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Abstract

One of the most disputed issues of the electricity industry restructuring process has been
the organization of the transmission sector of this industry. It has been widely held that this
sector must remain tightly regulated due to the external costs and benefits that arise from
the operation and construction of transmission resources. In this paper we discuss the
traditional approaches to managing these network externalities and examine the potential
for a system of tradeable transmission rights, such as transmission congestion contracts, to
successfully manage these externalities in a lightly regulated environment. © 1997 Elsevier
Science B.V.
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1. Introduction

Of the many challenges that need to be overcome in creating a viable,
competitive electricity industry, those involving the transmission sector of this
industry have proved to be the most disputed and difficult to resolve. The
simultaneous, and sometimes apparently contradictory, initiatives undertaken by
the California Public Utilities Commission (CPUC, 1996) and the Federal Energy
Regulatory Commission (FERC, 1996) have only added to the confusion. Both
initiatives recognize that traditional approaches to transmission pricing, planning,
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and investment are incompatible with an industry in which competing interests vie
for the usage of this key strategic asset. However, both offer little more than broad
policy goals and guidelines that will need to be accommodated.

Several approaches to organizing the transmission sector have been proposed
and the details of some of the more complete of these proposals are beginning to
emerge (see, for example, Wu and Varaiya, 1995, Chao and Peck, 1996). In
California, the approach that is currently favored involves the locational pricing of
various ‘‘zones’’ of the network combined with a form of financial transmission
““property’’, | the transmission congestion contract (TCC). While the ownership
of transmission assets will remain diversified, control over these assets will be
placed in the hands of an independent system operator (ISO). While many of the
principles of locational pricing and financial transmission rights, known as ‘‘con-
tract networks’’, have been around for some time (Schweppe et al., 1988, Hogan,
1992), and their application to the California market has been discussed for more
than two years (see Garber et al., 1994), a fully comprehensive description of the
organization of a transmission market in which TCCs are traded and created has
yet to be articulated.

In this paper, we outline the process for grid investment that is implied by a
contract network approach applied to a competitive, deregulated environment. It is
not clear how far towards this vision the actual restructuring process in California
will go, but it is important to understand the implications of TCCs under the
competitive paradigm. We will attempt to clarify the key differences between grid
investment under the present industry structure and investment in a competitive
environment. We describe the relative strengths and potential weaknesses of both
approaches.

In the following section we discuss the organization of the transmission sector
under a competitive contract network approach and contrast it with the current
organization of transmission markets. Section 3 defines the transmission conges-
tion contract and describes its use as a hedging instrument for a locational spot
market. Section 4 outlines the process for allocating new transmission contracts
using the concept of ‘‘feasible’ sets of contracts. In Section 5 we summarize
some of the theoretical results that have been established about TCCs, grid
revenues, and investment incentives. In Section 6 we conclude with a discussion
of the implications of a market for transmission and the role in which TCCs could
play in such a market.

" TCCs, as we define them here and as others have before, are a form of property that entail both
rights and obligations, since a given TCC can have a negative value. It is important to note this when
making comparisons between TCCs and other forms of transmission “‘rights’’ that usually provide an
option to not exercise that right. Harvey et al. (1996) discuss the concept of an “‘option” form of
TCCs.
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2. Transmission market organization

Two cornerstones of the present grid investment process that will be altered
significantly by restructuring are the mechanisms for fixed (or ‘‘embedded’’) cost
recovery and the incentives for coordination and cooperation between affected
parties. This is not to say that these functions will not be provided in some other
form. The important distinction to be made is whether these functions will be
provided through the oversight of institutions such as the ISO and regional
transmission groups, or in a more decentralized fashion through the use of market
incentives and tradeable transmission rights such as TCCs.

Under this second, more lightly regulated organization of transmission markets,
grid investments would be made by individual, or coalitions of, unregulated
companies who would receive no explicit guarantee of recovery of their capital.
These companies would make the investments simply because the benefits they
receive from adding transmission capabilities would offset the investment cost.
Ideally, such investments could be made anywhere on a regional network, so
investors can focus on the most cost-efficient way to enhance network capabilities.

The role of regulatory institutions in this process would be minimized. The
notorious externalities, both positive and negative, that are created by the nature of
electric flows seem to necessitate some level of institutional involvement. How-
ever, there is hope that a workable system of transmission property such as TCCs
can sufficiently internalize these externalities and limit the need for regulatory
intervention.

The prospects for the success of such an approach hinge upon the ability of
TCCs and the rules used to allocate them to deal with these externality problems.
When judging the performance of TCCs in this regard, it should be noted that the
existing regulatory approaches have also had to deal imperfectly with these
problems. Traditionally, the principle of fixed cost recovery has been used to deal
with the positive externalities—the ‘‘free-rider’” problem of network investment.
Regional reliability councils and other voluntary institutions have traditionally
been the arena in which disputes over the negative externalities of network usage
and construction have played out. It is useful therefore to consider the deregulated
contract network approach in the context of these two current ‘‘fixes’” to network
externality problems.

2.1. Embedded cost recovery

Historically, transmission projects, like generation projects, were considered
necessary applications of utility capital. That capital, including a “*fair’’ rate of
return, would be recovered through cost-based regulation. Oversight of the deci-
sion-making process was carried out through the imperfect controls of planning
hearings and prudency reviews. Before an investment in the network could be
made, investor-owned utilities needed to acquire from regulators a Certificate of
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Public Convenience and Necessity (CPCN). Once this was accomplished, utilities
were guaranteed recovery of their investment through the rate-base and other
transmission related revenues.

The efficiency of this piecemeal approach to transmission planning became
increasingly strained as the effects of transmission investments reached far beyond
the boundaries of any individual utility or state. Cost-based regulation placed
constraints on the set of options utilities could consider. Thus, for example, no
California utility would be allowed to add capacity in Idaho, even if that was the
most efficient way to increase flow capacity from the Pacific north-west into
California. In addition, the difficult technical questions associated with evaluating
transmission expansion options created severe information asymmetries between
utilities and regulators (see Baldick and Kahn, 1992).

The notion that the fixed costs of investments must be ‘‘recovered’’ in some
fashion is still deeply ingrained in the mind sets of utilities and regulators. It is one
of the principles for transmission pricing that the FERC requires to be honored in
filings of transmission tariffs. As such, the Western Power Exchange (WEPEX,
1996) proposal for the California electricity market will apparently include an
access charge designed to ensure that ‘‘the revenue requirement of each transmit-
ting utility will be recovered”’. It is expected that the size of the access charge will
dwarf any locational charges made for congestion by the ISO. Consequently, the
equity and efficiency effects of these access charges is in dispute. The use of
access charges to guarantee embedded cost recovery constitutes a significant
departure from the original competitive vision for decentralized transmission
ownership.

The original vision of a transmission market organized around TCCs did not
call for explicit charges related to fixed cost recovery. Investment costs would
instead be justified by the benefits they created. Garber et al. (1994) use the
example of a generation company located at the end of a potentially congested
radial line. When there is congestion, this generator receives a relatively low
locational price for his power since it is causing congestion in the network. The
generator can therefore invest in increased transmission capacity to bring its
locational price up to the unconstrained levels. The project is financed based upon
the expected profits from the increased revenues from energy sales. The role of
TCCs in this process is to guarantee that investors do not lose these benefits in the
event of future congestion of the network. Congestion might agin lower the
locational price, but, as we will demonstrate below, ownership of a TCC would
offset this price change.

It is important to note, however, that TCCs do not allow their owner to capture
the benefits that a given transmission investment may create for other parties.
They only ensure that their owner does not lose the benefits he already has. Thus,
to the extent that access charges and cost recovery are to have a justification, it is
in capturing the benefits of potential free-riders to an investment. It is unclear how
severe this free-rider effect would be. The economic concern is that the inability to
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capture benefits will lead to inefficiently low levels of investment. Garber et al.
speculate that this problem will be mitigated by coalitions that would form to
make joint investments. It is true that such coalitions have been formed in the past
when there seemed to be scarcely more incentive to cooperate. > It is far from
certain, however, that coalitions will be an adequate remedy for the free-rider
problem. The question is an important topic for future research.

This discussion also illustrates an important distinction between a TCC and a
more conventional form of transmission property, such as those in use today.
When a transmission owner has the right to charge ‘‘tolls’’, such as wheeling
charges, it can capture the external benefits to other users. The problem with such
approaches lies in the fact that electricity flows are determined by physics, not
economics. Thus, a line which effectively reduces the capabilities of the network
could at the same time earn large wheeling revenues. It is equivalent to being able
to reduce the number of lanes in a toll road that everyone has to drive on, and then
raising the toll in response to the congestion. This is the kind of negative
externality, inherent in electricity networks, that has forced utilities into forms of
ad-hoc cooperation in the planning and dispatch of their transmission networks.

2.2, Cooperative planning and coordination

The interconnected nature of electricity networks has necessitated a great deal
of coordination and negotiation between neighboring utilities and regulators.
Utilities organized nine regional reliability councils following the 1965 black-outs
in the North-East. These organizations, such as the Western States Coordinating
Council (WSCC), were formed to develop consistent reliability standards and
protocols and examine the regional implications of proposed new transmission
projects (Kahn et al., 1995). The WSCC also has developed jointly agreed upon
rules for rating the ‘‘capacities’” of transmission paths, thereby setting operational
limits on the use of these paths (Walton, 1993).

Public utilities commissions, in judging whether an investment was appropriate
or not, were concerned primarily with the rate-payers under their jurisdiction.
They were therefore less inclined to consider the negative impacts of an invest-
ment on other states. In some cases, revenues from wheeling fees were also
considered as ‘‘benefits’’ of a transmission investment, even though such fees
merely constituted transfers, without much economic basis, from one utility to
another (see Baldick and Kahn, 1992). Thus the participation of local regulators in
the transmission planning process did not do much to dampen the incentives
utilities have for planning facilities to optimize their own benefits at the potential
expense of others.

? For example, the Mead—Adelanto and Mead—Phoenix projects between California and Arizona
were joint projects in which 13 California municipal utilities, the Western Area Power Administration,
Salt River Project, and Arizona Public Service Company all participated (Lee et al., 1995).
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Instead, the reason that this level of cooperation has been possible is that
utilities recognize that the operational and investment decisions of an individual
utility can have major impacts on other utilities in its region. The economic
framework that has evolved to govern current inter-utility transactions, the con-
tract-path framework, did not even come close to adequately addressing those
impacts. Utilities have had no choice but to develop a set of governing rules and
protocols in order to fill this void between the economic fiction and the physical
reality of wholesale electricity transactions. Thus, in the absence of a workable
economic framework for internalizing network externalities, accommodations have
instead been reached through a process of negotiation, threat, and the occasional
legal dispute with the FERC playing the role of final arbiter.

It is important to note that the participants in these planning and cost allocation
processes were almost exclusively regulated utilities and regulators. This has
allowed a degree of openness and cooperation that will most likely be muted by
competitive pressures. There has been concern that when many of these parties are
driven by an undiluted profit motive, this approach of voluntary coordination of
transmission investment will break down. This has long been a complaint of
independent power producers who have been largely excluded from the transmis-
sion planning process. Indeed, the potential for the breakdown of cooperative
processes under competition is highlighted in Appendix C of the FERC (1996)
policy decision, where an extensive list of anti-competitive transmission policies
that have been brought to the FERC in the last decade can be found.

If a planning process that relies upon voluntary cooperation between competi-
tors cannot be sustained, a new paradigm must be developed. Such a restructuring
could take one of two approaches. First, transmission assets could be combined
into a single entity that would have to be closely regulated due to its substantial
market power. This approach eliminates the potential for conflict by taking
competing utilities out of the transmission business altogether. The second ap-
proach, the one we have been discussing, is to explicitly recognize the underlying
conflicts between competing utilities and develop new forms of network property
that deal with these conflicts through a market-oriented process. The following
sections define one such form of network property, the TCC, and describe the
process for allocating new TCCs upon the event of an expansion to the network.

3. Nodal spot prices and hedging contracts

This section reviews nodal spot prices upon which TCCs are based, and
discusses the role played by both contracts for differences (CFDs) and TCCs in
hedging price risks. In some ways the discussion of the hedging roles played by
these contracts is tangential because the paper is only directly concerned with the
completely distinct role that TCCs could play in a solution to the transmission
investment problem. However, because TCCs were invented to serve as a loca-
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tional pricing hedge, and because this is their most widely discussed role, a short
discussion of this role is desirable.

3.1. Definition of optimal nodal spot prices

We begin with a discussion of nodal spot pricing. Optimal nodal pricing is not
necessary for the hedging use of either CFDs or TCCs, but it is assumed for the
TCC results that concern investment incentives. > These optimal prices might be
arrived at through several different market mechanisms including the standard ISO
auction, and ‘‘multilateral” trading approaches, * but our focus here is on the
definition of optimal prices rather than the market mechanism used to achieve
them.

Optimal nodal spot pricing, which we will simply call nodal pricing, is nothing
more nor less than standard marginal cost pricing applied to electric power being
distributed through a power grid. At any given time the price of power at a
particular node is the marginal cost to the system as whole of delivering an
additional kW using the optimal dispatch. Computing this can be quite difficult,
but that issue is beyond the scope of this paper. °

Optimality requires feasibility. This will be discussed in more detail in the next
section, but for now we note only that the feasibility constraint on dispatches takes
into account all contingency conditions, and all operating rules. These include
rules concerning system behavior during outages of various types, stability limits,
voltage limits, and many other complexities. We assume that these can be
specified in such a way that all dispatches can be precisely classified as either
feasible or infeasible.

Two well-known properties of optimal prices will be useful in our analysis of
TCCs. First, the optimal dispatch they induce maximizes (subject to all feasibility
constraints) total customer benefit minus total generation cost, which we refer to
as social welfare and denote by W. Second, the difference in nodal prices, p; — p;,

? Recent results by Backerman et al. {1996) and Oren (1997) indicate that generators may try to
influence nodal prices in an attempt to capture congestion rents that would otherwise flow to the
market maker (and then to the holders of TCCs). This and other forms of market distortion obviously
have the potential to affect the efficiency of the spot market. Such distortions should not affect the
hedging aspects of pool-based financial instruments, and it is unclear what affect such behavior would
have on the investment incentives provided by TCCs. This is obviously an important topic for future
study.

* Wu and Varaiya (1995), Chao and Peck (1996), and McGuire (1996) have proposed methods for
reaching optimal dispatches without a market-making power exchange. Though in the Wu-Varaiya
system there is no obvious way to publicly discover these prices because they are only specified in
private multilateral contracts. All market mechanisms for reaching optimal spot prices are susceptible
to market power, and all have been subject to claims that they will fail in real-world situations.

> Originally articulated by Schweppe et al. (1988), this approach has been revived more recently by
a number of authors.
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Table 1
Using long-term contracts to eliminate nominal price risk

Contract or market Payment

Supplier at node i Demander at node j

1 Spot market pi q -pi'q
2 CFD for g at P, (P.—p)q ~(P.—pp)q
3 TCC for g from i to j (p;—pdq
4 Total P.-q —P.-q

between two nodes exactly values the social loss caused by transmitting an
additional kW from node i to node j. This includes all thermal losses, and all
losses from out-of-merit dispatch due to congestion. Note that these locational spot
prices generally result in the ISO collecting more revenue from loads than it pays
to generators. This merchandising surplus will suffice to pay the owners of TCCs,
provided these have been allocated according to the feasibility rule described
below.

3.2. The use of CFDs and TCCs

Nodal spot prices, by their nature, vary over both time and location. Conse-
quently market participants may desire to hedge any long-term participation in this
market. CFDs and TCCs were both designed to play this role. Although this paper
is primarily concerned with TCCs, we will explain briefly how both together can
be used to completely hedge a long-term bilateral contract. As will be seen, CFDs
hedge the temporal variation in spot prices, and TCCs hedge the locational
variation.

In the following discussion, we will assume that a supplier at node i wants to
sell ¢ MW to a buyer at node j for a fixed price of P, over some time period
extending into the unpredictable future. We also assume that each trader must
trade with the ISO at the nodal price of his local node. Thus the supplier will
receive p; - g, and the demander will pay p; - g. This is the spot-market transaction
and is recorded in the first line of Table 1.

Since p; and p; will generally differ from P,, the contract price, a hedge is
need to synthesize a fixed-price contract. If the two nodal spot prices are equal but
changing, the supplier will lose P, —p, and the demander will gain an equal
amount. Thus each can hedge the other’s risk, and there is no cost to this risk
reduction. This is accomplished with a CFD that specifies that the demander will
pay the supplier (P. — p,) - g, as is shown in line 2 of Table 1. °

® Of course, this payment is as likely to be negative as positive, in which case the supplier is actually
paying the demander. A reverse formulation would yield the same results so long as the two nodal
prices were equal. However, different formulations will result in different sharings of the locational
price uncertainty.
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Because of congestion and losses, nodal prices will generally differ. Unfortu-
nately, locational differences do not affect the two traders in equal but opposite
ways. Consequently, this risk cannot be costlessly eliminated. The specification of
our CFD left the supplier with all of the locational risk and consequently with the
need for a TCC. A TCC is a financial contract between the ISO and a private
owner of the TCC which pays ( P p;) - q to the owner, for some specific ¢,
irrespective of the amount of power transmitted by the owner. For this example the
necessary TCC is the one with Q =g. This TCC is costly both because its
expected value is non-zero and because it must insure the supplier against risky
locational price differences. ’ Line 3 of Table 1 shows a TCC owned by the
supplier from node i to node j for ¢ MW. This TCC could be purchased from a
private party, of from the ISO, or could have been awarded to the supplier at the
time the supplier upgraded the transmission path from i to j. Note that, as shown
in line 4 of Table 1, with the acquisition of this TCC by the supplier we have
achieved a fully hedged, fixed-price contract between the two traders. Of course,
this was achieved at the cost of acquiring the TCC. This cost simply represents the
normal ‘‘transportation’’ costs that are always incurred when conducting business
at a distance.

3.3. Interpreting TCCs as firm transmission rights

Many who hear the description of a TCC as a financial right feel that a TCC
does not at all serve the same purpose as a firm physical transmission right. In
fact, within the context of a nodal spot market, and with one small addition to the
auction rules, this same TCC could also be described in physical terms as
follows.

1. TCC ¢ gives the owner the firm right to transmit g MW from i to j, with no
charge for congestion or loss.

2. A refund will be issued by the ISO for the unused portion (dg¢) of this right, in
the amount of (p; —p,) - dgq.

This interpretation would appear to satisfy the requirements of those wanting

physical rights to transmission in spite of the fact that it is simply a reinterpreta-

tion of the financial TCC.

Although, as with any firm transmission right, there are contingencies that
could prevent physical delivery, the probability of such an occurrence is extremely
small. Unlike with other firm rights, the TCC owner would automatically receive
ample compensation in such a case.

"It would be possible to purchase only the insurance component of a TCC and still produce the
desired fixed-price contract, but we will not discuss this TCC variant.

¥ This interpretation was prompted by a suggestion from Bill Hogan. For a related discussion see
Harvey et al. (1996).
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To exercise a TCC as a right to firm transmission, the TCC owner merely needs
to bid zero at the receiving node and the maximum allowed bid at the transmitting
node. ? The addition to the auction rules mentioned above is that the ISO will give
TCC owners priority over non-TCC when bids are equal. While a maximum bid
assures dispatch, the TCC insures that any costs due to a price difference between
the two nodes will be fully refunded, so the net transmission cost is assured to be
zero. The financial definition of a TCC guarantees the refund specified in the
second point. '’

4. The process for investment under a contract network

The restructuring process in California has stimulated a great deal of debate
over the incentive properties of TCCs. A significant amount of the disagreements
can be attributed to confusion about the allocation of those contracts. Wu et al.
(1996) have cited ambiguities in Hogan’s statements on the subject, and their
subsequent analysis of the investment problem (Oren et al., 1995) does not
consider any particular rule allocating contracts to those who invest in the
network. The rule for allocating contracts to modifiers of the network is of crucial
importance because much of the incentive to expand or otherwise modify the
network is determined by this allocation of contracts, the other incentive being the
consequent change in the modifier’s nodal spot prices.

TCCs and other forms of transmission rights were developed in order to
eliminate the risk that network congestion might affect the ability of generators
and traders to reach their markets at a reasonable cost of transmission. A ‘‘right”’
to either the physical flow capacity or the nodal price difference provides
insurance against the consequences of this congestion. Most of the discussions
about transmission access have therefore been concerned with this hedging role.
Because TCCs are a form of network property, the rules for allocating them will
also directly influence the incentives for investment and maintenance of grid
resources. This section specifies how the capacity of the network can be used to
define a feasible set of TCCs and how additional TCCs can be assigned as a result
of network investment.

® Typically, nodal pricing auctions include a maximum bid price, e.g. Norway, and we assume that
here.

' This refund may be negative, but this will happen only when a TCC covers a helpful flow, such as
a counterflow, and the TCC owner fails to supply this flow. Such flows are rewarded via nodal spot
price differences by the 1SO. A TCC on such a directed path must pay a negative amount in order to
cancel the positive payment for transmission.






