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ABSTRACT

Conservation programs affect utility earnings through specific rate-making
procedures. In this paper we simulate the effect of exogenous conservation
programs on the earnings of Detroit Edison (DE) and Pacific Gas and Electric
(P.G.&4E.). Revenue losses associated with conservation programs are estimated
on a rate schedule level using specific tariff structures and sales frequency
distributions. The benefits of conservation are avoided fuel and capacity
costs. These are estimated using simulations of utility reliability and pro-

duction costs.

Since both DE and P.G.&E. have inverted residential rate schedules, we
expect revenue losses to exceed avoided fuel costs. Revenue lost is dispro-
portionately in the top (highest price) rate tier. This price is wusually
above marginal fuel cost, even for P.G.&E., where the marginal fuel is often
0il and gas. Revenue loss net of avoided fuel is greater for DE than P.G.&E.
because DE has low marginal costs and a steeply inverted rate schedule.

In addition to tariff design, P.G.&E differs from DE in that It benefits
from a regulatory stabilization mechanism which prevents operating losses from
unanticipated conservation. No state other than California has such a mechan-
ism. In addition to this loss-preventing factor, P.G.&E. experiences reduced
capacity costs from conservation. Because DE has substantial excess capaclty,
there is no such benefit in their case.
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1.0 Introduction
Conservation programs may either increase or decrease the earnings of

utility shareholders. The outcome depends upon the precise interaction of
costs and rates assoclated with the load change induced by conservation

‘actions. In this study a method is developed and tested to measure such

financial impacts. Previous studies of conservation economics in the utility
context focus on the consumer perspective. The issues which are relevant to
consumers involve rate and revenue levels. The shareholder perspective
involves the changes in earnings associated with conservation, Because earn-
ings is the difference between revenues and costs, 1t 1s harder to measure
precisely than either of its components terms. Given the complexity of the
task, a somewhat simplified approach has been adopted. We will focus on a
figure-of-merit that {s related to what accountants call Earnings Before
Interest and Taxes (EBIT)., EBIT will allow us to capture the important
economic and regulatory variables without the unnecessary detall of corporate
tax and debt analysis.

To test the usefulness of EBIT we consider three utilities which differ
substantially in their economic circumstances and regulatory practices. The
companies studied are Detroit Edison (DE), Pacific Gas and Electric (PG&E) and
Virginia Electric and Power Company (VEPCO). We simulate the dmpact of
specific residential electricity conservation policies on the hourly loads of
these wutilities, The simulation is performed using the LBL Hourly Demand
Model coupled with the ORNL/LBL Energy Forecasting Model. The results of
these simulations are the input to our financial analysis.

A particularly important stage in this analysis is the estimation of reve-
nues lost through conservation. This is a difficult task because residential
electricity rates are often non-linear. Prices vary with the level of use,
either directly (inverted rates) or inversely (declining rates). Thus, we
need to know where in the price structure conservation is occurring. The data
used to make such estimates 1s called the sales frequency distribution. All
previous conservation studies have neglected this distribution and the non-
linear revenue effect. We will use a simple technique for measuring revenue
impacts in our three test case utilities, all of which have non-linear rate
schedules.

The plan of this paper is as follows. In section 2, we define EBIT for
our problem and discuss its general properties. The methods and tools used to
estimate the components of EBIT are reviewed in section 3. The characteris-
tics of the three test utilities are outlined in section 4. Results are given
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in section 5 and conclusions in section 6.
2,0 Definition and Properties of EBIT

Broadly speaking, earnings is the difference between operating margin and
fixed costs. The operating margin (OPM) is Just the difference between reve-
nues (R) and operating costs {0C). Formally we may write

OPM = R -0OC. (1)

Since we will be interested in changes in these quantities, it 1is useful to
Introduce subscripts to denote different cases and the first difference opera-
tor A (AX =X, - X;). With this notation, we define changes in the operating mar-
gin AOPM as follows:

AOPM = OPM, - OPM, , (2)
= AR -AoC.
Next we define EBIT as it will be used in this study,
EBIT = OPM-(Depreciation+-Investment), (3)

= OPM - (Embedded Fixed Costs + Marginal Fixed Costs).

This definition of EBIT differs from the accountants usage by addition of the
investment term., It is important to represent changes in utility investment
due to conservation, because this is a ma jor potential benefit of such pro-
grams. Moreover, the unfavorable conditions for utility investment in today”s
markets means that a true measure of shareholder income must include the nega-
tive impact of marginal investment. An example of a similar approach is ref.
(3). Finally wve must write Eq. (3) in first difference form, since it 1is
changes in EBIT that we will measure, namely,

AEBIT = AOPM ~ AEFC - AMFC, (4)

where EFC = embedded fixed costs (depreciation),
and MFC = marginal fixed costs (investment).

It is useful to describe the typical conditions affecting the sign and
magnitude of each term in Eq. (4). The first term, AOPM, 15 most seneitive to
the fuel type associated with the utility”s marginal cost. Utilities with a
substantial dependence on oil and gas for incremental production will typi-
cally have smaller OPM than those which use coal or nuclear fuel on the mar-
gin. 1In the latter case, conservation will typically result in AOPM < 0. The
lost revenue will be greater than marginal cost. For oil and gas~fired utili-
ties AOPM can be either positive or negative, so an accurate measure of margi-
nal revenues and marginal costs is important.
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The second term in Eq. (4), AEFC, should be identically zero. This fol-

lows from the fixed level of embedded cost and their re-allocation in the
rate-making process. Load shape changes will 1induce changes iIn the class
responsibility for embedded cost recovery, but not in the sum total. Thus
rate shifts are inevitably part of load shape changes, but there should be no
impact on AEBIT. Other studies of load shape changes estimate the size of the
revenue shifts (Barrager, 1983). This is done by using the fixed cost alloca-
_tlon rules employed by particular utilities and calculating changes in class
-responsibility. It should be noted that fixed cost allocation methods differ
widely (see NARUC) and are to some degree arbitrary. We make no analysis of
such effects.

The last term in Eq. (4), AMFC, will reflect the long run conservation
benefit of avoided investment. Typically, - AMFC > 0 because conservation pro-
grams reduce capacity requirements. It is possible that AMFC = 0, if the
utility has substantial excess capacity. In this case, reducing the need for
incremental capacity has no value because there was no such need to begin
with. Where avoided investment does have value, there may be problems
involved in valuing the benefit quantitatively. We will follow methods used
by the utilities studied,

3.0 Topls and Methods

Load shape changes associated with particular conservation programs for
particular wutilities are estimated using the LBL Hourly Demand Model coupled
with the ORNL/LBL Energy Forecasting Model. These have been described else-
where (1), (2). The unique application made of these models here is to use
them at the level of utility rate classes. In this section we describe the
methods used to estimate each term in Eq. (4) for AEBIT.

The revenue term for a non-linear rate schedule can be written formally as

n .
R = 3 (Fraci) (Pi) (Total Sales), ‘ (5)

i=1
where Frac:l
Py
n

fraction of total sales in rate block i,

price per kWh in rate block 1,

nuntber of rate blocks.

The terms Frac; are typically read off a sales frequency distribution table.
This table 1ists for any consumption level j the total number of kilowatt-
hours sold at or below that level. Then Fracy is Just the cumulative total
sold in the quantity range spanned by rate block {. In most cases there are
only two or three blocks. The problem of revenue forecasting is estimating
how the size of Frac, varies with Total Sales. We will rely on a standard
industry procedure known as the block-adjustment method. It is illustrated in
Figure 1. A modern treatment of this subject is ref. (5).

Figure 1 shows two sales frequency distributions representing the Pacific
Gas and Electric Company. Each curve has a mean value u associated with it.
In this case the average kWh/month occurs at about 75% of cumulative sales.
The 1line drawn at Bl,O represents the upper boundary of the first rate block
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(340 kWh/mo). It intersects the Base Case curve at about 52% of cumulative
sales. The block-adjustment method for altering sales frequency distributions
amounts to changing the block boundary points 1in proportion to changes Iin
average use. Formally, the rule is given by

Bi,n/Bi,o - Po/Pn’ (6)
-where By , = Rate block 1 boundary in base case,
' B; ' = Adjusted rate block i boundary in test case,
; = Base case mean kWh/bill,
B, = Test case mean kWh/bill.

Intuitively the logic of Eq. (6) is this. If consumption on the average
decreased (p./ > 1), then more sales occur at lower levels of consumption.
This means that the first (lowest quantity) rate block must have a larger
fraction of total sales than in the base case. To reflect this larger frac-
tion, Eq. (6) Just moves the rate block boundary up, rather than shift the
sales frequency curve. This is a linear approximation to the actual process,
which does involve a shift of the curve.

It should also be noted that in the case of a decrease in average use, Eq.
(6) will tend to under-predict changes in rate block fractions when large
reductions 1n the average use occur. The block-adjustment rule identifies
point a in this Figure as the end of rate block 1. This point corresponds to
63% of sales. The actual curve for the Test—Case shows an intersection with
the boundary of rate block 1 at point b. This corresponds to 66% of sales. A
deviation of this kind means that Eq. (6) will under-predict revenue loss with
inverted rates and over-predict such losses with declining block rates.

The second term in AOPM is the marginal cost of production. Utilities
typically use complex computer simulations of system operations to calculate
marginal cost. The detail of such calculations can be substantial. A heuris-
tic representation of the marginal cost structure can help to identify the
magnitude of profitable conservation potential by defining the high cost
periods. Figure 2 represents one such representation. This 1s an annual load
duration curve (LDC) for Detroit Edison representing conditions in the 1latter
half of the 19807s. Using the results of a utility production cost analysis,
the area under the curve is filled from the bottom up in the order of increas-—
ing cost. This allows a rough estimate of which generating units are the mar-
ginal producers and what fraction of the time they play this role. To 1llus-
trate this procedure, let us focus on the Monroe generating station in Figure
2.

The Monroe station consists of four 750 MW coal burning units. These
units, which were base 1loaded in 1983, will become cycling units with the
addition of DE“s Fermi 2 nuclear station and the Belle River 1 and 2 coal
units. Figure 2 represents the fraction of time that a unit is marginal by
projecting to the time axis the load variation served by that unit. The load
variation 1s Just the vertical distance between the horizontal lines denoting
the unit”s energy output. The curvature of the LDC determines how much 1load
variation exists at any point. Figure 2 shows the Monroe station is the
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marginal producer 47% of the year. The next highest units, River Rouge and
Purchases, are also coal-fired units. Their costs are 10-15% greater than
Monroe”s. Only a small fraction of the load is met by oil and gas fired gen-
eration. The Figure 2 estimate is that such units are marginal less than 4%
of the year.

To evaluate marginal cost changes due to conservation using a representa-
tion such as Figure 2 requires certain approximation about the coincidence of
residential class and total system loads. If, for example, conservation load
changes were equal in all hours, then the average marginal cost represents
fuel savings. Where the load impact is more concentrated on the peak hours
then the higher cost resources are the relevant marginal units. In our case
study of Detroit Edison we found that appliance standards produced fuel sav-
ings approximating average marginal cost. An air-conditioning only standard
saves higher cost fuels. Because the residentfal peak (where such savings
occur) 1is not fully co-incident with DE”s system peak, we approximate fuel
savings by the cost of purchased power. This is above River Rouge Coal Cost
but below Pumped Storage cost. '

For marginal fixed costs we must translate load shape changes into capa-
city changes and then put a value on the unit of capacity. It is common to
use reliability measures such as the Loss of Load Probability (LOLP) to meas-
ure capaclty changes due to load changes. For Pacific Gas and Electric Com
pany, for example, we use monthly LOLP estimates and corresponding hourly dis-
tributions to identify the hours in which load reductions have capacity value.
We then use the price schedule P.G.&E. has developed to pay small power pro-
ducers for capacity as a valuatlon of load changes. This price schedule is
based on combustion turbine costs. Where a wutility has substantial excess
capacity, as in the case of Detroit Edison, avoided capacity costs are zero.

4.0 Overview of Test Utilities

Detroit Edison, Pacific Gas and Electric and Virginia Electric and Power
Company span a broad range of economic and regulatory parameters. The margi-
nal cost structures differ, rate designs vary and the supply/demand balance
are all different. Table 1 summarizes principal features of the costs, rates
and allocation formulas used for fixed costs.

Because DE has substantial reserve margins throughout our study period, we
do not expect.that any capacity savings will be associated with load reduction
programs. The operating margin term should be negative since DE has highly
inverted rates and coal~based marginal costs. .
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DE"s rate schedules are complex, involving a distinction between large and
small families as well as special tariffs for space heating, water heating and
senlor citizens. Forecasting sales by tariff class requires forecasts of the
number of customers on each tariff.

Pacific Gas and Electric (PG&E) represents a polar opposite case to DE.
Here the operating margin term can be expected to be zero. This is due to
regulatory practices which take the load forecasting risk out of utility earn-
-ings. The Electric Revenue Adjustment Mechanism (ERAM) automatically guaran-
‘tees earnings if there is a deviation from forecast loads. We estimate the
value of EARM by calculating changes 1in operating margin. These changes
should be negative, but less so than in the case of DE. PG&E has inverted
rates, but the inversion is less steep than DE. Marginal costs are olil and
gas based, therefore higher than DE"s. PG&E should realize capacity savings
from load reductions. We expect this term to show a sizable benefit.

VEPCO represents an intermediate case. VEPCO anticipates load growth so
there should be capacity value to 1load reductions. Because VEPCO"s rate
structure is relatively flat, there should not be disproportional revenue
losses which both DE and PG&E should experience. VEPCO”s marginal costs show
substantial ompeak/off-peak variation as well as aeasonal swings. A priori,
it 1s difficult to estimate the balance of positive and negative effects for
VEPCO,

5.0 RESULTS
5.1 Detroit Edison

Table 2 shows results for the Base Case and Appliance Standards Case for
DE. The column labelled "Loss" 1s the loss of operating margin in millions of
1984 dollars. This is the product of changes in operating margin and the
total loss of sales due to appliance standards. As anticipated the change in
operating margin is negative. Rates are always higher than avoided energy
costs. On the average DE loses 4-5¢/kwh (1984 dollars) from conservation.
Over time DE loses up to 5% of residential sales due to appliance standards.

These calculations assume a very simple model of rate-making. DE 1is
currently applying for a 3-year rate increase which would result in an extra
$1 billion revenue requirement by 1985. This rate proposal reflects the costs
associated with the new Belle River and Fermi 2 plants. Given DE”s substan-
tial reserves and the growing regulatory use of trended rate increases (see
ref, 7), we assume DE will only achieve this proposed real level of rates by
2000. All revenue estimates are based upon this assumed price trajectory.
Given that DE will make no substantial capital additions before 2000, this
simple model i1s plausible. In other cases we will use similar simple
representations.

We test the sensitivity of Table 2 by considering the case of an air-
conditioner only standard. Table 3 summarizes the results. Although these
results are a subset of the Table 2 data, they show a proportionally greater
negative 1mpact. Revenue losses associated with cooling are large since they
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come In the tail blocks of the inverted rate structure. Even though avoided
! costs are somewhat higher than in the case of Table 2, this does not offset
: larger revenue loss. '

One basic dynamic neglected in our approach is the eventual recognition of
the revenue losses we estimate. In practice, rates would eventually be re-
adjusted and future losses eliminated. It is difficult to estimate how long
. this process would take. For i1llustrative purposes we consider 4 year and 8
: year lags. To estimate the cumulative effects of losses estimated in Table 2
for DE we consider the present~value of losses discounted at the utility’s
real cost of capital. We use the real rate because Table 2 results are
alreagy in 1984 dollars. To bring 1988 values back to 1984 we discount by
(1+r)”, and so on. Table 4 presents these calculations for 4 and 8 year lags
at 4% and 8% real cost of capital.

Table 4
Present Value Loss for DE
Appliance Standarde Case
{(Millions)

4% 8%
1988-1991  33.0 25.6

1899-1995  87.7  62.3

5.2 Pacific Gas and Electric

The cost structure of P.G.&E. is considerably more complex than that of
Detroit Edison. P.G.&E. experiences large seasonal swings in hydropower avai-
lability. During the spring snowmelt non-oil and gas resources are the margi-
nal producers for substantial periods of time. The marginal cost structure of
P.G.&E. 1s best represented on a monthly basis with costs decomposed into the
oll and gas~based component and the non— oil and gas component. The relative
size of each component varies monthly. The monthly distribution varies with
the annual fraction of non-oil and gas resources on the margin. Figure 3
plots the monthly distribution of the non-oil and gas fraction for various
annual valued. As the annual non-oil and gas fraction increases, the effi-
clency (heat rate) of the oil and gas generation improves. Only the most
efficient wunits are called on to meet load. .This relationship is illustrated
in Figure 4. '

Using the relations indicated in Figures 3 and 4, the marginal cost struc~
ture for P.G.&E. is specified by the following variables: (1) a price trajec-
tory for oll and gas, (2) a price trajectory for non-oil and gas resources,
(3) a trajectory of the annual non~oil and gas fraction of marginal cost.
! P.G.&E. has made many estimates of these variables. They do not all agree
with one another. For our purposes we will rely principally on estimates
assoclated with P.G.&E"s proposal to rate base the Diable Canyon power plant
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(Reynolds, 1984). The main feature of the scenario described in that case 1is
a decline in the annual non-oil and gas component from over 302 of marginal
cost at present to about 5% by the late 19907s. We incorporate these bounds
and estimate a smooth trajectory between them. These assumptions for item (3)
as well as our assumptions for (1) and (2) are given in Table 5.

To estimate changes in EBIT we specify an appliance standards scenario
which 1s more strict than the corresponding scenario used for DE. This is
necessary because California already has appliance standards approximating
those which are under discussion by DOE. To measure 2 conservation case rela-
tive to current California conditions requires tighter standards. Table 6
summarizes changes in revenues and production costs for the base case and the
stricter standards case. Because P.G.&E. has many climate zones for rate pur-
poses, a large number of rate schedules must be examined to estimate revenue
and revenue changes. We focus on the four largest climate zones which account
for 85% of all residential sales. Even these involve 16 sales frequency dis-
trivutions; one for space heating, one for non-space heating in each zone and
a summer and winter differentiation for each schedule.

The calculation in Table 6 reflects impacts that would occur in the
absence of the California ERAM procedure. ERAM is designed to immunize util-
1ty earnings from the kind of demand-side changes we have estimated. There-
fore the loss revenues net of avoided fuel costs would automatically be
recovered by a rate increase and there would be no change in EBIT. In any
other regulatory environment (no other state has a ERAM) the utility would
suffer the earnings loss estimated in Table 6. We may think of these results
as an estimate of the value of ERAM.

Table 7 shows results for the capacity between the hours of noon and 8
p.m. impact of the standards. These are measured by looking at kW changes on
the peak day of the twelve highest summer load weeks, and averaging. These
hours are responsible for almost all the annual LOLP. Therefore reduced
demand at this time has capacity value. Comparing the peak demand reductions
in Table 7 with the energy reductions in Table 6 shows that the standards
selected are "baseload” in their impact. The "load factor" of the standards
ig about 90%. This can be calculated for the 1994 results as follows. The
capacity difference between the two cases is 48MW. At 100% load factor this
corresponds to 420 GWh. Table 6 shows 377 GWh. Therefore the appliance stan—
dards load factor is 377/420=89.8%.

Table 7 shows the value of these savings. This is based en an assumed 15
year duration of benefits. The 1988 value is derived starting with a $100/kW
annual value of capacity. This 1is discounted back to 1984 and presen-valued
at the utility cost od capital (12.5%). Subsequent year costs are escalated
at a 6% real rate. The cumulative present value of the capacity benefit is
$34.8 million 1984 dollars.

Table 8 sums the operating margin losses and capacity bemefits. As in the
DE case (Table 4) we exanmine 4 and 8 year lags and 4% and 8% real discount
rates. In 3 of 4 cases the operating margin losses dominate capacity bene~
fics. This result follows from the "baseload” nature of the standards case.
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If more attention were pald to air-conditioning efficiency these results would
change.

Table 8.
Operating Margin and Capacity Credit
P.G.&E.
Present Value Millions of 1984 §
4% 84
1988-91 (3.1) 5.4
1988-95 (54.5) (29.4)

6.0 Conclusions

In this paper we have presented a method for estimating the earnings
impact of exogenous conservation programs on electric utilities. The exercise
is difficult because sales changes must be estimated by rate schedules and
load shape changes asscciated with production cost changes. Results show sub-
stantial variations across the utilities studied. We anticipate further tests
of this wmethod. VEPCO is expected to be an intermediate case between DE and
P.G.&E.
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Table 1.
Detroit Edison VEECO Pacific Gas & Electric
Marginal Costs
Structure
Energy B5% Flat Summer & Winter Peaks| Large Monthly Variaticn
= Coal = 01l (Mostly 011)
Capacity Excess Capacity Load Growth end Load Growth, Few
In the Long Run Capacity Additiona Capacity Additiona
Rate Structure| Steeply Inverted Declining Block Steeply Inverted
Ratea in Winter Climate Zone Variations
Tier Size Varies " 8lightly Inverted
by Family Size in Summer Load Management Credita
Heat Pump and Heat Pump Rates
Controlled Water
Heating Rates
Embedded
Fixed Cost Average of 12 Average and Relative LOLP
Allocators Monthly Peaks Excess Demand
Table 2. *
DECO Appliance Standards Summary
; (1) (2) MH | W G| ® )] (8) (9)
! Base Base Rev. Production | A Total
; Sales (Millions AS AS A A Cost Cost Loss
I Year| (GWh)} 1984 dollars)} Sales| Rev.]| Sales| Rev. (19848/kWh) | (5)%(7)| (6)-(8)
1984 9566 702 9566 702 o] © 0.0265 0 0
1938 9335 766 9247 756 88 | 10 0.0312 3 7
1992 9568 864 9317 837 251 27 0.0368 10 17
19%96| 10013 983 - 9613 937| 400 46 0.0430 19 27
2000{ 10548 1121 10039 1058 509 64 0.0501 29 35

f = 1,12, an allowance for transmission loss.
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Table 3

s DECO Cooling Only

I Summary

- (1) (2) (3) (4) (5)

] Production A Total

| A A Cost Cost Loss

- Year| Sales | Rev [ (1984 $/kWh) | (5)%(7)*t [ (6)-(8)

B _ (1)x(3) (2)-(4)

n 1984 0 0 0.0307* 0 0
1988 16 2 0.0345 1 1
1992 33 4 0.0399 1.5 2.5
1996 45 6 0.0468 2 4
2000 42 6 0.0547 2 4

*
Production costs here are defined as costs of purchased power.
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Table 5.
P.G.&E. Marginal Cost Assumptions

Non 01l & Gas Geothermal Price 011 Prige
Year Fraction (1984 Mil1ls/kWh) (1984 3/10° Btu)
1986 .23 25,2 | 5.21
1988 .19 24.8 5.59
1990 .15 25,7 6.01
1992 «11 28.1 "6.63
¢ 1994 .07 30.0 7.21
i 1996 .03 36.4 7.82
| Table 6.
:- P.G.SE. Appliance Standards Operating Margin
i (1) (2) (3) 4) (5) (6) 7) (8) (9
Base Base Rev. Production | A Total
o Sales (Millions AS AS A A Cost Cost Loss
fé Year| (GWh)| 1984 dollars)| Sales{ Rev.]| Sales| Rev.| (1984§/kWh)| (5)*(7)| (6)-(8)
i *f
. 1986 | 20427 2155 20427| 2155 0 0
i ; '
ié 19881 20708 2195 20617 | 2182 91 13 .0485 5 8
! 1990| 21328 2268 21147 22441 181 24 .0533 11 13
19921 22081 2378 218034y 2336 278 42 .0601 19 23
1994 | 22833 2498 22456) 2451 377 47 0678 29 18

f= 1,12, allowance for line losses

Table 7.
Capacity Value for P.G.&E.

Year Base Av. Standards Av. A  Incremental $/KW Total

MW MW M $84

1988 2761 2749 12 - 12 600 7.2
1990 2845 2822 23 11 675 7.4
1992 2950 2914 36 13 760 9.9
1994 3049 3001 48 12 855 10.3
34. B
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