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SUMMARY

Estimates of stranded commitments for U.S. investor-owned electric utilities range
widely, from as little as $20 billion to as much as $500 billion (more than double the
shareholder equity in U.S. utilities). These potential losses are a consequence of the above-
market book values for some utility-owned power plants, long-term power-purchase contracts,
deferred income taxes, regulatory assets, and public-policy programs.

Because of the wide range of estimates and the potentially large dollar amounts
involved, state and federal regulators need a clear understanding of the methods used to
calculate these estimates. In addition, they may want simple methods that they can use to check
the reasonableness of the estimates that utilities and other parties present in regulatory
proceedings.

This report explains various top-down and bottom-up methods to calculate stranded
commitments. The purpose of this analysis is to help regulators and others understand the
implications of different analytical approaches to estimating stranded-commitment amounts.
Top-down methods, because they use the utility as the unit of analysis, are simple to apply and
to understand. However, their aggregate nature makes it difficult to determine what specific
assets and liabilities affect their estimates. Bottom-up methods use the individual asset (e.g.,
power plant) or liability (e.g., power-purchase contract, fuel-supply contract, and deferred
income taxes) as the unit of analysis. These methods have substantial data and computational
requirements.

A utility can react to the potential loss of retail customers in two ways. It could lose the
sale and then seek to resell some or all of the lost sales on the wholesale market. Or it could
lower its price for the at-risk customers to the wholesale price and thereby keep the sale. These
two options, keep sale or lose sale, often yield very different estimates of stranded
commitments. In principle, regulators could cap utility recovery at the smaller of these two
amounts.

Estimates of stranded commitments for the keep-sale and lose-sale options depend
strongly on interactions between the utility’s generating assets (both utility-owned units and its
long-term power-purchase contracts) and the wholesale power market but in different ways
(Table S-1). The key wholesale-market factors affecting stranded-commitment estimates are
wholesale prices, utility marginal production costs, transmission capacity, the percentage of
retail load at risk, and the difference between wholesale purchase and sale prices.




Table S-1. The effects of increases in different factors related to wholesale power
markets on estimates of stranded commitments

Factor Effect on stranded commitments if utility:
increasing

Keeps sale Loses sale
Wholesale Decreases Decreases; nearly independent of
prices? wholesale prices at low values of

transmission capacity

Transmission Decreases Decreases for high values of retail
capacity wheeling and at high wholesale prices;

increases at low values of retail wheeling
and at low wholesale prices

Percentage of Increases linearly with Increases more rapidly than number of
customers that  number of wheeling wheeling customers

wheel customers

Difference No change at low No change at low wholesale prices;
between wholesale prices; increases  increases at high wholesale prices
wholesale at high wholesale prices

purchase and
sale prices
aThe response to increases in the utility’s marginal costs of generation is exactly the
opposite of those for increases in wholesale prices.

Not all the factors affecting stranded-commitment estimates are related to wholesale
markets; several depend on accounting. These accounting factors include the fixed costs
associated with a utility’s power plants and power-purchase contracts, deferred income taxes,
regulatory assets, public-policy programs, inflation rate, and tax rates. These accounting factors
affect stranded commitments through the details of rate design.

Because the keep-sale option is largely independent of wholesale markets, top-down
methods yield accurate estimates of stranded commitments for this option. However, the top-
down methods do poorly in estimating the amount of stranded commitment if the utility loses
the sale, because of complications in analyzing wholesale-market interactions.
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CHAPTER 1

INTRODUCTION

Stranded commitments (SC) are the monetary losses that electric-utility shareholders (or
other parties) might experience because of structural and regulatory changes in the electricity
industry. In essence, the retail monopoly franchise that investor-owned utilities enjoy today
permits them, with approval from the state regulatory commission, to charge customers for all
the costs of producing and delivering electricity. In a competitive electricity market, the
frequent interactions of buyers and sellers, rather than regulators, will set prices. If these market
prices are below embedded costs, then stranded commitments will occur.

A full treatment of SC would consider (1) alternative ways to calculate SC; (2) estimates
of the amount of SC for an individual utility; (3) methods to mitigate these amounts; and
(4) allocation of the remaining SC among utility shareholders, different classes of customers,
independent power producers, and governments (i.e., taxpayers in general). This report focuses
on topic 15 we also examine the factors that affect the amounts calculated, topic 2.

We focus on methods for three reasons. First, the estimate of SC one obtains depends
strongly on the method used to develop that estimate. Nationwide, these estimates typically
range from $50 to $150 billion (Baxter and Hirst 1995); such differences are caused, in part,
by the use of different analytical methods. Second, the literature provides few details on
different estimation methods. Third, regulators need simple methods that they can use to check
the reasonableness of the results that their utilities present them. For example, the Vermont
Competition Work Group (1995) stated “Durmg the next phase of this process, work should be
done to identify, categorize, and quantify the net above-market transition costs ... .” And the
staff of the New York Public Service Commission (1995) called stranded commitments “the
single largest obstacle to electric competition.”

San Diego Gas & Electric (1994) developed a useful typology of methods to estimate
SC. As detailed by Baxter (1995), this framework considers three categories: administrative vs
market valuation, ex ante vs ex post valuation, and top-down (TD) vs bottom-up (BU)
valuation. We focus on ex ante administrative approaches and consider both TD and BU
methods.

A BU, ex ante, administrative approach would involve calculation of the unit-by-unit
performance of each of a utility’s power plants in a hypothesized competitive generation
market. Calculating the return provided by each generating unit involves detailed production-
cost simulations for both the utility in question and the surrounding utilities and independent
power producers. These simulations would show the number of hours each year that each
generating unit operates, its variable production costs, the market price of power that hour, and,




from these numbers, the profitability of each unit. Such calculations require thousands of
assumptions concerning present and future customer locations, loads, load shapes, and peak
loads; transmission-system operation, expansion, constraints, costs, and pricing rules; operating
costs and performance of all existing and new generating units; fuel prices; government
decisions on siting and environmental restrictions for new power plants and transmission lines;
and so on. A bottom-up analysis requires similarly detailed calculations of stranded habilities
(especially power-purchase and fuel-supply contracts), regulatory assets, and public-policy
programs. The method developed and applied by Resource Data International (1994) is
probably the leading example of a BU method.

The TD approach 1s the opposite of the BU approach. Rather than using the individual
asset or liability as the unit of observation, it treats the utility as the unit of observation.
(Intermediate methods that use different groups of assets and liabilities as the unit of
observation are also possible.) In a TD, ex ante, administrative approach, the utility’s average
embedded cost of electricity production is compared with an average assumed market price.
This approach ts much simpler than the BU approach, primarily because it requires only a few
assumptions and elementary calculations. However, it is also much less detailed and, therefore,
provides fewer insights into the specific assets, liabilities, and costs that account for a utility’s
SC situation. The Federal Energy Regulatory Commission (1995) proposed such an approach
to estimate SC at the wholesale level.

A key issue facing regulators is the usefulness of TD methods. If these methods yield
accurate and reliable results (i.e., if their results are consistent with those produced by BU
methods), then commissions can avoid the complications and controversies associated with the
data-intensive and computationally burdensome BU methods. If, on the other hand, the TD
methods produce results that are biased, inaccurate, or both, their usefulness will be greatly
limited. We examine the performance of TD methods, in particular the range of variables where
they perform well and where they do not.

The accuracy of TD methods depends largely on how the utility responds to retail
competition. Faced with retail competition, a utility can lose the sale (LS) or it can lower its
price to keep the sale (KS). Analytically, computing the KS value of SC is simple; indeed the
TD and BU methods yield identical results for the KS option. However, calculating SC for the
LS option is much more complicated because its value depends on how the utility’s power
plants and power-purchase contracts interact with the wholesale market. Because interactions
with the wholesale market dominate analysis of the LS option, we devote considerable attention
to how these factors affect SC estimates and the performance of various TD-LS approaches. We
also identify those factors that affect the amount of SC and whether or not they depend on
wholesale-market interactions. Such analyses are important because the KS and LS estimates
of SC can differ substantially.



We use an expanded version of the Oak Ridge Financial Model (ORFIN) to examine
these analytical issues (Hirst and Hadley 1994). ORFIN is a spreadsheet model that simulates
an electric-utility’s financial operations. It includes an annual income statement and balance
sheet. We added a production-costing module to ORFIN to simulate operation of a utility’s
portfolio of generating resources (both utility-owned plants and power-purchase contracts) and
how that portfolio interacts with an exogenously specified wholesale power market. ORFIN
now includes all the TD and BU approaches that we consider relevant to the analysis of SC
issues.

This report will help state and federal regulators as they review the claims for SC
submitted to them by utilities and other parties. Chapter 2 explains the concepts of stranded
commitments, including the KS and LS options and the importance of the wholesale market in
calculating SC amounts with LS methods. Chapter 3 explains TD methods, while Chapter 4
describes how ORFIN is used to conduct BU analyses. Chapter 5 shows how various
wholesale-market and accounting factors affect the KS and LS estimates of SC. Chapter 6
recasts the results of Chapter 5 in terms of the conditions under which the KS option 1s
preferred. Finally, Chapter 7 summarizes our findings concerning the strengths and limitations
of the TD and BU methods and offers suggestions to regulatory commissions on suitable
methods for calculating stranded commitments.







CHAPTER 2

KEEP-SALE AND LOSE-SALE CONCEPTS

The amount of stranded commitments a utility experiences"= depends in part on the
utility’s actions, specifically whether the utility keeps or loses the sale. In both cases, the utility
will continue to recover from retail-wheeling customers the full costs of providing them with
transmission and distribution (T&D) services.

If the utility keeps the sale, its loses revenue in two ways. First, for those customers that
wheel, it loses the difference between its embedded cost of generation and the market price of
power. Second, it may experience losses associated with rate-design differences in cost
allocation and subsidies, if any, among rétail customer classes.

If the utility loses the sale, its revenue loss consists of three factors. The first factor is
the product of the retail sales at risk and the difference between the utility’s embedded cost of
generation for those customers that wheel and its marginal cost of production (MC). The second
factor is the possible revenue gains from the sale of some or all of the lost sales on the
wholesale market, based on the difference between the utility’s MC and the price it can get on
the wholesale market. The fraction of lost sales that the utility can resell and the profitability
of doing so depend on the utility’s MC and the available capacity for each generating unit,
wholesale prices, and transmission constraints and prices. The third factor is the same as the
second factor in the KS option, losses associated with rate design. The complications in
determining SC with the LS method are with the second factor, the utility’s interaction with the
wholesale market. :

Figure 1 shows, in a simplified way, how a utility interacts with its surrounding
wholesale market. The solid line represents the MC of the utility’s power plants and power-
purchase contracts. Marginal costs increase with increasing output, because the utility will
dispatch its cheapest plants first.

The two dashed lines in Fig. 1 represent the wholesale purchase and sale prices at which
the utility can buy or sell power on the spot market; we assume that the spot and wholesale
markets are identical. The figure shows purchase price higher than sale price, which would be
the case if the utility has to pay for losses or other ancillary services when selling on the spot

*In practice, the SC losses are likely to be shared among utility shareholders, customers, other
stakeholders, and taxpayers. We concentrate on the utility in this report only for convenience because our
focus is on methods to calculate SC amounts, not on ways to allocate these losses among different groups.
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market. The two vertical lines mark the boundaries of the regions in which the utility will sell
or buy on the spot market.

COSTS AND PRICES (¢/kWh)

6 L
UTILITY
- MARGINAL
> COST
4 WHOLESALE BUY PRICE

A. WHOLESALE SELL PRICE

3
2 - UTILITY S UTILITY
SELLS NEITHER  puys
1 —
o 1 1 1 1 : I : ! ! 1 ! |

UTILITY PRODUCTION

Fig. 1. Schematic showing relationship between a utility’s marginal production
costs and wholesale prices.

To the left of the first vertical line, the utility will increase the output from its generating
units beyond what it needs to meet its native-load requirements and will sell the excess on the
spot market. It will increase production only up to point A; to the right of A, the utility’s MC
exceeds the price 1t recerves for spot sales.

Between points A and B, the utility neither sells to nor buys from the spot market.
Within this range of output, the utility’s MC is between the wholesale sale and buy prices. To
the right of point B, the utility will reduce the output of its generating units and will meet some
of its native-load requirements by buying on the spot market.

Retail wheeling (RW) moves the utility’s production to the left along the solid line. This
reduces the utility’s need to buy power (if native-load requirements are to the right of point B)
or increases its opportunity to sell power (if native-load requirements are to the left of point A).
Thus, the reduction in native-load requirements caused by wheeling affects the utility’s
incentives to buy or sell on the spot market.

At first glance, one might consider the lose-sale option unrealistic. If the utility can sell
at wholesale and make money doing so, why could it not keep the retail-wheeling customers?
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There are several reasons why both options are, under differing circumstances, viable. First,
when the utility loses a sale, the departing customer may have various reasons for purchasing
from another entity that go beyond the difference between the utility’s embedded-cost price and
the wholesale price of electricity. Second, when the utility loses a retail sale, it is no longer
obligated to meet the year-round, hour-by-hour loads of that customer. It can pick and choose
the times during which it will sell this “surplus” power on the spot market. Third, transmission
losses and congestion might limit a utility’s ability to interact with the spot market. Finally, a
utility’s corporate policy may limit its willingness to offer customers a discount.

In reality, the situation is more complicated than described here, as explained in
Chapters 3 through 5. Briefly, the utility’s ability to buy and sell on the spot market may be
limited by transmission constraints or, when selling, by generation constraints (the amount of
extra generating capacity available with variable costs below the wholesale sale price). Also,
given the range of MCs and wholesale prices, the utility is likely to be buying and selling at
different times of the same year.

In addition, utility actions and electric-industry restructuring are likely to affect
wholesale prices over time, and therefore SC amounts. For example, a decision to maintain a
predetermined amount of extra generating reserves (planning reserve) would increase the
contribution to fixed costs for those units that provide this service and would reduce spot-
market energy revenues. If competition encourages the operators of generating units to achieve
higher availability factors, energy revenues will increase, but capacity prices will drop. We did
not try to incorporate such dynamic interactions between wholesale markets and industry
structure into our analysis. .







CHAPTER 3

TOP-DOWN METHODS

The general strengths of the TD method are its requirement for only limited amounts of
data and its use of simple calculations that can be readily understood. These strengths lead to
fewer assumptions to litigate than with a BU approach. On the other hand, the TD approach,
because of its aggregation, cannot identify the relationship between the amount of SC computed
and any particular asset. Also, TD approaches may be less accurate than BU approaches, as
shown later in this chapter.

The amount of SC that a utility experiences will depend on whether or not the utility
keeps or loses the sales that are at risk because of retail wheeling. In principle, the amount of
SC that a utility might be allowed to recover from customers should be limited to the smaller
of these two amounts. In other words, if it costs the utility less to retain the at-risk customers,
then it should do so. On the other hand, if it costs less to let the customers depart, then the utility
should do that.

KEEP-SALE METHOD

For the KS method, the earnings loss to the utility from SC is:

T N
(1-income tax rate) NPV )’ [kWhqu x (Utility total production cost/kWh - Market pn’cein)tj
t=1 j=1 + rate-design adjustmentsy] , ¢))

where NPV is the net present value calculated at the utility’s return on equity for the t years

_through year T. Determining T is a difficult policy decision because the annual values
calculated with Eqn. 1 may be positive for a few years and then turn negative. The subscript j
refers to one of the N customer classes, and the term kWhRWtj is the annual energy loss that the
utility experiences because of RW.

Equation 1 has two terms. The first term represents the amount of money lost because
the utility now collects from wheeling customers only the market price* for electricity, whereas
before it collected the embedded cost (fixed plus variable costs) of production and purchased
power. The estimates of average utility production cost and market price must be consistent

*In practice, the utility may not have to discount the price all the way to the wholesale-market price.
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with each other. Specifically, all prices and costs must be measured at the same level in the
T&D system (e.g., at the generator busbar) to consistently reflect electrical losses in the T&D
system, and they must include only comparable costs (e.g., generation only with T&D costs
excluded). Also, both annual averages must be weighted by electricity consumption, not by
time. Because MC and wholesale price generally increase with demand, consumption-weighted
values are higher by roughly S to 10% than time-weighted values.

The second term represents any losses associated with rate design (i.e., nonproduction
costs that are not fully reflected in T&D wheeling rates). For example, this term could include
the annual costs of social programs that are assigned to generation and are therefore not
reflected in T&D rates.

Equation 1 involves a summation over the N rate classes. The losses associated with
production costs and market prices will differ across rate classes based on the different load
shapes and T&D losses for each class. The losses associated with rate design will also differ
across rate classes because the tariff designs may differ in their allocations of generation vs
other costs to different classes.

Consider, as a simple example, two customer classes. The residential class has a load
factor of 50%, and the commercial/industrial (C/I) class has a load factor of 65%. Ignoring the
differences in load shape between the two classes would lead to a 33% overestimate of SC if
only the residential class was at risk and to a 31% underestimate of SC if only the C/I class was
at risk. These errors occur because the cost per kilowatt-hour to serve the residential class is
higher than that for the C/I class and this difference is not reflected in rates that are averaged
across all retail classes. These substantial errors emphasize the importance of calculating costs
and prices for the particular customers that are eligible for RW.

The term (1 - income tax rate) shows that any losses experienced by a private firm are
offset in part by reduced federal and state income-tax payments. For example, if a utility’s
combined federal-state income tax rate is 36%, its shareholders will face only 64% of any
losses associated with retail wheeling, Taxpayers will bear the remainder through lower tax
receipts.

Implementation of this approach is simple. One first estimates the total production costs
for each applicable rate class and then estimates, in a consistent fashion, the market price that
each class would face. By consistent, we mean an approach that reflects the voltage levels, T&D
losses, and load shapes of each class in calculating the utility’s costs to serve that load and in
calculating the market price to serve that load. These calculations require only a rudimentary
knowledge of the utility’s production costs and the wholesale power market.
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Second, one estimates the effects of rate design on lost revenues. This process requires
an understanding of utility accounting and ratemaking but not of wholesale markets or
production costs.

LOSE-SALE METHOD
The basic formula for calculating SC with the LS option is:

T N
(1-income tax rate) NPV Y, [kWhpyyy; X (Utility total production cost/kWh - Utility MC)tj

=1 j=1 - Max{O,AkWhWStj x (Market price,,, — Utility MC)tj}
+ rate-design adjustmentstj] , (2)

where AkWhy is the change in wholesale sales made possible by the energy freed up by the
retail-wheeling loss and MC is marginal production cost in ¢/kWh.

The first term represents the revenue loss to the utility associated with the loss of sales
from RW customers. This term differs from that in the KS formula. In Eqn. 1, this term depends
on the market price of power; in Eqn. 2, it depends on the utility’s marginal costs of serving the
departing customers.

The second term represents the possible revenue gain to the utility if it can profitably
resell some of the lost sales on the wholesale market. This term is calculated as the maximum
of zero (to be sure that the utility does not resell at a loss) and the product of the amount of
resale (AkWhyg) and the difference between the price that the utility would receive for this
power on the wholesale market and the utility MC to produce this amount of electricity.

The amount of resale is less than or equal to the amount of RW loss (kWhg ). We know
of no simple way to calculate the fraction of the RW loss that can be resold. In practice, it is a
complicated function of transmission constraints, unused generating capacity, and the
relationship between the utility’s MC and wholesale market price at different times during the
year. Also, the market price in this second term may differ from that in the KS calculation.
Because of transmission losses and congestion, the wholesale price that the utility receives
(Market price,,,) may be different from the price that it pays when it buys on the wholesale
market (Market price;,); we call this difference AWS-price.

Figure 2 shows how the ratio of change in wholesale sales to retail-wheeling lossei
AkWhy,o/kWh varies with wholesale market prices when transmission is unconstrained.
WS RW. p

*The difference between the utility’s wholesale purchase and sale prices is 0.2¢/kWh for the example
shown in Fig. 2. If the difference was zero, the ratio of change in wholesale sales to RW loss would be 1.0
across the entire range of wholesale prices.
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At very low market prices, the utility will purchase on the spot market as much energy as it can
until its MC 1s no longer above the spot price. (Recall the discussion of Fig. 1 in Chapter 2.)
The opposite occurs at very high market prices. Here the utility will sell as much energy as it
can until its MC is no longer below the spot price. Between these two extremes, whether the
utility buys or sells differs between the base and retail-wheeling cases because of differences
in the marginal production costs for the two cases. Because the MC is lower in the RW case,
the utility begins to sell at lower wholesale prices than in the base case.

INCREASE IN WHOLESALE SALES/RETAIL WHEELING LOSS

1.0
0.8 —
0.6 —
0.4 |BASE: BUY : BUY : BUY : NEITHER' SELL
RETAIL : : ; :
WHEELING: BUY :NEITHER: SELL : SELL : SELL
0.2 : : : :
WHEELING CASE - : : BASE CASE
MARGINAL COST - : ./MARGINAL COST
0.0 I \ 1 ] !
3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6
WHOLESALE MARKET PRICE (¢/kWh)
Fig. 2. Ratio of increase in wholesale sales (retail-wheeling case minus base case)

to retail-wheeling loss as a function of wholesale electricity price. In this
example, transmission is unconstrained, and the difference between the
purchase and sale prices for wholesale power is 0.2¢/kWh.

Imposing a transmission constraint has no effect when wholesale prices are near the
utility’s MC. At high and low market prices, however, the transmission constraint is binding.
At the extreme values, where the utility is either buying or selling all it can, the transmission
constraint limits this amount to be the same in the base and RW cases, yielding a ratio of zero.
Under these conditions, RW has no effect on wholesale transactions.

The third term in Eqn. 2 is identical to the second term discussed above for the KS
option.

In the special case where kWhpyy (sales lost to wheeling) equals AkWhyyg (net change
in wholesale sales) and Market price;, equals Market price,, the KS and LS formulas are the

12



same (compare Eqns. 1 and 2). Given the hour-to-hour variations in utility MC, spot prices, and
transmission constraints, plus the mismatches between rate structures and these time-varying
costs, these conditions are unlikely to occur. Thus, the KS and LS options are distinct.

The complications associated with calculating LS-SC amounts argue for further
simplification. Consider the following progression of formulae to calculate SC if the utility
loses the sale (to simplify the presentation, we drop the NPV, summation, adjustment for
income taxes, and the third term in Eqn. 2):

kWhgyy, % (Utility production cost/kWh - Utility variable cost/kWh) . 3)

This formula involves two simplifications. First, the possibility of reselling any of the sales lost
to retail wheeling is ignored. Thus, this method will overestimate the amount of SC for the LS
option. Second, in place of the utility’s MC, we substitute its average variable production cost
because it is easier to compute the average variable cost than the average MC. Because average
variable cost is less than MC, this assumption further overestimates SC.

We can improve on Eqn. 3 by recognizing that the utility can resell some or all of the
electricity lost to retail wheeling:

kWhgy, x (Utility production cost/kWh - Utility variable cost/kWh)
- Max{0, kWhgy, * (Market price,; - Utility variable cost/kWh)} . @)

This formula assumes that all such losses can be resold on the wholesale market. Thus, Eqn. 4
will yield a smaller estimate of SC than will Eqn. 3.

We could further improve Eqn. 4 by substituting AkWhWS for kWhyy if we had a
method for estimating the fraction of RW sales lost that is resold on the wholesale market.
Doing so would yield an estimate of SC larger than that calculated with Eqn. 4 because the
amount of resale will always be less than or equal to the amount of retail-wheeling loss.
Unfortunately, we were not able to identify any consistent patterns that would lead to a simple
algorithm for defining this ratio.

In addition, we could substitute various estimates of the utility’s MC for variable cost.
These estimates could be based on the pre-RW dispatch of the utility’s power plants and power-
purchase contracts, on the post-RW dispatch, or on some average of the two. The pre-RW
estimate is too high, and the post-RW estimate is too low, but it is not clear how to average the
two values to develop an accurate estimate of the MC of serving the RW load that the utility
loses. Using the pre-RW estimate of MC yields a value of SC that is lower than the amount
calculated with variable cost (because MC is always higher than variable cost).

13




In summary, Eqn. 3 substantially overestimates the actual LS amount of SC. At the other
end of the spectrum, TD-LS estimates that assume 100% resale and pre-RW MC substantially
underestimate the correct value. Although the results of Eqn. 4 are often closest to the actual
SC amounts, the differences between various TD methods and the correct answer vary
enormously from case to case.
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CHAPTER 4

BOTTOM-UP METHODS

Bottom-up methods treat individually each generating unit, power-purchase contract, and
balance-sheet item to calculate the amount of money a utility might lose because of RW. Here
we present ORFIN, an example of a BU method. This chapter also describes the base-case
utility we used to calculate TD and BU estimates of SC.

THE OAK RIDGE FINANCIAL MODEL

ORFIN is a simplified version of a utility integrated planning model. It includes a
production-costing module; utility financial statements (income statement, balance sheet, and
cash-flow statement); and a rate-design module (functionalization, classification, and allocation
of costs to customer classes).

Analysis of SC costs requires two ORFIN runs. The first run is a base case with no RW.
Generally, we ran the no-wheeling case using annual rate cases with a future test year to ensure
that the utility earns its authorized return on equity for each year of the analysis period;
assuming that the utility earned more or less than its authorized return would affect SC
estimates. The second run includes RW with the user specifying the timing and amount of
wheeling that occurs year by year. The RW case has retail electricity prices set equal to those
in the reference case. Differences in annual earnings between the base and RW cases are the
model’s estimates of SC losses that the utility’s shareholders would experience. Keeping prices
fixed between the base and retail-wheeling cases ensures that none of the SC costs are borne
by retail customers; all are borne by utility shareholders.

ORFIN allows for a variety of user inputs to test the effects of many factors on
production costs, assets, incomes, and losses (Table 1). The user provides information on the
initial state of the utility (e.g., as of 1995). These initial conditions include information on the
utility’s power plants and long-term power-purchase contracts; nonproduction operations and
maintenance (O&M) costs (which include transmission, distribution, and customer service);
balance sheet; and customer classes. The user also specifies the values of fuel prices for the
initial year and their escalation with time; these prices affect the wholesale-market prices and
the utility’s variable production costs.
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Table 1. Key inputs to ORFIN

Nongeneration operating costs
Transmission, distribution, customer service, and administrative and general (A&G)
O&M costs ($/year), social program costs ($/year), and O&M cost escalation (Yo/year)

Nongeneration capital costs
Transmission, distribution, and general capital costs ($/year, $/customer, $/AkW)

Power-purchase contracts
Capacity (MW), offline date (year), forced and planned outage rates (%), fixed costs
($/kW-year), and variable costs (¢/kWh)

Utility-owned generating units

Capacity (MW)), initial cost ($/kW), start and offline dates (year), tax and book
depreciation lives (years), forced and planned outage rates (%), fixed O&M cost ($/kW-
year), variable O&M cost (¢/kWh), O&M escalation rate (%/year), heat rate (Btu/kWh),
fuel type, and fuel prices ($/MBtu) by year

Wholesale-market prices

Prices (¢/kWh) by time period (% of year), escalation rates (%o/year), difference between
wholesale purchase and sale price (¢/kWh), and transmission capacity (MW)

Customers

By class: number of customers, consumption (kWh/customer-month), load factor, growth
rates (%o/year) in number of customers and in per-customer consumption, and T&D
energy and demand losses

Retail wheeling
Percentage of customers from each class that wheel by year, percentage of A&G costs
paid by wheelers, and ancillary-service cost adder (¢/kWh)

Finances

Long-term bonds and common equity (% of total capitalization and return in %/year),
inflation rate (%/year), federal/state income tax rate (%), revenue-sensitive tax rate (%),
property tax rate (%), frequency and type (historic vs future test year) of rate cases, and
regulatory assets

Information on production includes, for each generating unit, capacity (MW),
construction cost, tax and book depreciation lives, year of initial operation, plant operating
lifetime, forced and maintenance outage rates, fixed and variable O&M costs, heat rate, and fuel

type.

ORFIN includes three customer classes, residential, C/I, and RW. Initial conditions for
the first two classes include the number of customers, annual electricity use per customer, load
factor, T&D losses, and annual growth in the number of customers and in usage per customer.
User mputs for the wheeling class include the year wheeling begins, the fractions of residential
and C/I customers that switch to wheeling each year, the fraction of general plant A&G costs

16



paid by wheelers, and any charges for ancillary services that the utility includes in its wheeling
tariff.

ORFIN conducts rate cases according to a schedule set by the user. These rate cases can
use either a historical or a future test year. In either case, ORFIN first functionalizes all costs
as production, transmission, distribution, or general (Chamberlin 1981). These costs are then
classified as energy, demand, or customer. Finally, the costs are allocated among the three
customer classes. The residential class faces only energy and customer charges (¢/kWh and
$/month, respectively). The C/I and wheeling classes also face a demand charge in $/kW-
month. The charges to wheeling customers exclude production costs. The user specifies how
fixed costs are classified, which affects the energy, demand, and customer charges to each class.

The Dispatch module uses data for each year to calculate the generation, contract
purchases, and wholesale (spot) purchases and sales for the utility. The model allows for six
existing generating units, two long-term power-purchase contracts, one new resource (a utility-
owned plant or a contract), and new plants that are added in small increments each year to just
meet the utility’s reserve requirements. The model matches production and loads for a peak
period (that includes no planned outages) and an off-peak period [where plants are derated so
that their annual availability matches (1 - forced outage rate — planned outage rate)]. These
production-cost results are then used by the financial portions of ORFIN to calculate O&M
costs.

First, Dispatch calculates load-duration curves for the peak and off-peak seasons. Next,
the ten plants (including contracts) are sorted in order of their variable costs. Any must-run
plants can be given a zero bid price for dispatching purposes.

The load-duration curve is defined as the percentage of the season a given power level
is met or exceeded. ORFIN calculates an equivalent load-duration curve for each plant that
modifies the original load-duration curve to reflect the probability that plants lower in the
dispatch order are unavailable because of forced outages. For example, assume the plants all
have a 10% forced outage rate. The second plant will see a demand curve with the first plant
subtracted out 90% of the time and the full demand curve 10% of the time. The third plant will
see the demand curve minus both lower-cost plants 81% of the time, minus only the first plant
9%, minus only the second plant 9%, and the full demand curve 1% of the time. These
calculations are built up for each plant from zero output up to the utility’s maximum demand.
The details of startup costs and ramp time, part-load heat rates, and other complicating factors
are ignored in these calculations (Wood and Wollenberg 1984).

The percentage of the season a plant operates is calculated for up to 22 power levels.
Additional points could be used to increase accuracy, but only at the expense of computation
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speed and file size.” These 22 points (for each season) are sorted by increasing power level
before calculating the equivalent load-duration curve for each plant.

After the operating times for all plants are calculated for the year, ORFIN checks to see
if it is economical to sell excess power on the spot market or to displace some of its production
with spot purchases. The user inputs four wholesale power prices for different fractions of the
year. ORFIN compares the variable cost for each plant with the spot purchase and sale prices
for each period. If the plant’s variable cost is lower than the current spot sale price and the plant
has excess capacity, then the plant will sell into the market. If its variable cost is higher than the
spot purchase price and it is producing at that time, then the plant is backed off and wholesale
power is purchased instead. ORFIN compares each possible transaction with the input
transmission-capacity constraint and limits wholesale sales and purchases accordingly.#

Lack of generating capacity and/or transmission constraints may limit the ability of the
utility to meet all its customers” electrical requirements. This unmet (emergency) demand is
purchased on the wholesale market at the highest wholesale-power price.

ORFIN’s income statement shows the results of the utility’s operations for a calendar
year (Hirst and Hadley 1994). The income statement has three parts: revenues, expenses, and
income. Income is the difference between revenues and expenses. Revenues are the product of
electricity sales and electricity price, summed over the three customer classes. Operating
expenses include production costs, nonproduction (transmission, distribution, and customer
service) costs, book depreciation, income and other taxes, and interest payments. Production
expenses include fuel and O&M costs for the utility’s power plants, power-purchase contract
costs, and purchases and sales on the spot market. Net income is the return to utility
shareholders.

ORFIN’s balance sheet shows the utility’s assets, liabilities, and shareholder equity as
of the end of a calendar year. By definition, assets equal the sum of liabilities plus equity. Gross
assets, the original undepreciated costs of investments, are split into four categories: production,
transmission, distribution, and general. Accumulated book depreciation is the sum of the annual
amounts of book depreciation. Net plant is the difference between gross plant and accumulated
depreciation. Assets also include construction work in progress, regulatory assets, and
miscellaneous items. Together, these items add up to total assets.

*It takes less than one minute to run reference and retail-wheeling cases with 11 years of production
costing with a Pentium-90 personal computer.

*ORFIN allows the user to specify different transmission constraints for incoming (purchase) and
outgoing (sale) transactions. The model also allows one to credit or debit the retail-wheeling capacity against
these transmission constraints. We did not use these model capabilities for the current analysis because, in
our view, they add an unnecessary complication.
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The second half of the balance sheet shows capitalization, which in ORFIN is primarily
bonds and stocks. Liabilities include long-term debt and accumulated deferred income-tax
payments. Shareholder equity is the sum of common stock plus retained earnings.

BASE-CASE UTILITY

We used historical data from the Energy Information Administration (EIA 1995a) to
create a utility suitable for analysis. We did not create a utility that is “typical” of the large U.S.
investor-owned utilities; rather we created a hypothetical utility with a substantial amount of
stranded commitment. We developed a base case and a retail-wheeling case for this utility for
analysis from 1995 through 2005.

Base Case

In 1995, the initial year of simulation, the utility’s retail sales totaled 22,700 GWh,
nearly one-third to the residential class and the remainder to the C/I class. The utility’s pe
demand was 4610 MW, yielding an overall load factor of 56%. With residential loads growing
at 0.8%/year and C/I loads growing at 1.2%/year, total load grows at 1.1%/year (Table 2), the
same as that projected by EIA (1995b). -

The utility owns generating units with a combined eapacity rating of 4210 MW. In
addition, the utility has two long-term power-purchase contracts that provide another 1600 MW
of capacity. Thus, in 1995 the utility had a reserve margin of 26%. The utility’s capacity factor
of 45% (ratio of generation to potential generation) was slightly less than that of the nation’s
utilities overall (EIA 1995¢). The utility’s generation operating costs ranged from 1.0 to
5.5¢/kWh in 1995, The utility can buy and sell on the spot market up to a maximum of 1000
MW (whlch represents the maximum capacity in either direction of the transmission system in
that region). * The 1995 spot pnces range from 2.0 to 9. 0¢/kWh, depending on the time of year. #
Real wholesale prices remain constant from 1995 through 2000 and then increase at 3%/year
thereafter. Weighted by consumption, the average spot price in 1995 was 3.8¢/kWh, essentially
the same as the utility’s average MC (Fig. 3). Because spot prices are sometimes above and
sometimes below the utility’s marginal cost of generation, the utility both buys and sells on the
spot market. In 1995, the utility bought 3100 GWh and sold 1500 GWh.

With an average retail rate of 8.25¢/kWh, the utility’s total revenues in 1995 were $1.75
billion. Net income was $148 million, which yielded a return on equity of 11.5% (close to the

*Transmission constraints limit wholesale transactions in many parts of the country (e.g., between
Georgia and Florida and between Northern and Southern California).

#The marginal energy cost in Texas ranges from 0.5 to 9¢/kWh (Matlock 1995) and in California
from 1 to 10¢/kWh (White 1995).
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national average of 11.3%; EIA 1995a). The utility’s assets totaled $3.96 billion that year, of
which $1.26 billion was in shareholder equity.

The utility’s average price of 8.25¢/kWh included 2.85¢/kWh for fixed production costs,
2.15¢/kWh for variable production costs, and 3.25¢/kWh for transmission, distribution, and

other costs (Fig. 3). This retail price was 19% higher than the average price for U.S. utilities
(EIA 1995c).

With inflation at 3%/year, modest load growth, no increases in fuel prices, no new
generating units coming online, and no investment in existing generating units, the utility’s
assets decline from $3.96 billion in 1995 to $3.26 billion in 2005. In addition, all production
costs, both O&M and fuel, remain constant in real dollars during the analysis period. As a
consequence, real retail rates decline from 8.25¢/kWh in 1995 to 6.70¢/kWh in 2005; EIA
(1995b) projects essentially no change in real electricity prices to 2010. (All real dollar figures
are in 1995 dollars.)

PRODUCTION PART OF ELECTRICITY PRICE (1995-¢/kWh)
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Fig. 3. The utility’s fixed, variable, total, and marginal production costs plus spot

prices for the base case from 1995 to 2005. Fixed costs decline because of
inflation, load growth, and the lack of investment in generation. Variable
and marginal costs increase because of load growth. Wholesale prices
increase at 3%/year after 2000.
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Table2. Summary information from ORFIN for the base case

1995 1996 1997 1998 1999 2000 2005

ANNUAL SUMMARY
Retail sales (GWh) at busbar 22,713 22956 23203 23452 23,704 23,959 25276
Wholesale (spot) sales (GWh) 1,639 1,573 1,509 1,447 1,386 1,326 1,883
Wholesale (spot) purchases (GWh) -3,143  -3266 -3390 -3,521 -3,655 3,787 -4,446
Net wholesale GWh -1,505 -1,692  -1,882 -2,074 -2,269 2461 -2,563
Retail wheeling 0 0 0 0 0 0 0
Peak demand at busbar (MW)
Retail 4,608 4,657 4,706 4,755 4,805 4,855 5116
Wholesale sales 665 641 618 595 572 550 827
Wholesale purchases 974 980 985 991 997 1,000 1,000
Retail wheeling 0 0 0 0 0 0 0
Costs and prices (1995 ¢/kWh)
Average retail price 8.25 8.04 7.84 7.65 7.47 73 6.7
Average production costs
Fixed 2.85 2.72 2.56 2.41 2.26 2.13 1.62
Variable 2.15 2.16 2.18 2.19 221 2.23 2.33
Total 5 4.88 4.74 46 447 435 3.95
Average marginal cost of generation 3.72 3.74 3.76 3.89 3.92 3.95 42
Wholesale price to meet demand 3.76 3.76 3.76 3.76 3.76 3.76 436
Return on equity (%) 11.5 11.5 1.5 115 11.5 11.5 11.5
INCOME STATEMENT (million $)
Revenues 1,745 1,771 1,797 1,826 1,856 1,889 2,120
Expenses
Fuel 311 321 331 342 353 365 474
Power-purchase contracts 184 189 193 198 203 208 236
Spot purchases ' 74 80 86 93 100 108 180
Spot sales - -86 -85 -83 -82 -81 -79 -146
Purchased power, total 173 184 196 209 223 237 270
0&M, fixed + variable 247 255 263 271 279 288 354
Production expenses, total 730 760 790 822 855 890 1,098
Nonproduction expenses 237 244 250 257 264 271 309
Book depreciation 150 151 152 153 154 155 163
Depreciation of regulatory asset 8 8 8 8 8 8 8
Revenue sensitive taxes 122 124 126 128 130 132 148
Property taxes 77 77 75 74 73 71 66
Federal income taxes, current 71 68 65 62 59 57 96
Federal income taxes, deferred 12 12 12 12 12 12 -34
Expenses, total 1,408 1,443 1,478 1,516 1,555 1,596 1,854
Interest expense 189 186 182 178 175 171 156
Net income 148 142 137 132 126 121 110
BALANCE SHEET (million $)
Assets 3,963 3,885 3,809 3,734 3,660 3,589 3,257
Equity 1,260 1,213 1,167 1,121 1,077 1,033 962
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Retail-Wheeling Case

We assume that RW begins in 1996 with 10% of both the residential and C/I classes
eligible for wheeling that year and that these percentages remain constant through 2005. (In
reality, the timing and amount of RW depends on the utility’s rates, wholesale prices, and
customer price elasticity.) We also assume that retail and wheeling rates are the same in the
retail-wheeling case as they are in the base case. Thus, for purposes of this analysis, all the costs
of RW fall on utility shareholders.

Table 3 shows the effects of wheeling on the utility; the numbers in Table 3 are the
differences between the base-case and retail-wheeling-case values. The reduction in sales to the
utility’s retail customers is offset in part by increases in spot sales and decreases in spot
purchases. Roughly speaking, for every kilowatt-hour reduction in retail sales, the utility
reduces its net spot purchases by 0.8 kWh. Because of RW, the fixed-cost component of
generating costs increases, for example from 2.13 to 2.36¢/kWh in 2000. These increases are
offset in part by reductions in the variable-cost component of generating costs, which drops
from 2.23 to 2.07¢/kWh. The net effect of RW is a slight increase in production costs (e.g.,
0.08¢/kWh in 2000).

The utility’s earnings loss decreases from year to year, from $25 million in 1995 to $19.2
million in 2000 to —$0.1 million in 2005 (Table 4 and Fig. 4). This reduction is a consequence
of the decline over time in the fixed-cost component of electricity costs and the increase in
wholesale prices after 2000 (Fig. 3) and is consistent with other estimates of the temporal
pattern of losses (Matlock 1995). This temporal pattern illustrates well the difficulty in deciding
how many years to include in a stranded-commitment analysis. On an NPV basis, with the
authorized return on equity of 11.5%, the earnings loss is $100 million, which represents 8.2%
of utility equity as of 1995. Our utility’s potential loss is small compared to that estimated for
many U.S. utilities because we assume that only 10% of the utility’s load is at risk.

If the utility were to retain the loads of these RW customers, its losses would be lower.
On a NPV basis, the KS loss would be $82 million, 18% less than the LS amount. Thus, in this
particular case, the utility should, if possible, retain the potentially lost customers and charge
them market-based rates. Even if AWS-price equaled zero and transmission capacity was
infinite, the KS loss would still be less than the LS loss ($80 million vs $88 million).
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Table 3. Differences between base case and retail-wheeling case

1996 1997 1998 1999 2000 2005

ANNUAL SUMMARY . (Retail-wheeling results minus base-case results)
Retail sales (GWh) at busbar -2,296 -2320 -2345 2370 -2396 -2,528
Wholesale (spot) sales (GWh) 617 613 621 624 623 550
Wholesale (spot) purchases (GWh) 1,218 1,246 1,256 1,267 1,270 1,284
Net wholesale GWh 1,836 1,858 1,877 1,891 1,893 1,834
Retail wheeling 2,296 2,320 2,345 2,370 2,396 2,528
Peak demand at busbar (MW)
Retail -466 -471 -475 -480 -486 -512
Wholesale sales 232 227 230 230 230 173
Wholesale purchases -154 -140 -126 -113 -96 -25
Retail wheeling 466 471 475 480 486 512
Costs and prices (1995 ¢/kWh)
Average retail price 0 0 0 0 0 0
Average production costs 0 0 0 0 0 0
Fixed 0.3 0.28 0.27 0.25 0.24 0.18
Variable -0.15 -0.15 -0.15 -0.15 -0.15 -0.21
Total 0.15 0.13 0.12 0.1 0.08 -0.03
Average marginal cost of generation 021 -0.19 -0.3 -0.29 -0.29 -0.48
Wholesale price to meet demand 0 0 0 0 0 0
Return on equity (%) -2.04 -2.01 -1.95 -1.87 -1.77 0.01
INCOME STATEMENT (million $)
Revenues -132 -134 -135 -137 -139 -155
Expenses
Fuel -6 -6 -7 -7 -8 -18
Power-purchase contracts -7 -8 -8 -8 -9 -9
Spot purchases -33 -35 -37 -39 -41 -63
Spot sales -35 -36 -38 -39 -40 -46
Purchased power, total -75 -78 -82 -86 -90 -119
O&M, fixed + variable -2 -2 =2 -2 -2 -7
Production expenses, total -84 -87 -91 -95 -100 -144
Nonproduction expenses 0 0 0 0 0 0
Book depreciation 0 0 0 0 0 0
Depreciation of regulatory asset . 0 0 0 0 0 0
Revenue sensitive taxes, -9 -9 -9 -10 -10 -11
Property taxes 0 0 0 0 0 0
Federal income taxes, current -14 -13 -13 -12 -11 0
Federal income taxes, deferred 0 0 0 0 0 0
Expenses, total -107 -110 -113 -117 -120 -155
Interest expense 0 0 0 0 0 0
Net income -25 -24 -22 -21 -19 0
BALANCE SHEET (million $)
Assets 0 0 0 0 0 0
Equity 0 0 0 0 0 0
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For comparison purposes, ORFIN also calculates SC estimates with the various top-
down methods discussed in Chapter 3 (Table 4).

Table 4. Top-down and bottom-up estimates of earnings losses (million $)

Method 1996 1997 1998 1999 2000 2005 NPV

TD-LS: no resale, AVC? 46.0 453 44.6 439 432 413 2519
TD-LS: 100% resale, AVC 24.9 23.5 222 20.8 19.5 1.7 102.7
TD-LS: no resale, pre-RW MC 222 204 16.8 14.7 12.5 0.8 77.9
TD-LS: 100% resale, pre-RW MC 22.2 204 16.8 14.7 12.5 0.8 77.9
TD-LS: no resale, average MC 23.8 222 19.5 17.6 15.6 03 89.0
TD-LS: 100% resale, average MC 23.8 22.0 19.2 17.2 15.1 1.7 91.3
BU-KS 219 204 18.9 17.4 15.9 -2.7 824
BU-LS . 253 23.9 223 20.5 18.7 -0.1 100.1

3AVC = average variable cost.

UTILITY EARNINGS LOSS (million $)
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Annual earnings loss to the ORFIN base-case utility with 10% of retail

customers choosing to wheel.
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CHAPTER 5

FACTORS THAT AFFECT
STRANDED-COMMITMENT AMOUNTS

Stranded commitments (SC) can include four classes of costs (Niagara Mohawk Power
Corp. 1994):

L Assets, primarily in expensive power plants and excess capacity

n Liabilities, primarily in power-purchase contracts (including those with qualifying
facilities), fuel-supply contracts, and deferred income taxes

u Regulatory assets (whose value is based on regulatory decisions rather than on market
forces), including deferred expenses and costs for demand-side management programs
that regulators allow utilities to place on their balance sheets

n Public-policy programs, including tax collection, environmental compliance beyond that
required by law, demand-side management programs paid for by all customers, special
programs for low-income customers, and support for energy research and development.
Unlike the other three categories, the costs in this category are current, not sunk.

Baxter (1995) provides additional details on these four cost categories, noting areas of
agreement and disagreement among participants in debates about which costs in each category
should be considered in calculating stranded commitments.

Here we examine the specific factors that affect SC estimates and classify them as
factors that relate to wholesale markets vs accounting factors (Table 5). Calculating SC for the
former set of factors requires explicit attention to the interactions between a utility (and its
power plants and transmission network) and its surrounding wholesale market (market prices
as a function of time and transmission constraints). Factors in the second category require
explicit attention to the utility’s accounting practices and the mechanics of rate design in that
jurisdiction,

THE WHOLESALE MARKET

The interactions between a utility’s generating resources and the wholesale market are
crucial to the accurate estimation of SC. Figure 5 shows a hypothetical load-duration curve,
utility marginal-cost curve, and wholesale spot prices throughout a particular year. (This figure,
based on the ORFIN cases discussed in Chapter 4, is an expanded version of Fig. 1 in
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Chapter 2.) Both utility costs and spot prices are highest when demands are highest (during
winter and summer peaks). We purposely drew these curves so that the utility MC (the variable
O&M plus fuel costs of the most expensive plant in operation at that time) is sometimes above
and sometimes below the wholesale spot price.

Table S. Factors affecting the amount of stranded commitment a utility faces
Factor Wholesale Accounting
market

Generation Assets
Capital costs (initial cost, depreciation, taxes, etc.)
Fixed production O&M
Variable production O&M
Forced and planned outage rates

AN

AN

Liabilities
Power-purchase fixed costs v
Power-purchase variable costs v
Deferred income taxes 4

Regulatory assets 4

Public-policy programs
Public-policy programs that are expensed

SN

Other costs (e.g., A&G expenses) not in wheeling rates

Other factors
Load growth by customer class

ANIAN

Customer-class load factors

AN NI N

Customer-class loss factors
Inflation rate

SN

Income-tax rates

Wholesale-power prices

Difference between wholesale purchase and sale prices
Number of customers that choose retail wheeling

AN NI N N

Transmission capacity for wholesale transactions
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Fig. S. Load-duration curve, utility marginal production costs, and wholesale spot

prices for the ORFIN base-case utility.

During period A, the utility’s MC is above the spot price. Therefore, the utility will
reduce its generation and purchase enough power on the spot market to meet its retail-customer
demand. The amount of power that the utility will buy during this period will depend on the
output of the marginal plant (call it Plant 3) in the absence of the spot market, any transmission
constraints, and the variable costs and outputs of the preceding generating units (i.e., the units
operating at that time with variable costs below that of Plant 3). In this case, the utility would
turn off Plant 3 (with a cost of 3.8¢/kWh) but would continue operating the inframarginal unit
(with a cost of 2.8¢/kWh) because the inframarginal unit is no more expensive than the spot
price. Thus, the total output of Plant 3 would, during this period, be replaced by the lower-cost
spot price. However, if transmission capacity is limited, the utility may not be able to buy as
much power as would otherwise be economical.

During period B, the utility’s MC is lower than the spot price, so the utility will seek to
sell any unused capacity it has. The amount of power that the utility will sell during this period
will depend on the unused output of the marginal plant (call it Plant 5), any transmission
constraints, and the marginal costs and capacity of the next units (i.e., the units that would be
the next to operate if demand increased). In this case, the utility would operate Plant 5 (with a
cost of 4.3¢/kWh) at maximum output but would not turn on the next unit because its variable
cost of 5.5¢/kWh exceeds the spot price at that time of 5.0¢/kWh. As in the prior case, the
amount of electricity the utility can sell may be limited by transmission constraints.
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How would these transactions be affected by RW? During period A, either the utility
would be producing less with Plant 3, or Plant 2 (with a variable cost of 2.8¢/kWh) would be
on the margin. In the former case, the utility would buy less on the spot market and in the latter
case it would neither buy nor sell because the MC of Plant 2 would equal the spot price.

During period B, either the utility would be producing less with Plant 5, or Plant 4 would
be on the margin. In the former case, the utility would be able to sell more of the capacity from
Plant 5 than in the base case. In the latter case, the utility would sell the unused output of Plant
4 plus all the capacity from Plant 5. Of course, these amounts could be limited by transmission
constraints.

In summary, RW can affect the utility’s interactions with the wholesale market in
different ways, depending on the relationship between the utility’s MC and the spot price
(whether the utility wants to sell more or buy less), any differences between the utility’s
purchase and sale prices for wholesale power,* transmission constraints, and generating
capacity constraints.

Returning to Table 5, we consider the specifics of how various factors depend on the
wholesale market. Variable production costs determine the utility’s MC along each point of the
load-duration curve (Fig. 5). Increases in operating costs for individual power plants will reduce
the amount of power the utility will sell on the market and will increase the amount of power
it will buy. The same is true for the variable portion of power-purchase costs. Changes in
wholesale prices have exactly the same effect (with the opposite sign) as do changes in
production costs. For example, a decrease in spot prices will reduce the amount of power the
utility sells on the market and will increase the amount of power it buys in exactly the same way
that an increase in variable costs would. Because of this symmetry between changes in
wholesale prices and changes in MC, we show results only for changes in wholesale prices.

Differences between the utility’s wholesale purchase and sale prices (AWS-price)
increase the deadband within which the utility neither buys nor sells on the spot market. To
illustrate, consider region B in Fig. 5 again. If the utility could sell on the spot market at
0.8¢/kWh below what it could purchase, it would neither buy nor sell during this period. Its
generation cost of 4.3¢/kWh is below the 5.0¢/kWh at which it would purchase power and
above the 4.2¢/kWh at which it could sell power.

Lower outage rates increase the availability of a utility’s power plants. Increased
availability would lower the utility’s variable costs, reducing the losses associated with RW.

*If, for example, the utility can sell on the wholesale market at a price 0.2¢/kWh below what it can
buy on the market, the utility neither buys nor sells whenever its MC is between its buy and sell prices. Such
a buy-sell differential could exist if the utility had to pay for losses or for other ancillary services when it sold
power on the spot market.
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Changes in load growth affect wholesale transactions because the energy and capacity
requirements for retail customers determine the opportunities the utility has to buy and sell on
the market. For example, if loads are higher, the utility will have less discretionary generating
capacity to sell on the market. The reduction in the fixed costs of generation associated with
higher load growth more than offsets this factor. Including both accounting and wholesale-
market factors, higher load growth reduces SC. For the base case discussed in Chapter 4, an
increase in load growth from 1.1 to 2.1%/year cuts SC by 6%.

Changes in the number of customers that choose to wheel have similar effects; as more
customers leave the utility’s system, its MC drops, giving it less need to purchase and more
opportunity to sell on the wholesale market. However, transmission constraints increasingly
limit the utility’s ability to take advantage of wholesale opportunities as the amount of RW
increases. And the increase in fixed costs per retail kWh sold more than offsets the reduction
. in variable costs. Therefore, the SC losses per wheeling customer increase with the fraction of
a utility’s load that wheels.

Class load factors and loss factors affect the relationships between customer use and
generating requirements and the relationship between energy and demand (the shape of the
overall load-duration curve). These changes affect the amount and timing of capacity that a
utility can sell or needs to buy on the spot market. Lower load factors increase SC because such
loads are more expensive to serve. Higher T&D losses increase SC for the same reason. The
effects of these factors on SC is a function both of wholesale markets and rate design.

Finally, transmission constraints can limit the amount of purchases and sales that might
otherwise be economical, At the limit, with no transmission capacity, the utility would neither
buy nor sell, regardless of the relationships between the variable costs of its generating units
and spot prices.

Table 6 summarizes this discussion of the relationship between SC estimates and
wholesale markets. As wholesale prices increase, the LS-SC estimates decrease (Fig. 6). Indeed,
if wholesale prices are sufficiently above the utility’s cost of generation, then SC can be
negative (i.e., the utility can earn more money selling on the wholesale market at spot prices
than it can selling to its retail customers at embedded-cost prices). This negative relationship
between prices and SC depends on transmission capacity, however. If transmission capacity is
low, the amount of SC is nearly invariant with wholesale prices.
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Fig. 6. Effects of changes in wholesale electricity prices on estimates of stranded

commitments. The top figure is the base case, and the bottom figure shows
results for transmission capacities of 0 and 2000 MW.
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Table 6. The effects of increases in different factors related to wholesale power
markets on estimates of stranded commitments

Factor Effect on stranded commitments if utility:
increasing

Keeps sale Loses sale
Wholesale Decreases Decreases for all values of RW and
prices? AWS-price; nearly independent of

wholesale prices at low values of
transmission capacity

Transmission Decreases Decreases for all values of AWS-price

capacity and high values of RW; increases at low
values of RW; increases at low wholesale
prices and decreases at high wholesale

prices
Percentage of  Increases linearly with Increases more rapidly than number of
customers that  number of RW customers RW customers
wheel
AWS-price No change at low No change at low wholesale prices;

wholesale prices; increases  increases at high wholesale prices
at high wholesale prices;
invariant with transmission
constraint and RW
4The response to increases in the utility’s marginal costs of generation is exactly the
opposite of those for increases in wholesale prices.

If the utility keeps the sale, its losses also depend on wholesale price. As the wholesale
price increases, the utility’s loss (Eqn. 1) decreases because the difference between its
production cost and wholesale price declines. Because the utility’s production cost may depend
to some extent on its purchase or sale of electricity to meet native loads, transmission
constraints affect SC estimates. However, the effects of transmission constraints in the KS case
are much less than in the LS case.

The relationship between LS-SC and transmission capacity depends on the relationship
between wholesale prices and utility MC (Fig. 7). When wholesale prices are close to MC,
transmission capacity has little effect on SC estimates because there is little profit to be earned
on purchases and sales (Eqn. 2). At wholesale prices lower than MC (under which conditions
the utility would purchase power), increasing transmission capacity increases the amount of SC.
As transmission capacity is increased, the utility will buy as much power as it can up to the
transmission limit. However, in the RW case, the utility’s MC is lower than in the base case,
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Fig. 7. Effects of changes in transmission capacity on estimates of stranded

commitments. The top figure is the base case, and the bottom figure shows
results for wholesale prices 1¢/kWh above and below the base-case values.
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so it has less need to buy on the spot market. Thus, increases in transmission capacity benefit
the base case more than the wheeling case, leading to increases in SC estimates. The reverse
is true at higher values of wholesale prices. Here, as the transmission capacity is increased, the
utility sells more power. In the RW case, the utility’s MC is again lower so it can sell more
power on the wholesale market. Thus, at high wholesale prices, the utility earns more money
on the spot market with RW than without.

If the utility keeps the sale, its losses depend only slightly on transmission constraints.
As explained above, the utility’s production costs may depend on its wholesale purchase or sale
to meet native loads. The KS and LS estimates are closest to each other when transmission
capacity is large (bottom of Fig. 7).

The LS loss increases more than linearly with the number of RW customers. Thus, as
the percentage of RW customers increases, the LS-SC loss per wheeling customer increases
(Fig. 8). With low wholesale prices, as RW increases, the utility buys less and less (because its
MC decreases with increased wheeling) and eventually begins to sell on the spot market. At
high values of RW, the utility is unable to sell as much as its MC would suggest because of
transmission constraints. As transmission constraints become more binding, the SC loss per RW
customer increases. At high spot prices, as wheeling increases, the utility sells more and more
until, once again, it reaches the transmission constraint. Beyond this point, the SC losses
increase with increases in wheeling. Higher transmission capacity lowers SC for all values of
RW.

If the utility keeps the sale, its losses increase linearly with the number of RW
customers. Thus, per wheeling customer, the KS losses are invariant with the amount of RW
because neither pre-RW production costs nor wholesale prices depend on the amount of RW.

Finally, as the difference between wholesale purchase and sale prices (AWS-price)
increases, LS-SC increases for high values of wholesale price (Fig. 9). At low values of
wholesale price, the SC estimates are nearly invariant with price difference because the utility
would sell little power on the spot market under these conditions (i.e., its production costs are
almost always higher than spot prices). The effects of AWS-price on SC are smaller than the
effects of the other factors discussed above.

Once again, the KS losses do not depend on the difference between wholesale sale and

purchase prices because this factor has no effect on elther pre-RW production costs or on
wholesale prices.
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Fig. 8. Effects of the percentage of retail load that chooses wheeling on estimates

of stranded commitments (normalized to 10% retail wheeling). The top
figure is the base case, and the bottom figure shows results for wholesale
prices 1¢/kWh above and below the base-case values. The y axis is different
than that for Figs. 6, 7, and 9.
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ACCOUNTING FACTORS

We return now to the accounting factors listed in Table 5. These factors have no effect
on the utility’s interactions with the wholesale market. Instead, they affect the utility’s income
statement and balance sheet. Therefore, they have the same effects on the KS and LS resuits.
In addition, decreases and increases in these factors have symmetrical effects on SC estimates,
unlike the factors that affect wholesale markets.

Changes in the fixed cost of generation include those factors related to the capital costs
of the utility’s power plants (initial construction cost, book and tax depreciation rates, property
tax, interest payment on bonds, and return on equity) plus the annual fixed O&M costs.
Changes in the fixed costs of utility-owned plants affect SC estimates exactly as do changes in
the fixed costs of power-purchase contracts. All these factors are included in the first factor in
Table 7. Increasing the fixed-cost component of generation by $25/kW-year (equivalent to
0.6¢/kWh) increases the SC estimates by 72% for our base-case utility.

Regulatory assets include a variety of past costs that regulators allow utilities to collect
in the future; these costs are all assigned to generation for ratemaking purposes. As identified
by the Edison Electric Institute (1994), they include phase-in of newly completed power plants,
unrecovered plant costs, and future costs (e.g., decommissioning of nuclear power plants and
postretirement benefits for employees). A 50% increase ($50 million) in these regulatory assets
has only a small (4%) increase in SC.

Social programs include annual expenses that pay for activities such as special programs
for low-income consumers, demand-side management programs, and energy research. Doubling
such expenditures (adding $40 million/year) increases SC by 11%. Increasing A&G (overhead)
costs has the same effect on SC as does increases in social-program costs.

General plant capital costs refer to those investments (e.g., office buildings, computers,
and vehicles) that support the overall operation of the utility. Doubling these investments
(adding $5 million/year) each year has only a small (1%) effect on SC estimates.

Rate design (in particular, the allocation of costs between wheeling and nonwheeling
customers) affects SC estimates. The base case requires wheeling customers to pay for a share
of A&G costs assuming that these costs are allocated across generation, transmission, and
distribution according to the fixed costs for these three functions. This assumption leads to an
allocation of 45% for wheeling customers. Allocating more of these costs to wheeling
customers (e.g., raising the factor from 45 to 60%) lowers SC by 10%. Indeed, if wheeling
customers paid for these A&G costs at the same rate as remaining retail customers do, then
there would be no change in SC estimates caused by changes in social programs, A&G annual
costs, or general-plant capital costs.
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Finally, inflation affects the rate at which fixed production costs depreciate. Higher
inflation rates (assuming that the utility’s cost of capital does not change) reduce fixed costs and
therefore lead to lower estimates of SC.

Table 7. The effects of various accounting factors on estimates of stranded
commitments?
Change in SC
Factor .
% million $

Fixed production costs ($140/kW-year),® + $25/kW-year 72 60
Regulatory assets ($100 million), + $50 million 4 3
Social programs ($40 million/year), + $40 million/year 11 9
Administrative & general costs ($80 million/year),

+ $40 million/year 11 9
General-plant capital costs ($5 million/year),

+ $5 million/year 1 1
Allocation of A&G costs to wheeling customers (45%),

+15 percentage points -10 -8
Inflation rate (3%/year), + 1%/year -4 -3

3The KS and LS estimates of SC in the base case are $82.4 and $100.1 million,
respectively. The absolute effect of the seven factors shown above is the same for both SC
estimates. Because of the difference in these two base-case SC values, the percentage-change
figures are not identical; the values shown above are based on the keep-sale calculations.
®The numbers in parentheses are the base-case values for each factor (Chapter 4).
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CHAPTER 6

WHEN IS IT BETTER TO KEEP THE SALE?

As discussed in Chapter 3, if it is cheaper for the utility to keep the sale than to lose the
sale, one can use a simple TD method to calculate accurately SC losses. On the other hand, if
it is cheaper for the utility to lose the sale, then one must use either a TD method that is not
accurate or a more detailed BU method to calculate SC losses. Here we explore the conditions
under which the KS option is preferred (i.e., results in smaller SC losses than the LS option).

If the utility keeps the sale, its revenues are based on the purchase price for wholesale
power. If the utility loses the sale, its resale revenues are based on the sale price for wholesale
power, which, in our analyses, is equal to or less than the purchase price. In addition, if the
utility loses the sale, it may not be able (because of generation and transmission constraints) to
resell all of this capacity and energy on the wholesale market. On the other hand, if the utility
loses the sale, it can choose, based on the time-varying relationship between its MCs and
wholesale prices, when to buy and sell on the wholesale market.

The results presented in Chapter 5 show that when the wholesale price is higher than the
utility’s MC, the utility is better off keeping the sale. The results are conditioned by
transmission capacity, the percentage of customers that wheel, and the difference between
wholesale sale and purchase prices. Generally speaking, the KS option is preferred as wholesale
price increases relative to the utility’s MC, as the percentage of customers that wheel increases,
and as the difference between wholesale purchase and sale prices increases.

KS losses are much more sensitive to changes in wholesale prices than are LS losses
(Fig. 6). This greater sensitivity occurs because the KS loss depends directly on the wholesale
market price (Eqn. 1). The LS loss also depends on the wholesale price but in a more
complicated fashion (Eqn. 2). As the wholesale price increases, the utility’s loss caused directly
by the departure of retail customers declines. At the same time, however, the additional earnings
associated with resale of the energy lost because of RW decline. Because these two factors
operate in opposite directions, the LS estimates are much less sensitive to changes in wholesale
price than are the KS estimates.

KS losses depend slightly on the amount of transmission capacity available for
wholesale transactions (Fig. 7). Increases in transmission capacity lower the utility’s production
cost by allowing it to buy (at low wholesale prices) or sell (at high wholesale prices) on the spot
market. LS losses, on the other hand, depend strongly on the amount of transmission capacity
available. For the range of conditions examined here, the relationship between the KS and LS
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estimates is almost independent of transmission capacity. As transmission capacity increases,
the KS option is preferred at lower wholesale prices.

KS losses per unit of lost load are completely independent of the fraction of retail load
that chooses to wheel (Fig. 8). LS losses, however, increase substantially as the amount of RW
increases. At low wholesale prices, the LS option is preferable at low fractions of RW and the
KS option is preferable at high fractions. At high wholesale prices, the KS option is always
preferable because the LS loss is higher than the KS loss even at very low RW fractions.

KS losses increase slightly with increases in AWS-price for wholesale prices higher than
MC (Fig. 9). The reason for this slight dependence on price difference is the same as that for
transmission capacity—increases in the price difference reduce the utility’s ability to sell on the
spot market, thus raising its production cost slightly. LS losses are much more sensitive to
increases in the wholesale-price difference because this difference directly determines the
utility’s earnings from the resale of RW losses (the second term in Eqn. 2).

Generally, when wholesale prices are above marginal costs, the KS option is preferred.

When wholesale prices are below marginal costs, the KS option is preferred only at high levels
of RW.
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CHAPTER 7

CONCLUSIONS

Quantification and recovery of stranded commitments is a key issue in every state that
is considering changes in the electricity industry (Eckert 1995). This attention to stranded
commitments is a consequence of the large dollar amounts that will be transferred among utility
shareholders, customers, and taxpayers. Therefore, utilities, regulatory commissions, and
electricity consumers need to agree on appropriate methods to calculate stranded commitments.
These costs are typically associated with utility-owned generating units and power-purchase
contracts whose book values exceed market values. Stranded commitments also include
regulatory assets and societal programs. These are costs “that would be recovered under the
existing regulatory regime, but would not be recovered in a fully open retail market” (Niagara
Mohawk 1995).

The amount of stranded commitment a utility will face depends on whether the utility
keeps the sale at risk of retail wheeling or loses the sale. The SC calculation when the utility
keeps the sale is simple. However, if the utility loses the sale, the SC calculation is more
complicated. The complications arise because of the interactions between the utility’s
generating resources and the wholesale power market.

This distinction between the KS and LS options leads us to categorize the factors that
affect SC according to whether they affect the wholesale power market or accounting factors.
Those that affect wholesale markets are crucial to the determination of the LS option and are
the source of the complications noted above. Variable production costs, wholesale-power prices,
and transmission constraints are examples of wholesale-market factors. Fixed generating costs
(initial cost, depreciation, taxes, and fixed O&M); public-policy programs; and income-tax rates
are examples of accounting factors.

We defined and explained two classes of models that can be used to estimate the amount
of SC a utility will face, top-down and bottom-up. TD methods are simple to apply, whereas
the BU methods, because of their inherent detail, are data and labor intensive. TD methods are
suitable for estimating stranded commitments at the regional and national levels. Bottom-up
methods will likely be required to analyze utility-specific SC issues as a prerequisite to
allocation of these costs among different entities.

Although the BU approach presented here is much more complicated than the TD

approach, it does not incorporate all the factors that can affect SC estimates. For example, both
approaches ignore the likely dynamic interactions between changes in industry structure and
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regulation on the one hand and wholesale markets and prices on the other hand. In reality,
wholesale prices will depend on regulatory and utility decisions concerning industry structure
and treatment of stranded commitments. In addition, electricity demand is a function of
electricity prices. Changes in industry structure and regulation that affect electricity prices will
affect demand. These changes in demand will then affect stranded commitments. The time
period over which to compute stranded commitments is a difficult policy decision, especially
if SC is positive for a few years and then turns negative (see the results for 2005 in Fig. 4).
Finally, if utilities writeoff uneconomic generating assets, the tax and operating implications
will be substantial. The income-tax effects of such write-offs can be quite complicated. And the
removal of some generating units from operational status would affect wholesale markets and
prices.

Our parametric analyses showed that the KS option is usually preferred when wholesale
prices are above the utility’s marginal production cost, as the percentage of customers that
wheels increases, and as the difference in wholesale purchase and sale prices increases. Under
those conditions, when the KS loss is less than the LS loss, one can use a TD approach to obtain
an accurate estimate of SC losses.

However, when the LS loss is less than the KS loss, the TD methods do not yield
accurate estimates. We examined a variety of TD-LS methods but were unable to find ones that
consistently gave results close to those obtained with a BU method. Thus, one must resort to
the BU approaches when the LS option is preferred.

Our analysis of the factors affecting SC estimates showed that wholesale prices (or their
equivalent, the utility’s marginal production costs) and the utility’s fixed production costs have
the largest effects (Fig. 10). The KS estimates are more sensitive to changes in wholesale price,
fixed production costs, regulatory assets, and social programs than are the LS estimates. On the
other hand, the KS estimates are relatively insensitive to differences between wholesale
purchase and sale prices and on a per-customer basis are independent of changes in the fraction
of retail load that wheels.
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Fig. 10. The effects of changes in various factors around their base-case values on

estimates of stranded commitment. Base-case values of stranded
commitment are $82.4 million for the keep-sale option and $100.1 million
for the lose-sale option.
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