRPs, and (2) to achieve this result unique state legislation
is a necessary (but not sufficient) condition. This means that, in principle, conventional IRP
might be broadened to include the full range of transmission planning. 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
transmission projects are constructed as 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 fundamentally oriented to individual state concerns.

With the exception of the Northwest Power Planning Council, there is no functioning model of
a multi-state planning and regulatory activity. There are, however, both formal and ad hoc co-
operative planning activities involving state regulators that can complement state level IRP.
Where such co-operation 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 transmission planning into “conventional IRP.”
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3.3.3 Does Transmission Planning Lead or Lag IRP?

The case studies in Chapter 4 do not provide much general guidance concerning the linkages
between IRP and major transmission projects. In one case, the Consumers Power - PSI line (Sec.
4.5) the relationship of the project to the larger IRP setting became a contested issue. In a
general sense, new transmission facilities would expand the set of resources to be evaluated by
an IRP. In many cases, however, the need for resources may have motivated new 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 natural gas 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 treatment of transmission in “conventional IRP” may or may not represent a stable
planning and regulatory model. As more experience is gained with IRP, transmission-related
questions will inevitable find a place in the discussion. Regulatory commissions will find that
these issues must be integrated in some fashion into the IRP process. One example of this trend
is the recent order of the Montana PSC, requiring that transmission costs (both positive and
negative and including opportunity costs) be incorporated into resource comparisons (Montana
PSC 1992). Exactly how this will be done remains to be seen.

There are reasons to limit the role of regulatory participation in transmission planning and
reasons why large scale transmission projects must be accounted for in any integrated plan. It
is too early to tell what the best balance may be. The subsequent chapters will draw out in detail
some of the issues posed to state regulators by major transmission projects, some of the policy
frameworks proposed to deal with those issues and some of the technical analysis issues involved
in transmission planning.
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Chapter 4
Case Studies: State Regulation

4.1 Overview

In this chapter, we present case studies of five transmission projects:

Second Devers-Palo Verde Line (DPV2);
California-Oregon Transmission Project (COTP);
Kramer-Victor Line (K-V);

Duquesne Light/GPU Joint Venture (DL/GPU); and,
Consumers Power-Public Service of Indiana Line (CP-PSI).

AW

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

Tabie 4-1
Costs and Physical Characteristics of Lines

Cost Voltage Rating Length Cost/(rating.length)
Project M$ '3 MW /miles 1($/(kW.mile))
K-V 44! 220 1000* 38 1.16
DPV2 260° 500 1200 240 0.90
DL/GPU 316 500 1500 240 0.88
COTP 414 500 1600 340 0.76
CP-PSI 58¢ 345 500 60’ 1.94*

Notes and Sources:

' Circa 19908 (CPUC 1990a), but excluding estimated cost of tower overbuilding (CPUC90a).

Estimate (Verhey 1989b)(Rupp 1990a), but only 630 MW used by Cal Energy and Luz.

19938 (CPUC 1988).

19918, (Milbournc 1991). Cost includes phasc-shifters and series compensation.

Circa 19918 (CPUC 1991). COTP involves rebuilding some existing lines and cost excludes the cost of acquiring these lines.
Circa 19943 (Johnson 1992). Cost includes only the section of line in Consumers Power territory and excludes the cost of:
the 345 kV 0 138 kV step-down transformer at Branch substation; other 138 kV construction; and, the estimated difference
between the costs of single-circuit and double~circuit construction.

Length includes only the section of linc in Consumers Power territory.

Excluding the cost of phasc-shifiers as well as the cost of the 345 kV to 138 kV transformer, the other 138 kV construction,
and the cost difference between single- and double-circuit construction yields a cost of 1.24 $/(kW .mile).

LIS S T
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Consumers Power-Public Service 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 all 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.

(Note: Schematic only)

In the last section of the chapter,
we draw together the case studies
and highlight the issues that are
important in a number of studies.

Southermn Oregon

4.2 Second Devers-Palo
Verde Line (DPV2)

4.2.1 Background
Californla-Oregon Transmission Project
Devers-Palo Verde 2 is a 500 kV
line proposed to parallel the
existing 500 kV  Devers-Palo
Verde 1 (DPV1) line on a
common transmission corridor, It
would add 1200 MW of
transmission capacity from the
Palo Verde switchyard in
Southwest Arizona to the Devers
substation in Southern Califor-
nia (CPUC 1988), which are
approximately 240 miles
apart (Weatherwax et al. 1987a).

Arizona

Deyers-Palo Verde 2

Palo Verde

A schematic map of the proposed Source: figure 1 of CPUC (1988), 4.3-1 of EDAW (1900),
line is shown in Figure 4-1. figure 1 of CPUC (1890), and figurs 7 of Rupp (1990s).
DPV?2 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 Department of Water and Power (LADWP). Besides the
MUNIs that are joint venturers, several other MUNIs have also arranged for wheeling service
over the line. Prior to the proposal of DPV2, there were already several lines running from the
Desert Southwest (DSW) to Southern California. DPV2 would strengthen an already significant
high-voltage transmission capacity of 5600 MW maximum rating between Southern California
and the DSW (CPUC 1988). The proposed objectives of DPV2 were:

1. to increase firm transfer capacity 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 independent power producers (LADWP 1990).

4.2.2 Significant Issues

In order to participate in DPV2, SCE requires a ‘Certificate of Public Convenience and Necessi-
ty’ (CPCN) from the California Public Utilities Commission (CPUC). The proceedings at the
CPUC were long and complex, and punctuated by several discoveries that completely changed
the economics of the project. Figure 4-2 summarizes the regulatory history. 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 illustrated in
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
(DSW);

2. transmission revenues on DPV2; and,

3. increased utilization of other SCE system lines to the West of the Devers
substation through increased transfer capability 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 “SCE utilized inconsistent input data, and, in some cases deficient modeling procedures
in its 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
various studies, performed over an

extended period, and based on

continually revised data such as
fuel price forecasts, were
combined to support the case for
DPV2. While each study could
individually be consistent with the
range of possible data estimates,
the combined case was
insupportable. As described in
Section 2.2, we label this type of
discrepancy an information
asymmetry, in this case, evidently
internal to the firm, rather than
between the firm and the
regulator.

Stage 2: Interconnection Support
and the Exchange Agreement

SCE was instructed to correct the
analysis (Weatherwax 1987b) and
later submitted further testimony
that emphasized another benefit of
DPV2, namely the economy of
scope of utility interconnection
support, which had not featured
prominently in SCE’s original
case. SCE'’s estimates of the

CPUC DRA:
DSW Benetfits Overstated

LADWP:
Exchange Agreement

San Diego Gas &
Electric (SDG&E)

Mcrger Proposal

Stage 1:

Benefits:
DSW Economy
Transmission Revenues

&
\d

Stage 2:

Benefits:
Interconnection

Support

Y
v

Stage 3:
Joint Study
Benefits:
PNW Economy

Pumped Storage
frorn LADWP

Y
v

Stage 4:
Reduced Benefits of
more transmission

Figure 4-2 |
DPV2 Regulatory Analysis Chronology

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

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
The agreement enhanced the benefits of SCE’s and LADWP’s

(LADWP) (CPUC 1988).

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
transmission system (Weatherwax 1988). As well as capacity exchanges, there were “additional
elements in settlement of other long standing disputes between [SCE and
LADWP]” (Weatherwax 1988) concerning, for example, parallel flow.

Stage 3: Joint Study

Subsequently, SCE and DRA conducted a joint study to resolve data and methodological
differences (CPUC 1988). This study included updated assessment of several economic aspects
of DPV2 and involved joint development and refining of analytic methods, including analysis
of (Weatherwax 1988):

1. loss reduction benefits;

2. stability improvement benefits;

3. the value of NO, emission reductions; and,
4. utility interconnection support benefits.

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 improved air quality, reduced losses, improved utility interconnection support, and
increased stability (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 instead 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 Pumped Storage Hydroelectric plant 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 agreement in assessing the benefits of DPV?2:
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$, in 19908 (Weatherwax 1988), which is nearly as large as the total capital cost of the
line of 260 M$ (CPUC 1988).°

Several alternate cases and scenarios were considered in the DPV2 joint study. Based on these,
the DRA has suggested that the revised in-service date of June 1993 (CPUC 1988) proposed for
DPV2 by SCE may not optimize the ratepayer benefits 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 significant change in the relationship between 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 ratebased capital, there is no suggestion that the proponents of DPV2 deliberately misled
the CPUC; however, it is also not clear that all 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 undiscovered errors 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 amount of redundant analytical work in non-controversial issues;

2. avoiding some of the effort of litigation, if agreement can be reached on many issues
before the application is filed; and,

3. standardizing the analysis required for a CPCN so that consistent data assumptions
are employed,

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

proprietary information;
¢ the withholding of information; and,
e the volume of data.

Nevertheless, by standardizing the study analysis, more consistent results should be possible.

* A similar synergistic relationship apparently holds 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
1988).
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Stage 4: The Merger

Another issue affecting the viability of DPV2 was SCE’s 1988 proposal to merge with 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 construction in the Desert Southwest (CPUC 1988). The merger
would significantly decrease the value of DPV2 to SCE, by giving SCE access to SWPL, which
has a “largely empty status” (CPUC 1988), apparently meaning that 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 transferred over DPV2 (Weatherwax
1988). However, SERA concludes that DPV2 would still be cost-effective (CPUC 1988).

The California Energy Commission (CEC) independently commissioned a study, performed by
Decision Focus Incorporated (DFI), to assess transmission planning in California and
surrounding regions (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
construction of 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 apparently unwilling to allow SCE transmission access
to its Desert Southwest network for economy energy purchases (CPUC 1988): there is an issue
here of competition over transmission access 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 standards of 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 technical evaluation of the benefits brings into question the optimality of the timing of the
project and the relationship of planning to the operational efficiency of the existing transmission
system.

4.3 California-Oregon Transmission Project (COTP)
4.3.1 Background

The COTP, which would reinforce the Pacific Intertie from the Pacific North-West (PNW) into
California, was motivated by the needs of a group of Californian municipal utilities (MUNIs)
for greater access to existing PNW generation and, potentially, to facilitate the future connection
of non-utility bidders for MUNI supply contracts.!® 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 through Pacific Intertie
AC and DC lines that are owned by the California IOUs and the Los Angeles Department of
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 transfer capacity of the Pacific Intertie through upgrades
to existing lines.

However, the TANC utilities apparently believe 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 “municipal utilities had continually requested but were denied access over
the IOU portion of the existing AC Intertie” (CEC 1991). For example, “[i]Jn 1981, when
PG&E agreed that [the Northern California Power Authority (NCPA)] could purchase energy
in the Northwest to be transmitted under an interruptible transmission tariff, there were several
occasions on which NCPA found an energy source in the Northwest, contracted for it, and
obtained available transmission from PG&E. In each of those occasions, NCPA found that,
within a few hours, when the PG&E dispatchers located the source of that energy sold to NCPA,
the transmission line would be declared unavailable to 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 transmission development
between the state’s municipal and investor owned utilities” (CEC 1991), nor have voluntary

10 See, for example, Independent Power 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
10U’s] general approach is something of a misnomer. [The IOU] exercises such muscle in these
(planning) activities that [the municipal utility] is greatly overshadowed. To the extent that joint
planning takes place, it consists of fthe IOU] telling [the municipal utility] what [the municipal
utility] will be permitted to 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 MUNISs to cxisting lines and limited opportunities for MUNIs
to participate in joint planning, a central aspect of COTP is the balance of power provided by
transmission access: the IOUs naturally want to protect their markets, whil. the MUNIs 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 IOT_ are
subject to different reguiatory constraints. There are no consistent standards that must be met
by all 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 IQUs to a greater degree than the MUNIs
in this arena. In ract, since ZOTP passes through 10U service areas it might be expected that
the *C'Us would be more sensitive to at least some issues such as the environmental exiernalities
of transmission construction.

The Division of Ratepayer Advocates (DRA) at the CPUC evaluates projects from the
perspective of ratepayers of the utilities that are under the jurisdiction of the CPUC, namely the
IOUs. The DRA report on COTP indicatzzs that COTP will, on balance, make the three I0Us
and their ratepayers collectively worse « .7 (DRA 1990). However, equity participation in 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 maintain more of their
wholesale market: for example, “PG&E acknowledges its desire to maintain as much control of
Northwest-related transmission as it can in its CPCN Application” (EDAW 1990). Ironically,
the Federal Government encouraged IOU participation in the project (EDAW 1990), although
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COTP can proceed without IOUs since TANC has obtained financing and has eminent domain
rights (Flynn and Associates 1990).

The DRA recommends that the California IOUs improve the operational efficiency of their
transmission networks through increased coordination (DRA 1990). For example, it is possible
that the MUNI transmission access benefits of COTP could have been achieved without
construction of COTP by, for example, the IOUs selling or leasing entitlements of the existing
Intertie to the MUNIs. As with assessment of DPV2, there is a significant question of whether
or not the existing network is being used optimally. Whether or not the full MUNI access
benefits of COTP could bz 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 suppliers and to reduce competition from the MUNIs for power
purchases from distant markets. Without transmission access, the MUNIs must purchase power
from their native IOU or build new transmission.!! These costs may have been avoided
through a more efficient utilization of the existing network.

Environmental externalities 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. For example, the conclusion of the DRA report is that total pollution will be increased
with COTP, and the CPUC decision also discusses the valuation of pollutants emitied into the
air. However, the economic analysis does not indicate if the net effects of COTP on society,
including all ratepayers and utilities, and considering all 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 and out-of-state pollutants are valued differently and
arbitrarily. Therefore, the analysis does not indicate if COTP is a net positive contribution to
‘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 all the affected Californian participants and a
Jortiori does not extend to all 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
adjudicate such 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);

! For example, in relation to another MUNI sponsored line, Mead-Adelanto, SCE desired to discourage
construction in order to avoid MUNI bypass (Mays 1990).
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however, in DFI’s base-case scenario, and assuming no institutional impediments to optimal
transmission utilization, increased PNW-California capacity may not be 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 assumptions drive this conclusion, including:

gas price trajectories,

coal price trajectories,

transmission construction costs,

constraints on out-of-California construction for the benefit of California,

effects of demand-side management,

demand growth trajectories, and,

differences in environmental externality costs between California and other regions.

These assumptions and 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-California transmission 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. whether benefits available in the short term justify construction before the turn of the
century.

Anecdotal evidence suggests that the constraints on transfer from the PNW may be most
effectively removed, not by the construction of more transmission capacity directly between the
PNW and California, but by the construction of more capacity in states such as Idaho or 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 Northwest power coming into southern California is the
shortage of certain kinds of capacity in the Idaho area. That person 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 transfer capability 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 curtailed due to counterclockwise loop flow reducing
transfers of Northwest firm and economy energy to California” (Hayward et al. 1991).
Conversely, “[1Joop flow inhibits some of the intermountain states 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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While 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
through judicious network expansion of transmission lines that are remote from the PNW. This
is an illustration of the "strong line/weak line" externality illustrated by Examples 2 and 4 in
Section 2.3.2 above. Other, potentially cheaper, ways to improve transmission capacity from
the PNW include:

1. technical fixes, such as described in EPRI’s Flexible AC Transmission Systems
Study (EPRI 1990), that improve transfer capability without major construction work,
and

2. ‘stability mitigation’ procedures as suggested in (CEC 1991).

The feasibility of other transmission improvements is 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 Department of Energy and
the Western Area Power Administration were two of the three lead agencies for the
Environmental Impact Study (EIS) for COTP. Four other Federal Agencies also cooperated in
the study. However, no alternative routes or transmission alternatives outside of California were
considered in the EIS (USDOE 1988).

Even if some Pacific Intertic expansion is necessary for maximizing welfare, there is still an
important question of whether COTP, as proposed, is the optimal transmission project or is
optimally timed. For example, “[t]he involvement of the IOU’s [sic] and other entities in the
project subsequent to the original proposal did not result in an increase in the size of the project,
indicating the project may have been oversized in the near term from a municipal utility perspec-
tive without IOU participation” (EDAW 1990).

Furthermore, subsequert to the original COTP proposal in 1984, the capacity of the existing
Pacific Intertie has been increased through upgrades, while the availability of PNW energy has
decreased (CPUC 1991). Because the current Pacific Intertie is under-utilized and will continue
to be so due to long-term changes in the Pacific Northwest supply balance (DRA 1990), it
appears that the COTP will further decrease the utilization of the Pacific Intertie.

In Section 5.2, we discuss the Western Systems Power Pool (WSPP) and the Large Public Power
Council (LPPC) transmission proposal, which advocate market-based pricing for transmission
services. Intertemporal unsustainability analysis suggests the potential entry of the MUNISs into
the previously IOU dominated transmission market may be incompatible with a market-based
pricing mechanism. To demonstrate this potential effect, we paraphrase the analysis in (Baumol
1988), which was described in Example 9 in Section 2.3, as it applies to COTP to show that the
conditions for intertemporal unsustainability are satisfied in this case.

We view the IOUs as (sometimes unwilling) incumbent suppliers of transmission to the MUNIs.
The MUNIs have traditionally been buyers in the transmission market; 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
transmission supply market, we view the IOUs as incumbent suppliers and 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 maximization as 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 undertake the expansion; for simplicity,
we will assume that these differences are relatively small. Furthermore, because payoffs accrue
to different participants, there are differences in pecuniary interests: this is an important part of
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 bundled as retail rates or as unbundled sales of
transmission capacity, IOUs expect to cover costs of transmission in 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
described above, the DRA analysis (DRA 1990) indicates that there will be considerable unused
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 potential Independent Power Producers’ (IPP) resources in the PNW. For example,
Sacramento Municipal Utility District (SMUD) has recently recommended purchases from two
independent power producers in British Columbia (IPR 1991). However, the complexity of the
technological issues involved in determining the benefits makes it very difficult to assess the
interplay of technological and institutional issues.

4.3.3 Summary

The significant institutional issues are: competition between IOUs and MUNIs over access to
existing and planned transmission, asymmetric constraints between I0Us and MUNIs due to
anomalies in regulatory jurisdiction, state and regional conflicts and lack of planning jurisdiction
and initiatives on a regional scale, pecuniary versus real benefits of QF payments, and standard-
ization of benefit assessment for all utilities.
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The technological issues are radial
reinforcement to a remote resource
to the PNW, yet also negative
network extfamalmes due to To Cal Energy(China Lake)
parallel flow in the whole North-
West region, and potential
economic unsustainability due to
economies of scale coupled to
growth. Finally, the technical
evaluation of the benefits brings
into question the optimality of this
large, complicated project. As
with DPV2, the relationship of
planning to the efficiency of
current operation is also in
question.

(Note: schematic only, not to scals, most lines omitted.)

Kramer Substation §————— To Luz (Harper Lake)

\ Proposal 2 4
\ '-
Proposal 3

Kramer-Victor Line Proposal 1

'__._________,/

) Victor Substation

4.4 Kramer-Victor
Line (K-V)

4.4.1 Background

Existing Victor-Lugo Lines ‘g Lugo Substation

California Energy Company (Cal
Energy) and Luz International
Limited (Luz) are two companies
developing generation facilities in Figure 4-3

the Mojave Desert to sell  pngap of Pertinent Lines in Kramer-Victor Area
electricity to Southern California

Edison (SCE) under standard

contracts for Qualifying Facilities (QFs) (CPUC 1990a). Cal Energy 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 subsequently entered bankruptcy.

Source: figure 1 of CPUC (1800) and figure 7 of Rupp (1880a).

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 Harper Lake and SCE’s
Victor substation. A schematic of 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 Harper Lake to Victor. SCE’s initial proposal to Cal Energy apparently
also involved radial connections from China Lake via Inyokern Substation to Victor (Verhey
1990). From Victor, there is ample transmission capacity to SCE’s Lugo substation, which is,
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in turn, 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 output of the Luz units. The lines could be built one at a time as the
Luz capacity increased so that the risk of unused capacity would be small. With all four lines
built, the N-1 criterion would be satisfied by the lines. The proposal is summarized in Table 4-
2a, with total costs estimated in July 1987 at 55 M$. 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 further transmission plans to Luz (Verhey 1989a):

Proposal 2: A double-circuit 220 kV radial line from Harper Lake to Victor, with
most of its length paralleling existing lines from Kramer to Victor,' and,

Proposal 3: A 12 mile, 220 kV single-circuit radial line from Harper Lake to Kramer,
interconnection with 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-Victor area 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 apparently loaded 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-Victor would 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 not applicable
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 transmission capacity, we adopt SCE’s argument and consider thermal capacity
only, neglecting the N-1 criterion. Under this assumption, the Kramer-Victor line in Proposal 3
had ample capacity for moving both Luz’ and Cal Energy’s generation from Kramer to Victor.
Its rating of approximately 1000 MW would leave 370 MW of uncommitted capacity on the line.
Luz and Cal 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 brought before the California Public Utilities

12 Under one interpretation of Proposal 2, there would have been a double-circuit line from Kramer to Victor.
The two circuits would split at Kramer into two single-circuit lines, with one going to Harper Lake and the other
to China Lake.
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(a):

(b):

Table 4-2

Kramer-Victor Transmission Proposais and Decision Chronology

July 1987, original Proposal from SCE (Verhey 1990).
Cost Aliocation
Proposal 1 M$ to Luz/M$
Two double-circuit 115 kV radial lines: Harper Lake-Victor (39 miles)
and substation upgrades. 55 55

April 1988, two further alternatives added to original proposal by SCE (Verhey 1990).

Proposal 2

Proposal 3

Double-circuit 220 kV radial line:

Harper Lake-Victor.

Single-circuit 220 kV radial line: Harper Lake-Kramer, interconnec-
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).
Allocation Allocation Allocation
Cost to Luz to Cal Energy to SCE
Final Proposal 3 MS$ /M$ /M$ M$
Single-Circuit Harper Lake-
Kramer 220 kV (12 miles) 10' 10 0 0
Operation and maintenance
costs at Kramer 22 2 0 0
Metering and telemetering 3.5 3.5 0 0
Double-Circuit Kramer-
Victor 220 kV (38 miles),
tower overbuilding, inter-
connection, substation 50 22 10.5 17.5
upgrades
Kramer-Victor 115 kV i3 6.5 6.5 0
rebuild
Total 78.5 4 17 17.5

Estimate based on coet of Kramer-Victor line (S0 M$), less cost of tower over-building (6 M$), and multiplied by ratio of

lengths (12 miles/38 miles) and by the ratio of the costs of single-circuit to double-circuit lines (1/1.43) (EPRI 1986).

Estimate based on operations and maintenance costs being equivalent to two man-years per year (0.2 M$) multiplied by factor
of 10 to obtain net present value.

60




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 approved at the CPUC and constructed, Luz and Cal Energy agreed to contribute to
the costs of rebuilding a 115 kV line between Kramer and Victor owned by SCE (CPUC 1990a).
The 115 kV rebuild provided capacity for the initial generation capacity until a larger
transmission line could be built. The allocation of the costs of the Kramer-Victor 220 kV and
115 kV lines and substation upgrades became the basis for dispute at the CPUC.

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 transmission operation with the uncertainty of future load growth,
since the 370 MW of uncommitted capacity 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
interconnection compared to places without such access, potentially accelerating growth in the
area. Evaluation of line benefits also depends on whether or not the line has ‘network’ effects
such as improving the reliability or reducing the losses. As indicated above, there was argument
over these i.sues.!

Some of the existing lines in the area are currently used to transfer power Northwards from the
Lugo substation to loads supplied from the Victor substation. The planned Luz 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
therefore exhibit the economies of scope that are intrinsic to two-way flow on transmission lines:
while initially built to support South-to-North flow, they would eventually be used to support
North-to-South flow as the relationship of generation to load centers changed. If these lines had
not already been present in the SCE system, then the cost of interconnection between Luz and
Cal Energy, and SCE may have been somewhat greater.

The towers for the Kramer-Victor 220 kV line are to be overbuilt relative to the minimum
requirements for 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 further taxing an already crowded transmission corridor” (CPUC
1990a). '

Edison is prudently taking advantage of economies of scale in transmission construction (CPUC
1990a) and the towers are SCE’s standard design; however, since “SCE does not currently
anticipate needing additional transmission capacity in this corridor” (CPUC 1990a), SCE may

'* The case is also muddied by the business association of Cal Energy with SCE (CPUC 1990a).
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be predicting that the Kramer-Victor line itsef will promote load growth in 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 transmission construction.

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

In its decision, the CPUC advocates the allocation of incremental costs and potential benefits of
the tower overbuilding to the ratepayers (CPUC 1990a). That is, the ratepayers pay for the
incremental cost of overbuilding and reap all the economies of scale. Since the remaining costs
are to be allocated between the ratepayers, Luz, and Cal Energy, it is arguable that Luz, Cal
Energy, and SCE ratepayers should all share in the benefits of the economies of scale in
construction. For Luz and Cal Energy to share in 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 all 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 interpretations of previous CPUC decisions, the costs of Kramer-Victor excluding
the incremental cost of overbuilding are to be allocated on the basis of system-wide benefits
produced by the line, potentially including benefits due to, for example:

reduced line losses;

system security and reliability;
emergency support; and,
enhanced transfer capability.

On even the first issue, however, “[t]he parties disagreed as to whether change in losses should
be measured across the entire SCE 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 disagreed as 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 ignored if the assessment is restricted to changes in losses
in the Kramer-Victor area only. Figure 4-3 omits many of the lines in the area and the Kramer-
Victor line may have a noticeable effect on flows in these lines and throughout the SCE system,
therefore contributing to network loss reduction (Rupp 1990b).
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As we have remarked earlier, there are currently no national standards for the assessment of the
costs and benefits of transmission, which furthermore depend on a considerable amount of
information that is private to the utility, such as:

» line loadings and the amount of excess transmission capacity in the area;
the availability of transmission corridors;

¢ the effect of the 630 MW of Luz and Cal Energy generation on unit commitment and -
generation levels at other generators, in particular, the changes in generation at
SCE'’s Coolwater plant (Rupp 1990a)(Rupp 1990b);
line impedance data for loadflow analysis to assess changes in losses; and,
growth estimates for the Kramer-Victor area.

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-Victor line: it has both network and radial characteristics. However, the line possesses
economies of scale and scope that make the allocation of benefits dubious at best. Litigation and
delay are almost certain consequences. 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. Comparing Tables 4-2a and 4-2c, it is clear that Luz’ final cost allocation
of approximately 44 M$ is more favorable to it than the initial allocation of 55 M$. 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
transmission needs of Luz and Cal Energy. In the following paragraphs, we will analyze the
social welfare implications of the difference between Proposais 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 Lake-Kramer line would terminate and 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 transmit all of the capacity for Cal Energy. As this line was
built anyway as an interim measure, it is reasonable to 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 M$. 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
Summary of Economies of Scale in Kramer-Victor

Cost/ Per Unit Cost

Transmission Plan M$ /($/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-Victor 220 kV
Capacity 4.5 0.3

Luz and Cal Energy of 68 M$, (excluding the cost of the China Lake to Kramer capacity.) The
average cost of this capacity is 2.8 $/kW mile, based on the Harper Lake-Victor lines being
rated at 480 MW in total and the Kramer-Victor rebuild increasing capacity by 150 MW "

The total cost of Proposal 3 is 78.5 M$, but this includes 6 M$ of tower overbuilding that is not
necessary for the QF interconnection. Therefore, for comparison purposes, we estimate the cost
of Proposal 3, excluding the tower overbuilding, to be 72.5 M$. The average cost of this
capacity is 1.7 $/kW mile, based on the Harper Lake-Kramer line being rated at 480 MW and
the Kramer-Victor 220 kV line being rated at 1000 MW,

The difference between the two total costs is 4.5 M$. The difference in transmission capacity
between the two Proposals is approximately 370 MW of additional capacity between Kramer and
Victor. The incremental cost of this capacity is 0.3 $/kW mile. SCE has paid more than the
incremental cost since it was allocated 11.5 M$ of the costs (again excluding tower
overbuilding). However, at 0.8 $/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-Victor 220 kV line itself. These figures are summarized in Table 4-3.

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

14 Here we are assigning ratings to the lines equal to their required loading, because excess capacity in a radial
line to @ remote generator is not easily sold or otherwise used. This may underestimate the poteatial for using
excess capacity on the Kramer-Victor 115 kV rebuild.

15 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 $/kW mile due to expectations of future load growth. Under this
interpretation, the network solution of Proposal 3, which takes advantage of econemies of scale
of construction, is superior to the radial solutions because it provides for Cal Energy, Luz, and
future load growth at a lower overall cost than would be possible with the radial solutions. To
see this, note that:

1. while Proposal 1 was cheaper overall than Proposal 3, (68 M$ versus 72.5 M$) it did
not provide any additional capacity, and,

2. while Proposal 2 would have cost approximately the same as Proposal 3, the use of
radial connections would not have provided any additional capacity 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 transmission lines, 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
capacity may be an example of this strategy. 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,
transmission issues are left for later consideration and can make an otherwise economic project
not viable” (Alahydoian and Comnes 1990).

This problem is generic to any contract for supply by a non-utility generator that only considers
the cost of transmission as an after-thought and not as part of the initial decision process. There
is no incentive for the buying utility to make or reveal an accurate estimate of transmission costs
and benefits nor to follow a consistent policy for access to and pricing of transmission. It is
natural for 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 (Shirmohammadi et al. 1991, Staschus et al. 1991). We will discuss one of these
proposals, the Pacific Gas & Electric Multi-Attribute Bidding Framework in 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
utility plans. The interim 115 kV rebuild was apparently necessitated 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 occurred in this case.
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Because Luz and Cal Energy were proposing projects at approximately the 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 transmission needs of QFs or IPPs may not
appear with such convenient timing so that opportunities for taking advantage 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
transmission economies in Appendix A.S.

The Kramer-Victor line has excess capacity compared to the needs of Luz and Cal Energy.
Lumpiness of transmission construction has dictated that SCE obtain CPUC approval to invest
in and ratebase transmission in excess of that needed by Luz and Cal Energy. On the other
hand, while Luz and Cal Energy have agreed to pay for considerable transmission upgrades, they
apparently have no rights to the network transmission they have paid for, other than the right
to sell electricity at their interconnection to 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 interconnection seriously
affect the financial viability of both firms and may have contributed to Luz’ bankruptcy. As
remarked above, Luz contends that it was forced into paying for interim measures that were
caused by SCE’s delays. The settlement thus paradoxically combines elements of Averch-
Johnson behavior (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 I0Us and QFs over allocation of
costs of transmission, information asymmetries concerning operation of the system and benefits
of new capacity, and lack of standards for assessment of, among other things, loss benefits.

The technological issues are: network versus radial reinforcements (Proposal 3 versus Proposals
1 and 2), positive externalities due to increased transmission access in the area, economies of
scale in building a single large transmission project to accommodate two QFs instead of two
smaller radial projects and also involving intertemporal allocation 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 network to take
advantage of economies of scale. This is discussed in detail in Appendix A.S.
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4.5 Duquesne Light/GPU Joint Venture (DL/GPU)
4.5.1 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
completing construction of two nuclear power plants (DLC 1990), which exacerbated Duquesne’s
problems by increasing the baseload capacity just as baseload demand was decreasing.
Duquesne subsequently closed down two existing fossil fuel plants:

¢ the Phillips Station, which is coal-fired with 300 MW capacity, and,
e 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, representing an opportu- (Noke: Schematic only, not to scale.)
nity to recoup some of the investment in
the Phillips and Brunot Island Stations. | _~"|
Duquesne proposes reopening the Phillips
and Brunot Island Stations and selling
their energy and capacity. However,
access to the market is limited because of

transmission constraints, including severe
parallel flow constraints (DLC 1990). To Pi 0 Harrisburg
increase transmission capacity in order to itisburg

sell generation capacity, Duquesne and
General Public Utilities (GPU) have
proposed the jcint construction of a Source: Map included with Duquesns Light
single-circuit 500 kV line with phase- Company (1901).

shifters and series capacitor compensation
between Pittsburgh and Harrisburg (DLC
1990). A schematic map of the proposed Figure 44

line is shown in Figure 4-4. Map of Duquesne/GPU Joint Venture
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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
increase Eastward transmission capacity, but also utilizes phase-shifters to control parallel flow.
Economies of scale in construction encourage the building of a 1500 MW line, which is approxi-
mately three times the necessary minimum capacity needed to transmit power 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 rata basis. GPU will own 1000 MW of the
capacity and will transmit the Phillips and Brunot Island 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 unregulated project and exclude it from ratebase. Subsequently the
Pennsylvania PUC determined that this capacity would be treated as a traditional regulatory asset
(PaPUC, 1992). Independent of 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 auction procedure is to maximize
the economic efficiency of the capacity allocation. Successful bidders able to reassign or sell
their entitlements, making a secondary market possible (DLC 1991). A secondary market would
help in assuring that Duquesne does not have monopoly power in the transmission market.

Duquesne and GPU filed their joint submission to FERC in June 1992. The proposed auction
arrangements allow bids on a $/kW basis for any range of years and range of desired
transmission service quantities. That is, each bidder submits a bid price in $/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. All other bidders are allocated zero capacity.

The winning bids are chosen to approximately maximize the value of the bids, subject to the line
capacity limit and the bidders’ desired quantity constraints. The cost charged for the capacity
depends on 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 minimum acceptable quantity (MAQ) constraints in the bids pose special problems for the

auction. In the case that the MAQs were zero for all 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 approximately optimize 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 repeated
until all 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
necessarily deliver the best set, but its proponent argues that in practice the sub-optimality is not
significant and that the algorithm prevents bidders from benefitting from gaming of bids that
might occur if the true optimum was sought (Hogan 1992). The heuristic may in general reject
some bids with non-zero MAQ constraints that would have formed part of an optimal set of bids,
and may accept some bids having no MAQ constraints that would not have formed part of an
optimal set of bids.

It is reasonable to suppose that utilities 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 from the auction, but which have not been completely
resolved. For example:

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

The first issue is problematic if bids for far-future transmission do 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 that are successful in bidding for transmission capacity,
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 information asymmetries between Duquesne/GPU
and the Pennsylvania PUC concerning the risk of unsold transmission capacity, raises questions
about manipulative behavior. Clearly, the constraints on the regulated and unregulated
operations of the line would be different. If Duquesne and 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 unregulated venture. If they know that there are significant risus in marketing
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Table 4-4
Annual Revenues for 500 MW of Transmission Service

Duration'/hours/yr
1000 3000 5000 8000
Price?/(mills/kWh) Annual Revenue/M$
2 1.0 3.0 5.0 8.0
5 2.5 1.5 12.5 20.0
7 35 10.5 17.5 28.0

Notes:
! 8760 hours is one year.
2 The range of 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 mills/kWh (Schori 1991)

the capacity, they would want to ratebase the line to assure returns that are more independent
of utilization. However, the Pennsylvania PUC may not have adequate information to accurately
assess the riskiness of the potential transmission investments.

Ameliorating this concern is the observation that because of the cost 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 unregulated part of the transmission project
is truly a shareholder responsibility, while ratepayers get some of the economies of scale, it may
not be appropriate for the regulatory apparatus to review the size of the excess capacity.
Because of the novelty of the original arrangement, it is important that the contractual
arrangements avoid any possibility of ratepayer liability for losses on the unregulated part of the
line. Furthermore, the owners should be prevented from shifting sales of transmission capacity
between the unregulated and regulated parts. The ratebasing solution adopted by the
Pennsylvania PUC makes these concerns moot. Consumers bear the marketing risk under
ratebasing, and get the opportunity to earn excess revenues.

The revenues from the transmission are unlikely to be excessive as the following calculation
indicates. Table 4-4 shows the annual revenues for various transmission prices and durations.
The range of prices is taken from comments in (Schori 1991) concerning market-based
transmission prices in the Western Systems Power 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 revenue would be 20 M$, which is approximately adequate to cover the 117 M$ capital cost
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 supporting justification for the line, Duquesne is claiming the positive externalities of indirect
jobs created by the line construction.

4.5.3 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
transmission investment. The technological issues are network and radial reinforcement, 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
uncertain potential market. Since there are information asymmetries concerning the 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-building is borne by Duquesne shareholders and not ratepayers,
then this uncertainty should not necessarily be of great concern. The auction arrangements are
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, formerly Public Service Company
of Indiana, Inc.) are proposing to interconnect their systems at 345 kV through a 125 mile line
from the Battle Creek Substation in 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 reinforcement of the 138 kV system in South-Central Michigan. A schematic map of the
proposed line is shown in Figure 4-5.

Each utility is planning to build the part of the line that is in its service territory. CP’s part of
the line, approximately 60 miles long, will provide approximately 500 MW of interconnection
capacity to the system at a cost of 79 M$ (in 19948%), including the cost of a new substation at
Branch in South-Central Michigan (Johnson 1992). The initial proposal is for a single-circuit
line built on towers that can support a second circuit. The double-circuit construction costs are
about 13 M$ more than single-circuit construction (Johnson 1992).

The Branch substation will accommodate phase-shifting transformers and a 345 kV to 138 kV
step-down transformer and 138 kV construction to supply local load in the Branch area. The
transformers and circuit-breakers at the Branch substation will cost approximately 27 M$, with
about 5 M$ of that for the 345 kV to 138 kV transformer and 138 kV construction and the rest
for the phase-shifting transformers. The capacity of the line (¢f. 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 nuclear power
station, located in Midland
County, Michigan. The
original design included
supply of waste steam to
the adjacent facilities of the
Dow Chemical Company
(Dow). However, by the
early 1980’s, financing
problems caused CP to halt
construction. As of July
1984, $4 billion had been l
spent in bringing the plant
to 85% completion.

Subsequently, CP decided Ohio
to convert the Midland

Station into a natural gas- -
fired combined cycle
facility, the Midland
Cogeneration Venture
(MCV). The design .
feature of supplying steam Iindiana
to Dow was kept, allowing
the new facility to be a
qualifying facility (QF) Noie: schematic only

under PURPA. Source: Exhibit A and B of CP (1990b)
Approximately $1.5 billion
of assets, including the two

Michigan

Jackson

Indianapoiis

steam turbine generators, Figure 4-5

piping, buildings, Schematic Map of CP-PSI Line

transmission tower, and

control room were useful

in the new facility; however, $2.2 billion of nuclear equipment was unusable and abandoned.
The cost of the abandoned equipment was written down by CP (MCVLP 1991).
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The MCV is partly owned by a subsidiary of CP’s parent company, 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 whether MCV 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 another gas-fired facility, allowing 840 MW to be purchased from
the MCV. The MPSC orders were appealed and are subject to ongoing dispute. However, CP
is contractually obliged to pay for the capacity over a 35 year period: if CP cannot purchase or
resell the MCV power, then “Consumers could 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 remaining 35 year term” (CP 1992b). The total
losses are far in excess of the cost of the CP-PSI line itself.

MCYV has approached CP for estimates of the cost of transmission service to deliver power to
PSI’s service territory to facilitate MCV participation in PSI’s non-utility resource bidding
program. CP responded with estimates of transmission costs 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 purchasing power from PSI (CP
1990a).

In addition to MCV, other alternative resources have been considered in this case. One of these
was an offer from an association of MUNIs (MPPA, 1991). CP called into question the validity

of this offer (CP 1992c). Wheeling arrangements for the delivery of economy energy were also
examined.

4.6.2 Significant Issues
The line illustrates two types of economies of scope of transmission operation:
1. the tapping of the line at Branch to support the local 138 kV system as well as the
line being a bulk transmission path 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 Branch to
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 Application to the MPSC (scenarios BIR, B2R, and B3R in (Osborn 1992)), the complete
project is only marginally financially viable even including 25 M$ of benefits due to economies
of scope in supporting the 138 kV system at Branch.

Like the DPV2 case, there was substantial dispute about the data used in the economic analysis.
Several new economic issues emerged during the 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 incorporated into the economic analysis. Both the MPSC staff
and CP asserted that their differing positions were consistent with the last IRP. Yet each party
found some reason to either update or 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 transactions are North-to-South, while CP argues
that the main purpose of the connection to PSI is for South-to-North economy purchases, it is
reasonable to think of potential MCV transactions as counterflow wheeling. 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 transmission services.

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, particularly the increased competitive pressure that it will create. The MPSC staff
has shown skepticism about these (MPSC, 1992).

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

The significant institutional issues are: the asymmetric constraints on CP and the MCV, which
may motivate the construction of a line to allow the MCV to sell its output; potential state versus
regional conflicts, since the line spans from one state to another yet is being analyzed in a piece-
meal fashion; pecuniary and real benefits, since the line may have been proposed essentially to
transfer cost responsibilities; and, standards in the assessment of need for a transmission line.

The main technological issues are: the negative network externalities that necessitate phase-
shifters to enhance transfer capacity, and economies of scope in transmission operation. 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 regulatory process. In DPV2, the changing economics of
the project presented at the CPUC cast doubts on the transmission planning methodology used-
by its proponent. In COTP, an economic benefit analysis is used by the IOUs to justify
participation in the project, while the more fundamental reasons may be competition between
transmission owners and transmission dependent utilities. In K-V, the allocation of costs turns
on ill-defined assessments of system benefits. Collectively, it is apparent that the regulatory
apparatus is 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 projects developed afier the respective utilities decided to become
involved. This is particularly obvious in the DPV2 case. Economic and technical justifications
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. Standardized definitions of benefits and uniform software tools would make such studies
much more straightforward. The joint study conducted for DPV2 is an important step in this
direction.

The COTP indicates that the piecemeal jurisdiction of State regulation is unable to effectively
regulate large regional projects; however, neither has the FERC been able to encourage regional
views of transmission expansion. Recently, two Bills, Tauzin (1991) and Markey (1991), have
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 specific need, but to take advantage of economies of scale, it is overbuilt relative to minimum
requirements. One third of its capacity will not be ratebased. 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]|DjC
P |OT| - G | PP
Category Issue Features \'/ v P
Competition Wheeling Access for TDUs X| X
(transmission dependent utilities)
Independent Power X
Asymmetric Constraints X XX
Institutional Regulation State and Regional Conflicts X X
Pecuniary versus Real Benefits X X X
Information Asymmetries X X X
Standards X X|X X
Line Radial X| XX \|X
Characteristics Network X X X
Technology Network Negative XX X|X
Positive X X | X
Externalities Synergies X X
Economies Intertemporal Allocation X X
Structure of Growth Uncertainties X | X
Scale Unsustainability X
| Economies of Scope X X X
Decision- Feasibility Operations X| X X
Making versus Planning X|X|X|X}X
Complexity Optimality Operations and Planning X X X
Key: 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
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On the other hand, the last case study, the CP-PSI Line, is particularly troubling since a line is
potentially being built to circumvent a MPSC ruling. Furthermore, if CP is successful, then the
ratepayers of Michigan will pay for the line,

The case studies and issues are summarized in Table 4-5. The detail of treatment of issues for
certification of lines should be compared to the limited detail considered in the Integrated
Resource Plans discussed in Chapter 3. Several institutional issues such as competition and the
need for standards are prominent in most of the case studies, but are not necessarily being
addressed in the regulatory process. Technological issues such as economies of scale of
construction and externalities due to paralle] flow are also common to most of the studies.

While we do not necessarily believe that these projects are typical of construction projects in the
United States as a whole, the fact that they represent over 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 current proposals address these 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 on
improving the regulatory treatment of the transmission issues developed in the previous chapters.
The goal of this chapter is to examine adopted or proposed mechanisms that address regulatory
problems in some unique fashion. Qur choices 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 Vermont Electric Transmission Company;

2. the Western Systems Power Pool Experiment;

3. the Large Public Power Council Proposal; and,

4. Pacific Gas & Electric’s Multi-Attribute Bidding framework.

The first and second have been implemented in Vermont and across 22 Western States,
respectively, while the third and fourth are still under discussion. 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 foliowing Federally adjudicated cases:
1. PG&E’s Stanislaus Commitments;
2. Toledo Edison and Cleveland Electric nuclear plant license conditions; and,
3. Utah Power and Light-PacifiCorp Merger Implementation.

While these three cases are not generic proposals, they represent potential 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 complementary action at the State and Federal level to mesh with the
institutional arrangements of utilities (Stalon 1991b). For this reason, we bring these initiatives
together in this chapter.

In the last subsection of each study we will summarize the main issues treated coherently by the
initiative. Then, in Section 5.5, we tabulate the summaries and discuss the potential for
complementary combinations of cases to simultaneously address all of the issues raised in
Chapter 2.

§.2 Utility Proposals and Frameworks
5.2.1 The Vermont Electric Transmission Company (VELCO) Description

VELCO was formed in the mid-1950s when utilities in Vermont had the opportunity to acquire
contracts for power from United States Government financed hydroelectric projects in the
St. Lawrence Seaway (VELCO 1989). Access to this power necessitated coordinaicd
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 Vermont utilities joined in sponsorship and VELCO was formed
in 1956, owned at its inception by (VELCO 1957):

¢ 4 Cooperatives;
® 15 Municipal Utilities; and,
® 14 Investor-Owned Utilities.

VELCO obtained ownership of the bulk transmission system in Vermont and took responsibility
for transmission planning. Its function is: “to contract for the purchase of...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
consideration given to multiple power 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 individual utility, and is not run to profit from transmis-
sion services, the strategic aspects of information asymmetry are defused since there is no
incentive to conceal or misrepresent transmission system data.

Under the VELCO agreements, transmission services can be reassigned (VELCO 1981), and
disagreements are to be submitted to binding arbitration. These arrangements have been in
place for more than thirty years and have successfully coordinated the transmission needs of
10Us, MUNIs, and Cooperatives in Vermont. While the amount of transmission owned by
VELCO—less than 500 miles of line—is small, the longevity of VELCQ indicates that the
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institutional issues of multiple ownership can be handled within a conventional company
structure.

Summary

The institutional issue of wheeling access has been treated coherently by VELCO, and the single
transmission company treats all utilities in Vermont symmetrically, considering real benefits of
transmission access. By having only one transmission company to deal with, transmission access
has been standardized; however, state and regional conflicts are not addressed explicitly. The
company arrangement defuses the problem of information asymmetries. By performing
statewide planning, the technology structure issues of radial and network expansion, intra-state
externalities, and economies of scale and scope are treated coherently. Long-range planning is
addressed. The potential for unsustainability is avoided by having only one authority to
undertake transmission construction.

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
Canadian Province (Gross 1991). Its operation between 1987 and mid-1991 was as a FERC-
approved experiment in flexible pricing. Utilities participated in coordination sales to improve
economic efficiency at prices decided between participants, but subject to FERC ceilings. Each
transaction is voluntary. It is unlike traditional power pools in that there are no provisio