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I. Introduction

A power pool is a group of two or more electric public utilities that coordinate their
activities with regards to the generation and transmission of electricity. Coordination can
occur along several dimensions including the connection of generation facilities with trans-
mission lines, joint planning for the construction of new facilities and lines, and meeting
demands for electricity by dispatching from the least-cost generating source across member
utilities at any given time. Utilities participating in pools will enjoy benefits and incur costs
that generally depend on the degree of coordination. As argued below, loose coordination
will mean low costs but few benefits, while tight coordination means high costs but greater
benefits.

Coordination in U.S. power pools runs from moderately tight to very loose [5; 6].'
Overall, however, there is a tendency towards looseness. In 1964, the Federal Power
Commission (FPC) isued the National Power Survey which indicated that closer coordina-
tion could produce substantial savings in the cost of energy production. A decade later,
Breyer and MacAvoy [3] concluded that pooling has not grown substantially since the
Commission’s report, and “. . . that there should be considerably more coordination at this
time than now exists.” They based their assertion on calculations of potential cost savings.
The magnitude of these savings is impressive, with estimates running as high as several
billion dollars annually. More recently, the 1979 National Energy Act exempted utilities
from state laws that prevent voluntary coordination where such coordination is designed to
obtain economic utilization of resources. The Federal Energy Regulatory Commission was
also instructed by the Act to submit a report to the President and Congress on the oppor-
tunities for future pooling.

In view of the apparent potential benefits of power pooling, the lack of progress
towards achieving a highly integrated electric power industry requires explanation. Power

* Helpful comments and suggestions were provided by Scott Atkinson, Larry Kirsch, Chuck Mason, Todd
Sandler and Fred Sterbenz. Any errors are the sole responsibility of the authors.
1. The concepts of looseness and tightness of nonmarket organizations are examined in detail by Sandler and
Cauley [25] and are applied to governments in Sandler, Cauley and Tschirhart [ 26].
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pooling is an exercise in interfirm cooperation. For a pool to be effective, well-defined
agreements must be developed among the member utilities. The agreements will allow the
benefits to be shared; but they will also create costs for the members. These costs may take
a variety of forms including foregone opportunities of interactions with nonpool utilities,
and the costs of group decision making inherent in any cooperative venture where indi-
viduals do not have identical goals. That there are both benefits and costs to power pooling
suggests that from the utilities’ perspectives an optimum configuration of pooling exists
that accounts for the benefit/cost tradeoff. The aforementioned looseness of existing
power pools implies that utilities perceive the marginal costs of further coordination to
outweigh the marginal benefits.

The purpose of this paper is to develop and test a model for analyzing the extent to
which an individual utility participates in a pool. The paper avoids the normative issue of
an optimum configuration of pools from society’s perspective; and it is useful in explaining
the current status of the industry.” The benefits and costs of pool membership are incor-
porated in a profit-maximization model of an individual utility. An optimum degree of
coordination for the utility is shown to depend on the benefits and costs, and on the degree
to which other utilities are committed to the pool. Coordination also depends on the
utility’s behavior with regards to other utilities: Cournot type behavior leads to loose
arrangements while tight arrangements result when utilities are more willing to share
information and costs. The pooling environment is also contrasted to the more general case
of interfirm cooperation in oligopoly markets, and it is offered as an example of why more
collusion does not occur. Because utilities are regulated by state commissions, the effect
that these government institutions have on pooling is also analyzed.

The model is tested using data from 83 utilities in 19 U.S. power pools. The results
lend strong support to the hypothesis that a utility incorporates the costs of group decision
making, the effects of regulatory bodies, and the usual factor costs in its choice to co-
operate with other utilities in power pools.

I1. Benefits and Costs of Pooling

The benefits enjoyed through power pooling have been well documented [3; 15]. Briefly,
they include the following major categories:

i) Cost savings in generating equipment that stem from staggering the construc-
tion of new facilities and constructing optimum size facilities that account for
seasonal diversity loads and maintenance schedules of all pool members;

ii) The cost savings in reserve generating capacity needed to maintain a par-
ticular reliability of service; and

iii) Dispatching economy energey whereby pool-wide demands for power are
met using the least-cost generating source available.

2. While theoretical work on public utilities abounds, very little has been done on power pooling. Berkowitz[2]
derives welfare-maximizing prices for power exchange in an existing grid; and Tepel [29] examines optimal power
exchanges in a profit maximization setting. Neither of these authors was concerned with the fundamental question of
whether a firm should join a pool in the first place.
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In the following model, the benefits of power pooling will be restricted to the cost
savings in reserve generating capacity. This will simplify the exposition while still allowing
an examination of the central issues in power pooling. Also, these benefits are the largest of
the three categories. Utilities maintain generating capacity in operating reserve status to
meet unexpected increases in demand, equipment failures, and maintenance. The level of
reserves needed depends primarily on the size of on-line generating units and the loss-of-
load probability the utility wants to achieve.’” An isolated utility may determine that a
particular level of reserves is needed to meet the risk of excess demand; but this level can be
reduced through coordination, since the risks confronted by two or more coordinated
utilities are less than the sum of risks confronted by the utilities in isolation.

To model the benefits and costs of reserve pooling, the utility’s choice of generation
capital stock will be dichotomized into production capital and reserve capital. Production
capital is combined with a variable input to satisfy all demand barring any equipment
failures or unexpected surges in demand. Let f(K, L) be the utility’s production function
where K is expenditures on production capital and L is a variable input.* In order to ensure
a reliable, steady flow of output, the utility must acquire reserve capital to back up K. The
needed reserves can be expressed as a percentage of K, or aK, where the percentage
depends on the targeted loss-of-load probability.” Thus, the model is cast in a nonstochastic
setting; the utility has addressed the problems of random demand and supply through its
selection of a. Avoiding the explicit introduction of random elements lends tractability to
the model while still allowing for a clear presentation of how the utility weighs the benefits
and costs of power pooling.

To meet this reserve capital requirement, the utility has a choice between acquiring its
own reserve generating units or joining a power pool to tap other pool members for
reserves. Denote the units of generation reserves acquired by the utility outside any pooling
arrangement as K°, and those units of reserves drawn through a pooling arrangement as
K*“. The utility must satisfy

K* + K? = oK. (1)

Constraint (1) allows for a mixture of pooling and nonpooling expenditures to satisfy
reserve requirements.

The level of reserves that can be drawn from the pool depends on the extent to which
other utilities are involved. The greater their involvement, the more the utility can draw.
Also, the utility must contribute to the pool in order to draw; and the greater the contribu-
tion, the more that can be drawn. Let K and K’ be the capital contribution to the pool of
the utility and other utilities respectively. Then the most that can be drawn from the pool
by the utility is constrained by

K? < b(KP; K°) (2)

3. Loss-of-load probability is the probability of the system load (demand) exceeding the available generating
capacity under the assumption that the peak load of each day lasts all day [9].

4. This is a single period model with a single technology. Peak and off-peak periods and a diverse technology
could be incorporated; however, the intent here is to concentrate on benefits of pooling and the institutional considera-
tions that create transaction costs. Consequently, to avoid notational and mathematical complexity, a simple production
technology is used that is sufficient for the task.

5. Typical values for o range between 15 and 30 percent.
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where db/3K° >0 and db/d K” > 0. When no other utilities contribute to the pool, K° =0
and the utility can draw at most K = b(K”; 0) = K. Also, (0; K”) =0 so that the utility
must contribute some capital to the pool, otherwise (1) must be satisfied with nonpool
reserve generation only, i.e., K°.

Constraint (1) is essentially a reliability requirement which must be met with either
pooling or nonpooling reserves. Therefore, b (K*; K°) and K* are the two ways in which
reliability is produced. Moreover, db/dK? = b, is the marginal reliability from a unit of
pooled reserves, while the marginal reliability from a unit of nonpooled reserves is 1. The
benefits of pooling are captured by the function b (K”; K°). For instance, if more firms join
the pool and K increases, b(K”; K°) increases as well to reflect the gains from greater
demand diversification and alternating equipment failures. If there is any advantage to
pooling through cost savings in reserve generating capacity, then for some K” and K° it
must be that

by > 1. 3)

Below it is shown that (3) must hold if the utility is to join a pool. To summarize, (3) implies
that a unit of pooled reserves goes further toward satisfying (1) than does a unit of non-
pooled reserves. Benefits for the utility are endogenously determined by its choice of K?
and exogenously determined by other utilities’ choices of K°. The values of K” and K° are
measures of the commitment to pooling made by the utility and other utilities respectively.

Costs of pooling are comprised of both capital outlays and transaction costs. The
major capital outlays are for the necessary transmission lines and generating units shared
by pool members. The transaction costs are less tangible. First are the losses of flexibility
that are inherent in contractual arrangements. Pool members may be restricted in selling
power to nonmembers, while they may be forced to sell to members at low, fixed rates.
Members also may be required to abide by pool decisions concerning the timing and
construction of new plants. And pool members in one state open themselves to being
influenced by regulatory commissions if other states in the the pool crosses state borders.

A second type of transaction cost involves the extensive decision making required for
the operation of the pool. How should costs of transmission lines and new, jointly-owned
facilities be allocated among members? How should savings from economy energy be
allocated? Are environmental regulations being violated? And should small utilities without
large generating units be allowed to join a pool? Large utilities argue that their small
counterparts enjoy the benefits of pooling without covering a fair share of the costs [18].
These decisions and others are typically made by committees comprised of representatives
from each member utility. For example, the New York Power Pool provides for an
executive committee, an operating committee, a planning committee, an environmental
committee and a public relations committee. The responsibilities of each committee and the
interaction among the committees are detailed in the pool agreement. This must be done
with care to avoid conflicts and overlapping jurisdictions. Nevertheless, committees gen-
erally expend considerable time and effort to reach conclusions, and they incur adminis-
trative and operating costs which must be allocated among the members.

Finally, there are enforcement costs of ensuring compliance with pooling agreements.
Metering equipment must be installed to measure energy flows, and penalty costs are often
assessed when members do not supply the pool with agreed upon reserves. Complete and
accurate records must be maintained and made available to all members or their repre-






















































	University of Wyoming
	Wyoming Scholars Repository
	1-1-1984

	An Analysis of Interfirm Cooperation : Theory and Evidence from Electric Power Pools
	D. Gegax
	John T. Tschirhart
	Publication Information



