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ELECTR:C UTILITY FUEL CHO_CE BEHAVIOR
IN THE UNITED STATES

I. INTRODUCTION

Electricity accounts for approximately 25 percent of the nation's
‘annual energy consumption. While electricity can be otoduced in a wide
variety of ways (fossil fuels, nuclear power, hydro,’solar,'geothermal),
over 80 percent of it is produced'with fossil fuels today. As a-tesult,
the aggregate effects of public policies aimed at altering fossil fuel
consumption patterns io the United States depends on the nature of foesil'
fuel choice by the electric utility industry. Since many of the policies
put forward by energy policy makers will, through their effects on
fossil fuel ﬁrices;“affect'fuel -utilization indirectly, a good under-
standing of the responaiveneas of»electric utilities to changing fossil

fuel prices is of great importance. -

There have been numerous studies of the production characteristics of
the electric utility industry in the United States, virtually all of which
specify a differentiable ‘aggregate production function to describe the .
technology of electricity generation®. This specification seems to be
unwarranted a priori since electricity generation is mnot characterized by'a
continuum of capital-labor-fuel ratios. Rather it appears that a firm cah
" make use of a few discrete, fixed coefficient fuel burning technologies for
generating electricity. ' i
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- Techniques have'been developed for model Specification and estimation
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See Galatin [3] for a summary of the literature.




of deciaion—making processes where the decision~makex is faced with discrete
choices. One of these techniques - conditional logit analysis —- has

proved ugeful. in economettiq;applicatipnsﬂin_areas ranging from trans-

portation to revealed preferences for government hureaucraciesz. This ‘

paper attempts to depart from the traditional (differentiable aggregate IR
production function) specification of electricity production, using instead
conditional logit analysis. The fuel choice of an electric utility for

a8 new~fossii~fuel base load ateam—electric plant is analyzed to explicitly
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“Plant choice by electric utilities-is-intinately related to the cyclical
“character of electricity consumption. -As a result of time of day and

cseasonal variation of electricity loads.and the absence of easy storage, _
part of the utility 8 generating plant may be’ operated virtually continuously
*(base load), some-of it for-substantial fractions-of-the year- {cycling) and
-some of it only when_the load on the.system is at- it greatest (peaking).
-Base load plants normally have high const:uction costs and low operating

“ costs, while peaking planta have  low construction costs and high operating

s costs. The conditions determining the least cost combination of these

different types of plants are well known (see Turvey [12]) In order to

~avoid problems assoclated with lumping: together plants with vastly different
futilization rates as:well as dealing with-the problem of changing plant

.mixes resulting from fuel price changes (most peaking plants are gas turbines

“80 that once the decision to put a peaking plant is made, the fuel choice .

decision is met) we concentrate on the fuel choices associated with the

construction of base load plants exclusively. This.is obviously a simplication

. of the global optimization problem implied by the technology, but our discussion

Zwith the engineers who plan and build_such plants indicates that. this
_separation is 2 fairly accurate representation of the actual decision—making

process. "~ T TTTTTT T - ;
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“Nuclear power plants present another problem. They tend to have even higher
zcapital costs and much lower operating costs than_do base load fossil fuel
plants. In y and of. themselves they present no problem since the cost minimizing’
conditions can easily be adapted to handle them. However, separating the
nfossil. fuel plant decision from the:nuclear plant decision does not appear

.to be warranted. While our technique does not require us to make this sepa-
“ration (we could just use nuclear as an additional alternative) the nuclear

- plants installed so far have to some extent been experimental, have benefited
from large government .subsidies (both implicitly and explicitly) and have
substantially longer construction times than fossil fuel plants. " As a result,

- —manyof the nuclear plants that we observe today have not been added .. =~ ~: =
-based on the same considerations that determine fossil fuel choice. We, : .
therefore, concentrate on the period immediately preceeding the introduction
of nuclear plants when the base load alternatives included only fossil fuels,
and then, use our estimates to predict the effects of nuclear power availa—
bility based on expected cost estimates made in the late 1960‘s.
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take account of the discreteness of fuel burning techniques available
to the firm?. For this purpose a .,probability model of the conditional

logif form is specified and estimated using maximum likelihood techniques;

The paper proceeds in the follcwing way. The next section describes-

the model of fuel choice behavior hypothesized; section three discusses

the estimation of the values of characteristics which determine fuel choice;

the fourth section presents maximum likelihood estimates of the conditional
logit specificetion based on a sample of 1ndividual fuel cheiee decisions;
section five discusses the responsiveness of fuel choice to changing fuel
prices and the availability of a nuclear alternative for some representative
piagts in the United States; and a final section contains concluding reﬁarks.
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II. THE MODEL

The firm building a new fossil fuel.baseiloed ateee—electric pleot
-1g assumed to face a set of a maximum of seven alternative techniques for
' generating electricity. Each technique is associated with a different com-
bingtion of the three fossil fuel inputs: coal oil, natural gas . For
fixed output each technique has a vector of expected cost characteristics
x(x for the i th technique) upon which the firm's choice is based. The
firm s preferences regarding generating technique are deacribed by a decision

s index C of the following form
'(1) O cecw te@

wheree (x) are rendom disturbances with some-probability diatribction and
.’C(x) is non-stochastic. A decision—maker faced with the set of K alternatives
will choose alternative 1if: C(x ) + e(x ) < C(x )+ e(x ) for all j ¢ 1.

" The probability that he will do so 1s- thus. : C L

(2) P = Prob [CCx ) + e(x ) < C(x ) + €<xj)] ‘:r5£1a11_1 ¢ j:

E ce e - < - " fof ¢ .

.___= P_F‘_.’*.’...[ (xi) | e(xj) .C(xj) - é(xl_)_],:...‘:. for all 4 ¢ J‘
Let F(el, ceay sj) represent the cumulative joint distribution function

of the disturbances and let F denote the derivative of F with respect to '

the 1t th argument._ Then:

- The seven fuel burning techniques are: (1) coal; (2) oil; (3) gas; (4) coal-oil;
(5) coal-gas, (6) oil-gas, (7) coal-oil-
. as .
C can also be thought of as a cost function where the firm's goal is &
to minimize cost. Calling C a decisionindex is less restrictive since it
is not always clear that regulated electric utilities are cost minimizers,
and cost minimization is not required for this model (gee Averch and :
Johnson [1]). We exsmine below whether the estimated decision index is

consistent with cost minimization by these regulated firms.
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@3) » -_mfc B Igg +C(x)) -.C"(xi), .'..,>:'E?k”+'C(ng) - C(x,}] de

McFadden [2] has shown that if the decision ﬁrocess can be charac-

- terized as satisfying: 1) the independence of frrelevant alternatives;

,2) poaitiviﬁy; 3) irrelevance of alternative set effects or alternatiﬁgly
that the €(x) are distributed with the Weibull distribution, E~e " ,

then equation(B) can be rewritten as."i
P e-c(xi) o i AT
A T % e—Cijs
D : jnl A

which is the conditionai logit model. Thia conditional logit model can '
be estimated by maximum likelihood techniques yielding estimates with.
desirable large sample properties.*" '

‘Each alternative4has a get of expeéted cost characteristics:

‘”1, Fuel cost ($) per thousand kwh - FCOST

i . .
-2, Non—fuel production expenses ($) per thousand kwh = PRODEi 3
_3.. Annualized capital cost‘($)~per kilowatt of capacity = :f
* - X . o . 6 |
where FCOSTi, PRODEi, Ki are all in current price terms .

6 .
_We have expressed the annualized capital cost component in dollars per
kilowatt since it is in these units that capital costs of generating capacity
are usually discussed. We could easily have expressed this figure in terms
of kilowatt hours by recognizing that there are 8760 hours in a year and
‘(let's say) an 80% utilization factor. Capital cost per kwh would then
- simply be the cost figure that we use divided by 7008, Since we assume the

intended utilization factor for base load equipment is conatant across ~

firms, it is not necessary to perform the transformation for it would have

no effect on the estimated. probabilities. We have also experimented with
‘varying the utilization factor across firms and deriving the associated

capital cost per kwh. See footnote 30.
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Aséume that the decision indek C is linear in its cost charac~ _
teristics’. Then we nay write the probability that a firm will phdose»
to build a plant using technique (1) as: - o
. * ' * %
e-sl FCOST; + B, PRODE, + B4 K, L
5k o8y FCOST; + 8, PRODE; + 84 Kj* |
3=l :

NORE RE

it may be that there are “technique specific" attributes associated
with each of tﬁv,nlterdative techniques, Each 1ndividual technique may:
" have inherent characteristics Lhat arc unmeasurable. This can be handled
ﬁy including'dummy variables in the characteristic séi, where a tcchniﬁue
specific dummy for alternmative m equais.one'when j=moris=m in
equation (4), and zero otherwise. 'The decision ind-ex-can'r_:'éw be written

oL . : . . . : |
(5) Ci = Bl,F(.:q_STi-_‘- BZ P,ROD_Ei + 83 Ki-+ (%2 DWZ + a3 I?UM3 .....' +_oz7 D_Ulp

where DUM2 through DUM7 are technique specific duﬁmiés‘for‘alternatiées two
- through seven®. The model will be estimated witﬁla decision index of the

form of (5) above. .~ 7. .

— _ ) . — : ) - =

. If C is interpreted as a cost function, then linearity implies that each
technique's underlying production function is of the Leontief form: il.e.,
each technique is a fixed coefficient technology with no factor substitution
possible. The conditional logit model of this paper assumes that electric
utilities are faced with discrete fixed-coefficient fuel-burning techno-
logies; thus, C if it is interpreted as a cost function, should be of a
linear form. The linear C has therefore been preferred for estimation
purposes, although a decision index linear in the logs has been used for

model estimation and has been found to produce a less satisfactory pattern
of estimated coefficients. _ . » :

Note:  There can be no more than six dummies (one less than the total
possible alternative choices) because the sum of the probabilities .

must be unity. The obvious problem associated with taking this approach
. 1s that the inclusion of "technique specific" dummy variables in place
of an exhaustive specification of the characteristic set makes it very
difficult to forecast the effect of "abstract" alternatives having the
same characteristic set as the known alternatives. " Since one of the
major attractions of the conditional logit specification is the ability
to predict the effects of the introduction of new alternatives,this is
certainly a major drawback. One could assume that the abstract alter-
native did not have a technique specific effect or that it is the same
as one that has been estimated for a known alternative. Such assumptions
may not be satisfactory in many situations and as a result a complete
specification of the characteristic space should be sought.




III. ESTIMATION OF THE EXPECTED COST CHARACTERISTICS

The conditional logit model of electric utllity fuel choice is
estimated for 67 plants, each with over 200 megawatts of capacity, built
in the period 1952-1965. This period was chosen because: 1) it covers
a large part of the post-war era; 2) environmeutal restrictions which
appear to have strong non-cost oriented effects on fuel choice behavior
‘were not yet important; 3) nuclear pcwer had not yet become an

important base load alternative.

' Estimation of the conditional 1cgit model with a decision index
described by equation (6) requires data on the expected cost character-
istics - FCOST*, PRODE P K" - for all available techniques facing the
electric utility firm. However, the electric utilities only report cost
.characteristics of the generating technique that was actually chosen for
‘their new plant; no direct data on cost characteristics of non—chosen -

alternativea is available.

Thie problem of missing cost data is handled 1in the Iol]owinb way:
we view the expected cost characteriatice of a particular tcchnique which
. are in nominal terms, as composed of a technologically determined real
‘component multiplied by an expected price -- whether it be the cost of
fuel, construction, capital or labor. Estimates of the real and.eXpected
price components of cost characteristics can be obtained for all techuiques
facing the firm. These estimates can then be used to construct data for
the required FCOST PRODE , and K variables. The procedure followed in
this section to obtain these estimates is outlined in the table.below. _
For example, in each of the 67 plants in the sample, we derive an estimate
for each technique of the real quantity of fuel energy required per kilowatt-
hour of electricity generation. This 1s then multiplied by an cstimate of
the expected‘price of an energy unit of the particulat fuel used in each

*
technique to create the required FCOST wvariable.




ESTIMATION O EXPECTED COST CHARACTERISTICS

Real Component
)

Expected Price
2)

Expected Cost

) x (2)

FUEL

NON-FUEL-EXPENSES

ANNUAL CAPITAL
" COST

JHeat Rate - BTU/KWH
(HRATE)

Real Cost/MKWH

(PROD)

.Real Cost /KW

(XTOT)

Fuel Price-$/MBTU
*
(PF )

Price,Deflatqt

*
(PPROD )

Cost of Capital
* =
(K )

Expected Fuel Cost
C$/MKWH
*
- (FCOST )

" Expected Non-Fuel

Production Expenses
$/MKWH
~ *
(PRODE )

Ekpected Annual

. Cost of Capiﬁal

$/KW—*YEAR
)




THE REAL COST COMPONENT OF ALTERNATIVE TECHNIQUES OF
ELECTRICITY GENERATION :

The technologically determined real cost component can be estimated -

‘as follows. Deflated cost data from the sample steamselectric plant' s
~ second year of operation® is used in experiments with ordinary least
squares regression models describing average’ real cost characteristics of
different fuel—burning technologies.' Different functional forms — linear,
semi~log, double—log - and different variables —- plant size, building
type, utilization rate, etc. -~ are tested in order to produce equations
best describing real cost characteristics. These equations are then used
to create real cost estimates (assuming that the plant is to he used at
full capacity) of different fuel—burning techniques for. a plant with the’
same slze and building type as those of the sample plants.

We turn now to the regression equations that best deecribe the
technologically determined real components of fuel cost, non-fuel production

expenses and capital costs

9 o _ o
The second year of plant operation has been chosen because many bugs

are not eliminated until the second year making data from the first

year of operation unrepresentative of true expected costs, and while later
years of plant operation may be influenced by new technological
improvements not anticipated by the utility firm. A larger sample .

of 73 plants was used for evaluating cost components not involving
distributed lags. This sample includes the 67 plants used in the con-
ditional logit estimation plus 6 plants built in the 1950-1951 period. )
These six were not used in the conditional logit analysis because price .
data were not available for distributed lag estimation. ' ’

10 :
A discussion of the data used in these regressions will be found in
the Appendix. :
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FUEL COST:

The quantity-cf fuel energy required for the generation of electricity
is characterizied by the heat rate of the generatiné plant: the number of
BTU's of fuel energy necessary for generation of one kiluwatt-hour of
electricity. The desired FCOST .variabl: -~ the fuel cost per thousand
kilowatt-hours of electricity —— equals the heat rate multiplied by the
price per thousand BTU's of fuel.

A ‘heat rate equation was specified with the natural 1ogarithm of
the heat rate (LNHRATE) being a linear function of: 1) the natural log of
the plant utilization rate (LNFACTOR) — to take acccunt'of possible capacity ‘
utilization effects on productivity; 2) the natural log of the capecity of
the plant in ﬁegawetts (LNMW) -- to allow for'possible returns to scale;
3) a time trend variable (TIME = 1 for 1950, 2 for 1951, ‘etc,) that allows
for technological change over the. period and 4) six dummy variables for the

~ alternative fuel—burning techniques (02, D3, ooy D7)11’12 :

- The engineering literature iﬁdicates that chere should be some
scale economy effect for the heat rate, that there has been some technolo-
'gical improvement over time and that coal should have a lawer heat rate_-
than the other techniques, although the difference would be smalll®. Increased
capacity utilization might also result in a lower heat rate. We therefbre
expect the coefficients of the size time trend and plant factor variables
to be negative, and the coefficients of the dummy variables to be positiye.

11 '

D2 = 1 if the technique is oil burning; O otherwise.

D3 =1 if the technique is gas burning; 0 otherwise.

D4 =1 if the technique is coal-oil burning; O otherwise.

D5 = 1 if the technique is coal-gas burning; 0 otherwise.

D6 = 1 1if the technique is oil-gas burning; 0 otherwise.

D7 = 1 if the technique is coal-oil-gas burning; O otherwise.

If all the dummies = 0, then the technique is coal burning.

12 ‘ . . . .
The double log regression specification was superior to the simple linear
-and semi-log forms for this and all the following regressions describing
real costs. T-statistics were increased substantially with the double
log regressions.

18
See National Economic Research Associates [11].
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11
.Initial estimatea1 did not yield coefficients for the dummy variables _
 with uniform positive signs and none of them were etatistically significant,
while the plant factor coefficient was extremely small relative to its
standard error. The LNFACTOR and dummy variables were therefore dropped
" from the equation and the regression was reestimated with the following
regults: L S - B

R S

0] LNHRAIE ~ 9.8729 - .0989 LNMW - 008499 TIME
- (22.28)  (-1.30) . . (-1.16).
8?0698 Standard Error (SE) = .2736°
L degrees of freedom (d £.) = 70

"The figures in parentheses are (t—statistics) of the coefficients
The signs of the scale and time variables are as expected, yet
though the estimated coefficients are greater than their standard errors,
"they are not significant at the 5% level., These’ results indicate that-
: the heat rate of a new generating plant added during the period 1950-.
1965 was essentially constant, although there 18 some evidence of_smsli
. increasing returns to gscale and technological change.f.Although average
heat rates for electric utilities declined until about 1970 it appears
that most of the breakythroughs in boiler efficiency were made before
1950. The decline in average heat rates reflects the fact that the generator

. stock turns OVer slowly and is not indicative of continuous technological

change_in‘electricity generation from fossil fue;s, as has sometimes been

asserted,
1% - . S
LNHRATE = 10. 0737 ~ .0504 LNFACTOR - .0966 LNMW - .0093 TIME +
(13 64) (-.41) 7 (-1.18) . (-1.15)
-.0197_n2 + .0299 D3 + .0036 D4 - .0085 D5 - .0149 D6 - .0621 D7 .
(.16) - (.17) (.02)  (-.07)  (-.11) = (-.21)
. 2 Al .

R = 0749 SE = .2876 d.f. = 63

None of the alternative specific dummies has a coefficient greater
in absolute value than one-quarter of its standard error.

Recall a 73 plant sample is used to estimate this equation.h

- ~d
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NON-FUEL PRODUCTION EXPENSES

Non-fuel production expenses per thoucand kwh (for the second year
of plant operation) have been obtained in real terméefor each sample |
~ plant by deflating the plants' nominal production expenses by an electric

. utility labor cost deflator (see Appendix). " '

The natural lcg of the realrnon{fcel btoducticn expenses per thousand
kilowatt-hours (LNPROD) was assumed to be a linear function of the same
variables affecting heat rate: .LNFACTOR' LNMW, . TIME.and D2 through 7.
Increased utilization of a plant should lower production costs of a kilowatt—
hour of electricity, while productivity should increase over time as a re-
sult of technological progress and possibly a better trained workforce,
thus, the coefficients of LNFACTOR and TIME should have a negative sign. |
_ Increasing returns to scale are a much discussed aSpect of electricity

: generation, and if this is in fact true then the LNMW coefficient should be

significantly negative.

. The reéression resuits are the‘following',.a

(8) LNPROD = 4.3361 ~ .7787 LNFACTOR - 2265'Luﬁw - .0397 TDME -
' ' (5 38) | (-5 7). (-z 52) | (—4.46)

(-1.86)  (~2.39) (.88) o (.38) .(-3,441 '
R? =..5546 SE = .3167 d.f. = 63

_Considering the cross—-section nature of this regression, the reeults

" are excellent. The LNEACTOR, LNMW and TIME regression coefficients are all

significant at the one percent level and are of the expected sign. Produc- -

tivity increases of about four percent per annum are indicated and the’

- 2476 D2 - 4632 D3 + .2071 D4 4 .0525 D5 - .4813 D6 - .0019D7
| (-.01)

. evidence supporting increasing returns to scale is quite strong. Furthermore,’
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the dummy coefficients are invariant to scale effects18 and they show .
that techniques not using coal have lower production expenses; of these
the gas techniques hase lower costs than the oil techniques. The large
bulk of coal and the problem of its waste products give it the most costly
non-fuel production expenses.' 0il does not have the bulk of coal, yet

- still requires substantial handling. Natural gas, however,'which.can be
piped right into the plant, presents the least difficulties of handling
and waste disposal. 'These "stylized facts" are alliconsistent with our

regression results.

CAPITAL EXPENDITURES 3

The capital expenditures for the 63 plants have been deflated by
'utility construction price deflator (see Appendix) The natural logarithm
of the deflated capital expenditures (LNKTOT) was assumed to be a'linear
function of LNMW, TIME, D2 through D7 and two new dummies describing the
type of plant structure, SEMI-OD and OD17 Increasing returns and techno-
1ogical progress would indicate negative signs for the. LNMW and TIML
coefficients. The more outdoor the plant structure the cheaper it should
be to build; the. coefficients of SEMI-OD and oD should thus be negative
"with the 0D coefficient having larger absolute value.- .

_ The real capital expenditures may be heavily influenced by the
region in which the plant is built. Different climates require a different
structural plant design: a plant that will encounter heavy snowfall must

16 _ - ' o : -
The sample was split into plants 300 megawatts and under, and those over
300 megawatts. A "Chow" test could not reject the null hypothesis that’
the dummy coefficients were the same for plants in the different size
groupings. F(4,61) = 1.23,.while the critical F for rejection of H, at
the 5% level is 2.52. (only five techniques were used for plants
- 300 megawatts and under, so only four of the alx dummy coc[ficients

- could be tested for atability) : :
17 . . :
. SEMI-OD = 1 1f the structure is semi-outdoor; 0 otherwise.

OD = 1 if the structure is outdoor; O otherwise.
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‘have roofing at greater strength, while a plant lp a hurricane or tornado
‘prone area must be able to withstand high winds. Varying quantities »f
material and labor will be necessary for construction of a steam-electric
plant in different areas of the U.S. and this wil] be reflected in '
construction costs. To adjust for these effects @ LNKTOT regression was
also run with eight regional dummies 18, Regression results for both

_ specifications are'reported below: .

18 7 _ A B
NE = 1 1if the plant was built in the Northeast region'
. (Mass., Conn., R. I., Maine, N.H., Vermont)
.0 otherwise. .

1f the plant was built in the Middle Atlantic region

MA = 1
"(NY.,NJ., Pa)
‘0 . otherwise. :
ENC = 1 {if the plant was built in the East North Central region
' - (Ohio, Ind., Ill., Mich., Wisc. ) e .
0 otherwise._
WNC = 1 if the plant was built in the West North Central region
(Minn., Iowa, Mo., N. Dakota, S. Dakota, Neb., Kansas)
_.0,.otherwise. : : W ,
SA = llfif the plant was built in the South Atlantic region :
‘ (Del., Md., Wash D. C., W. Vva., N.C., S.C., Ga., Fla.,,Va.)
0 otherwise. T ‘ L
ESC = 1 if the plant was built in the East South Central region
‘ (Ky., Tenn., Ala., Miss.) ,
-0 otherwise. — o : e

WSC = ‘1 if the plant wasg built in the West South Central region
: (Ark., La., Okla., Texas)
0 otherwise.

ML = 1 if the plant was bu11t in the Mountain region.' o
(Montana, Idaho, Wyo., Colo., N. Mex., Arlz., Utah, Nevada)

If all the regional dummies = 0, then the plént was built
“1n the Pacific region (Washington, Oregon, Califormia),.




4
(9) LNKTOT = -3,6709 - .0656 LNMW ~ 0514 TIME - .1248 SEMI-OD
(-13.68) (-1.44)  (-10.94) - (-1.51)

.1780 0D ~ .1239 D2 - .0255 D3 + .0522 D4 |
2.9 (-1.58)  (-.23)  (.4d) S

R

+ .2395 D5 - .0990 D6 + .0464 D7 T
©(2.98)  (-1.30) (.29) I ' 'a;
B = .7902 . SE = .1582 d.f. = 62
(10) LNKTOT = -3.6243 - .0809 LNMH — .0481 TIME - ,izez SEMI-OD
- ' . 87) CL.79) (-10 02) i L3

.1828 oD - .0601 D2 -.3416 D3+ 0598 DG + .2293 05
| ,(—2 sz). (~.65) L 68) @ 53) (2.66)

.1540 D6 - .0165 D7 - 1160 NE + 0435 MA + .0335 ENC .
(—1 36) (—.10) (-.75) - (.80) - (.27)

_ | | L f'+.4o757 WNC - ,0997 SA + .0738 ESC + .3254 WSC - ,0054MT
o T39) (=88 - (5T (1.95) (-.03)
S R s SE = .146621 d.£. 4'54__' "
" - In both regressions the LNMW TIME, SEMI-OD and OD all ‘have expected
signs, while the SEMI-OD and OD coefficients are of the expected relative
. magnitude. Increasing returns are not as strong for plant capital expendi-
tures as for-production expenseé, and the LNMW coefficients are not even
significant at the five percent level in thé LNKTOT regresaions. There -
appears to be little galn from increased scale in the capital cost area19
Technological change in steam—electric plant construction is on the order

of five percent per year.

13 . : ST -

This is consistent with findings in the literature regarding plants

of the size and construction date we have chosen here. See for example
Huettner [5]. . ‘
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Problems of collinearity between the fuel and regional dummies’

make it difficult to determine the exact influence of the different fuel— ‘

burning techniques on construction costs. In both regressions the

' techniqﬁe dummy coefficients are unaffected by the size of the plamt??,
.and it seems that plants not burning coal are cheaper to build.' Plants
using coal require etorage yards that should make the capital costs of -
thegse plants higher. The regressions indicdte that multi-fuel coal plants
are more costly to build than single fuel plants, . especially plants of

the coal-gas varlety. : A

Since regional effects are expected to influence construction costs
and the pattern of coefficients of the regression with regional dummies _
~ seems sensible, this regression probably better reflects the differing
;construction costs of alternative fuel—burnlng techniques. Thus.equation

(10) 18 used to construct the Ki ‘variable for the eonditionel IOgit

estimates reported later.

20

reject the hypothesis that the dummy coefficients were the same for
plants over and under 300 megawatts. F(4,60) = 1.52 for the regressions
without regional dummies (critical F at 5% = 2.52) while F(4, 52) = 1,28
for regressions with regional dummies (critical F at 54 = 2. 55)

Tests similar to the "Chow" test described in footnote [16] could not S

O oo
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fRICE EXPECTATIONS AN) EXPECTED COST CHARACTERISTICS OF PLANT ALTERNATIVES:

Since'price data for the non-chogen alternéflves is not available
" from the electric utiiities, we will assume that expected prices for
different techniques are adequatedly described by'pzices~1nvthe sample
plant's state or region. Furfhermore, past prices influénce expectations
of future price, and thus expected prices for alternative techniques are
modeled as a distributed lag on past prices in that plant 8 state or

M )

region.
For each sample plant the expected fuel price used in calculating

FCOST for each technique i is'

i
2
(11) PF _
1 j-O j it j\-( o
"vhere . 5'-_‘ - '.-:‘4 . ; )
. PFi = exPected price per BTU of fuel used 1n technique 1.; _
| PFi Jtmi technique i's fuel price per BTU21 in the plant s
~ state in year t-j. B ‘ ' '
t= year when the elect;lé utility makes its decision
on fuel-burning technique for the sample plant.

©21 : . : , :
"-  The model presented in this paper does not determine the fuel mix

of a multi-fuel plant., The PF variable for multi~fuel techniques

is calculated using the sample™’ E. average fuel mix for the multi-
fuel plants corresponding to a particular fuel burning technique.

- In gas interruptible multi-fuel plants the average fuel mix in energy
units is 45.49% gas and 54.51% to alternative fuels. (In the coal-oil-
gas case it is 1% coal, 53.51% oil and 45.49% gas). The coal-oil mix
is 99.1% coal and .9% oil. . '
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Each plant s co:responding expected prices for conatructing PR.ODEi

and K1 are: o L . |
* % . .: - X . . T . '
0D = b, PPROD s . :
(12)A.PPR e ROD, _,

w - PK,
@) r =k °3 =]

.-‘

vhere
* - i ‘ )

PPROD- = expected price deflator for non—fuel production
_ - " expenses. S
.'l’l‘-R.ODt_:l = price deflator for non-fuel production expenses

© 1in the aample plant s region in year t-j
. :
.PK . ;expected user cost of units of plant capital
- PK_, = user cost of units of plant capital in the sample

plant region in year t-j

Eech sample plant s expected cost characteristiC*vafiables FCOSTi, -

: PRODEi, and Ki for each technique used in estimating the logit model can
now be written as the multiplication of the estimated technologically

The user cost of capital measure is of the'Ball—Jotgeoson [4] type.

BK . Poyy (g +8) [1- Semg "eg®eoffUeog%eoy Keoy]
te el . . .
o R Rl
o for. t—j < 1964 _ : :
éct-ﬁ = price deflator for plant construction in the sample
a plant's region in year t-j. .
r "a_.user cost of funds in year t-j.

- d -'_replacement_tate

ut-j ‘= - corporate income tax rate in year t-j.
‘ ktéﬂ = ‘ effective tax credit in year t-j.
it-j ™ present value of depreciation scheme in year t-j.

»The data used for construction of this vaxiable is
descrihed in the Appendix.
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determined real component and an expected pr:Lce. Therefore.

o bt el T e T T

= - e
(14) FCOST, = HRATE, x PF I a, HRATE, x PF b 4
B Sl 1 1 gm0 3 ;t.- 4=0 % FCOST,

-t -——— -

where

N 5 |
T rcosr - mw.rzi x mvi ¢4

o . HRATEi = egtimate of HEAT RATE from equation (7)
 (15) PRODE, = PROD, x PPROD = L -b,-PROD, X raon z b PRODE:]
] : ,.12 F S 30  Eainas Sl j j-O 3

vhere .- - ;:‘3%‘%%i';;F?;f:7 ::jl;ee; :ai:-;ze;e_zg;;g:;

l:’ROl)E'1 = PROD Dy 2 x P?ROD -3

- i CImeo il ;Ti:";;jie:;_

Ll PROD

:l: = estimate of deflated non-fuel pr.oduction expenses

Iu

A from equation (8)

. I P e e e e - . s .,,' - PR oA

R R e

- - 3 L
(16) Ki KTOTi:ePK jEO cj KTOT xPK j jEO cj Ki St

-}f TLlll LIl -_“”—N : i T

where "
- ) h o . o R
. o ___gi;_‘ KTOT xPK j L EER R

~ . ime e e < e e-,,“ . . -

= estimate of deflated capital expenditures from

BT TR e e s iy PO

T " = — equation (10) i

- -
; - - - e T T -
R - - -oe oI
————— .
- PR
= - - e,
- e - -
- PO -
. - Lz » -
- . :
-
PR s al o -~ .
- . T ~i T
s -
Ll <.




IV. CONDITIONAL LOGIT ESTIMATION 20 -

We now turnto the estimation of the conditional logit model. How-
‘ever, we should take note of one remaining problem with the fuel cost data;
the statewide gas prices available do not accuratel& reflect the true
opportunity cost of obtaining gas for a new steam-clectric plant. Gas is
‘not always available because of a lack of pipelines to supply the new
plant. Furthermore, gas companies consider consumers and industry their
primary market. They usually sell gas to electric utilities only_on a
residual basis: i.e., they supply the electric utility only when their
other customer's demands have-been-setistied.‘ Gas price data for electric
utilities tend to reflect the interrnptible nature of theseAcontracts.

Gas rationing as a result of F.P.C. price controls instituted in the

early 1960 s also is a faetor 23,

The peculiarities of the natural gas market cause two major problems .

for the conditional logit model estimation in this paper' 1) the observed
gas price understatee the market clearing price of natural ges§ there is
excess demand at observed prices and utilitiee probably can'tkéet all
tney would iike; If some measure of Qas evailability.were.available;

- then tnis could be incorporated into the conditional logit model, Unforf,‘
tunately, no such measure exists, 2) Netural gas is often sold to the
-electric utilities on an interruptible basis (ges is only.evaileble at the
times of the year when.there is low consumer end industriel demend)g‘ The
electric utility is thus forced to build a plant that burns some other fuel
besides gas, even though a gas-only steam-electric plant would be preferred.
The cost-oriented conditional logit model presented in this paper is not
designed to handle the modeling of this situation in any detail. '

A cost minimizing firm should not prefer one non—gas burning alter-
native technique to another on a basis other than costz“.- On a priori
© 23 '

See MacAvoy and Pindyck [7].
2% ' :

It is true that technique attributes besides the current and capital
expense characteristics included in our conditional logit model could
influence fuel choice decisions. Yet, in the period before 1965 the
pollutants of coal and oil burning techniques were not a major factor
in the choice of fuel,and other non-cost quantifiable attributes of
coal and oil burning techniques should only have a negligible effect
on the fuel choice decisions.

Ll e




grounds, tecanique specific dummies for non-gas alternatives -~ 0il and
coal-o0il -~ should not be included in the conditional logit model?®, Yet,
the inadequacies of the available gas price data requires estimation of
the conditional logit model with technique specific dummies for the four
gas-burning alternatives. These dummies (DUM-G, DUM-CG, DUM-0G, DUM~COG)
ghould correct somewhat for the unmeasurable effects influencing decisions
to choose gas-burning techniques, and will give some measure of the
availability situation in the natural gas market as well,

.kt et

The ccnditional logit model to be eatimated is therefore.

£

- - DUM-~
81 FCOST + BZ PRODE -+ B3Ki + a3DUM G + aSDUM CG + a6DUM 0G-+a7 UM~COG

(A7) P =—=
1 . ~ UM-CG +0, - - :
'q§1 ‘? Blrcosrq + BZPRODEq + §3Kq + Q. DUM-G + oLsD . DUM-0G +a7tun coG.

Pi is the. probability of choosing the i alternative when the
utility firmis faced with k possible alternatives k < 7%,

Substituting equations as), (15), and (16) into (17) gives us
the following logit model used for estimation- ‘ )

AT 2 e S -

i 1,
[ﬁl jz aj FCOST,~ + 62 jzo bj PRODEi 63 jzo cy K~ +

(18) p, = 2, M N
i k 3 ] T I,
i:leml 4E 0achos:r + 8, jZO bj PRODE + 83:1 Lo cj Ry ..
CqE : e

5 DUM—CG + a6 DUM—OG + a7 DUM—COG]

+_a3 DUM-G + &

.+ a31DUM-G + ds DUM~CG + % DUM-0G + a7 DUM-COG]

* Maximum likelihood methods can be used to estimate a conditional
logit model described by equation (18), aﬁd‘computer_programs are available

- 28

When oil and coal-oil technique specific dummies were included in.

the model, as expected, their coefficients were not significantly
different from zero.
- 26

When one fuel was not used for electricity generation in a state, all

alternative techniques using this fuel were not considered to be in

the choice set. The firm may thus be faced with less than seven possible
' alternatives for electricity generation.
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to estimate this model?7, There are problems of collinearity of the lagged
variables and the posaicle large number of lagged coefficients to be
estimated. These problemg can be avoided thiough use of the polynominal
distributed lag technique. The lag coeff:icients are assumed to lie on
an.nthdegree polynomia.. which allows the replacement of the lagged variables
by a smaller number of "scrambled" variables equal toﬁlinear combination

of the lagged variablesfa Estimation of the conditional logit model can

now proceed, and by unscrambling of the "scrambled" variacles; estimates

of the original lag coefficients can be obtained. Assymptotic standard -

errors can also easily be derived.,

We can test hypotheses concerning the maximum 1ikelihood estimates
of non-linear models -- conditional logit 1s a member of(thie class -~
by using likelihood ratio tests. If we wish to teet the null hypothesis
that certain constraints on the coefficients are valid, we compute the
maximized value of the likelihood function for the conetrained model (L )

and the unconstrained model (L7). '

- %
. A=L /L
and -2 log A is asymptotically distributed as Xz witﬁ‘q'degreee:cflffeedom,
. where q equals the number of constraints. The null hypothesis is rejected
for -2 log A greater than the appropriate critical value of the X" dis-

tribution. a - e Tee e ITLA L

The standard errors reported for conditional logit estimates are :
not exact in small samples; they are correct only aeymptotically. T~tests
can be performed on the coefficients of the conditicnal'lcgif"ﬁddeliﬁeing

‘the reported standard errors, though the’ significance ‘levels are onIy
accurate as the sample size goes to infinity. Asymptotically the T—test

“and likelihood ratio test are exactly equivalent.

27 - '

The program used to estimate this model was developed at Berkeley
:: by Daniel McFadden and his associates. Hal Varian was kind enough
25 to supply us with the coded deck

- - -——er . mama a e wvaa
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If the firm 18 4 cost minimizer a technique with lower costs should -
more likely be chosen by the utility decision maker. It is expected that
the coefficients of FCJST*, PRDDE* and Kf (Bl, 82, 83) will be negative
in the model describec by (17). Furthermore, since a more current price
should have a stronger effect on expectations of future prices — 1i.e.,
aj > 0 and a, > aj, it j <3 bj > 0 and bi > bj' if j < 3! and cj >0,

° > cj if § < ' — the coefficients on the lagged FCOST, PRODE and K

* variables in (18) (61 X 82 e B j) should be negative and decline in
absolute value as the lag increases.. The technique specific’ dummies for

~ gas-using alternatives should also heve negative signa.' Understatement
of the opportunity cost of natural gas by the available data makes gas-using
alternatives look more desirable than is actually the case; this must '

be compensated for by negative technique specific dummies on gas-using

alternatives.

. - One mnltisfuel gas technique should not be preferred to another
for non-coat reasons, thus the coefficients on multi-fuel gas techniquesl
should be equal. A substantial difference between the pure gas alter-
‘native specific dummy end the multi-fuel gas alternative specific dummies
may arise because negotiating a non-interruptible gas supply contract
with the natural gas companies may be extremely difficult. The probability
of choosing a pure gas alternative may thus be lower than a multi-fuel
. éas alternative when cost characteristics.derived from avajlable data
are similar. The pure gas alternative specific dummy might well be
more negative than the multi-fuel gas alternative specific dummiee as
a result,

Construction of the PRODEj and KJ variables 1s"such that there ia S
'not enough power in the data to enable us to accurately describe the 1ag .
structure of the PRODE and K variables. In fact there is no significant
igprovement in fit when lagged variables PRODEl, PRODEZ, ......-or Kl

K’ eeee are added to a conditional logit model estimated solely with
PRODE? and K° as the variables related to expected non-fuel production

expenses and annualized capital costs. In the conditional logit estimates
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reported below only PRODEO-and Kp are included in the conditional logit

model and thus the polynomial distributed lag formulation was not required
in estimation of the coefficients of these variablea. '

Experiments with different assumptions abour the year of the p]ant
fuel choice decision indicate that the best fits and most sensible
estimated lag patterns appear when it is assumed that the decision on A
fuel-burning technology is made two years before plant completion. This ;
corroborates nicely with engineers! estimates that plant fuel choice 1s
made when boiler construction begins, about two years’before plant com—~
pletion®%. (Recall that t in the distributed lag.cquatlona refers to the
number of years before actual operation that_thc fuel choice decision

~ is made). S

The best estimate of the conditional 1ogit model (18) .was. achieved

with a fuel choice decision made two years before plant completion, a
~ current FCOST variable and FCOST 1agged two periods, and the. coefficients

of the FCOST variables assumed to 1ie on a second degree polynomial with
.-an:end-point constraint (i.e., ay = 0). This appears as Model 1 in Table lf
N . Our initial eatimates of (18) reported as Model # 1 in'Taole 1 -

‘yielded significant estimates with the correct signs for ‘the coefficients
" of the expected fuel costs and expected non-fuel production expense
variables. The coefficient of the expected capital cost. variable was

not significantly different from zero at any reasonable’ significant level®® s

however.

29 -
" . This estimate was kindly supplied to us by Stone and Webster Appraisal

Corporation, Boston, Magsachusetts. : .

- 80

) Conditional 1ogit models have been estimated with other expected capital
cost variables which were constructed in one case from a LNKTOT re-
gression without regional dummies and in other cases from separate re-
gressions of the equipment and structures components of capital expend-
itures. The coefficients never enter significantly with the correct
negative sign and are usually of the wrong sign. Also experiments which
allow for planned use of plant at below full capacity using actual
second year plant utilization as an estimate of planned capacity :
utilization still produced an insignificant capital cost coefficient of
the wrong sign. Furthermore, the coefficient estimates were not par-
ticularly sensitive to different assumptions in computing the Hall-
Jorgenson cost of capital measure. -
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The inability to obtain a significant capital cost coefficient is
very troublesome. The problem may be statistical. Equation (10) shows
that the gas Surning technique tends to have lower capital costs than
the coal or oil burning techniques. Other thingsfbeing equal the gas
burning technique should be favored. At the sameétime, the oﬁsetved '
cost of natural gas is far below 1ts-opportunity costs, SO'that the
observed fuel prices would indicate more of a preference for gas than
‘can be realized in the market. The introduction’of’a dummy variable
for gas burning techniques to deal with this problem essentially conﬁocnds_
an “availability" phenomenon that works against gaé and a capital cost
.phenomenon that works in favor of gas, making it impoasible to identify
a capital cost coefficient. On the other hand, since firms are regulated
_public utilities, this result may also be evidence of Awerch-Johnson [1}
" type biases. In particular, the nature. of rate of return rcgulation may
-glve firms an incentive to choose a technique that has higher capital
costs relative to fuel and operating costs than would be indicated by
‘pure cost minimizing considerations. Finally, it_has_been suggested to -
_ us that at least during the period'of cur samﬁle firms emﬁloyed a rule ]
- of thumb, choosing the fuel with the lowest fuel and production costs'
without carefully considering capital cost differences. We have, therefore,
, drOpped the capital cost variable and reesgtimated the model without it.
.These results appear as model 2 in Table 1. o ] K .

_ The FCOST and PRODE coefficients'reported as model 2 in Table 1

have the correct signs and are highly significant; the asymptotic t- _
statistic on the PRODE® coefficient is almost four, ﬁhile the sum of the
‘coefficients of the FCOST variables is more than four times the asyﬁptotie-
,standard‘error. The coefficients of the FCOST variabies aléo follow the
a priori laé pattern; the absolute value of the FCOSTj.coefficient declines,
' as the lag increases. The technique specific dummies on gag-using alter-—
natives are all negative and are usually highly significant as expected.
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The availability problem of natural gas is certainly a major one®!, The -

coefficient of the gas technique dummy is significantly more negative

“than the coefficients of the other multi-fuel gas specific dummies,

~ reflecting the difficulty of obtaining non-interrvptiﬁle gas service

from the natural gas companies. Encouraging alsg is the similar order

of magnitude of the total fuel cost effect (8

1 12 O i = =4,8096) and'thg

“non-fuel production expense effect (32 0o = -8.5299). This indicates

- that the weighté in the decision index are similar as would be expected,

if the firm at least sought to minimize variable costs.

A further test of the conditional logit model is to apply the

a priori constraint on the equality of the coefficients of multi-fuel

gas technique dummies, The constrained conditional 1ogit model appears
as Model 3 in Table 1. The null hypothesis that this-constraint is -
valid cannot be rejected at the 5% level 32_’3"‘.11: is this modgl that is

considered appropriate for estimation purposes.

81

. natural gas was included in the conditional logit model. The coefficient

A duﬁmy that would allow for lower probabilities of choosing gaé-
alternatives after 1960 as a result of F.P.C. price controls on

estimate was insignificant and of the wrong sign. .The effect of F.P.C.

'gas price controls on electric utility choice of gas using alternatives

18 thus unclear.

32 : :
This is tested with a likelihood ratio test X (2) - l 406 while
the critical X~ at 5% is 5.992.
33
Note that use of a dummy for all gas using techniques (DUM-AG)

implies that the total gas-only technique specific effect equals o
the sum of the coefficient of DUM-AG and DUM-G = -9. 6472)
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V. RESPONSIVENESS OF CHOICE PROBABILITIES TO CHANGING FUEL PRICES
AND THE INTRODUCTION OF A NUCLEAR EOWER ALTERNATIVE :

We now use the conditional logit model that has been estimated to
‘examine two issues of current public policy concern. The first involves
the effects on electric utility fuel choice of changing fosail fuel prices.
- In particular, for five plantsa built in the last year of our sample we '
‘examine the sensitivity of the fuel choice probabilities to changing oil - ;
prices. Second, we examine the hypothetical effects of the easy avai- . :
lability of nuclear power on the choice probabilities of these sample -
_ plants based on expected cost estimates of noclear oOWEr'plants that i'_
were presented during. the late 1960's. We perform'this second ekerciee,
both to demonstrate the use of the conditional logit specification in
analyzing the effects of new alternatives,as well as to gee whether the - _
expected cost estimates of the 1960's are consiatent with the levels of .'i
nuclear power plant construction that we have in fact observed since ' ‘
~ that time, based on our estimated decision index._‘ ,..' | o o —A.HA;‘

Before proceeding, we ‘should point out one important feature and
‘ strength of the conditional logit model, This is the fact that the ,
speqification implies elasticities of probabilistic choice that are not :.':P

" constant and are also non-linear. _For example, when the expected fuel
costs are'approximately equal and‘the choice probabilities are close to
" one another, the price elasticities are fairly high. -On the other band
when one fuel is much cheaper than the others and this alternative has -
a high probability of being chosen, its own price elasticity will be
much lower as will its cross-price elasticity with respect to the other
fuels, '

In Table 2 we present calculations for the choice probabilities‘of
the five plants built during the last year of our sample'period (1965)
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and the elasticitiea of the choice probahilities with respect to expected
oil pricea Except for the Cape Kennedy plant, the alternative with the
vhighest choice probability coincides with the actial alternative that
was chogen ,. Overall, the actual alternative or'best multi-fuel
alternative is chosen by our model in 75% of the cases. Table 2 alsc
presents the elasticities with respect to oil prices. Note that the
Branch Harlee, Coffen and Marshall plants with high choice probabilities
for coal are not partieularly sensitive to changes in oil prices. In '
areas of the conntry with these kinds of fuel price characteristicsvwe
. would not expect changes in o1l prices to have much“of an effect on the
way electricity is generated. If we examine the New Boston plant,
' 3however, we gee that the choice probability of the oil technique’ (which
.is the actual technique) is very sensitive to changes in oil prices.
_ " We would expect that a moderate increase in oil prices would subatantially 1
' reduce the likelihood of choosing oil and increase. the likelihood of
: choosing coal in areas of the country with these fuel cost characteriatics.
In fact, after the recent increase in fuel oil prices many New England
’utilitiea have attempted to switch their planta from burning oil to

'burning coal and construction plans for the future call for coal rather
. than oil burning fossil fuel plants at the present time.

- —— - wee——

D

.. For each plant the elasticities with.reSpect to expected oil pricea
are calculated from the formula

E = Py EOPRICE
"4~ @ EOPRICE. P
where th | ' g .
E, = the elasticity of the 1° technique with respect to expected

oil price. .
P, = the probability of choosing technique {i.

EQOPRICE = expected oil price.
. | . ' y . . N 2
~ The expected oil price has been calculated under the assumption thatizoai =],
- The calculated values of the elasticities are not very senaitive to

a change in this assumption, so although the assumption is crude, our
elasticity estimates should be reasonably close to the true elasticities.
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_ In:Table 3 we present choice probabilities for these same five
plants, but under the assumption that nuclear power was available as a
base load alternative when these plants were first commissioned. We use"
the estimates of fuel and production costs for nuclear plants reported
by MacAvoy *% as expected for the period 1969-1972, We are essentially |
asking the nuestion: "faced with a nuclear power alternative having
these hypothesized expected cost characteristics, bow would the choice
probabilities.of the various alternatives be affected? " As can be
seen from the table, the nuclear power alternative dominates everything
else. If the firms really expected these low costs for nuclear.power_ _
‘virtually all new construction would have used this alternative. While
a substantial number of plants commissioned since the late 1960's have
been nuclear plants, the proportion has been far less than 100Z in most
regions'of the country ce. The utility firms apparently (and quite wisely)
did not believe that nuclear power would be quite as cheap as theae early
~optimistic estimates indicated and continued to build fossil fuel plants.
In some areas of the country, like New England, where fosail fuel prices

are very high, almost 100% of new base load capacity has been nuclear,

37
however “°,

*SSee MacAvoy [6] Appendix C. One of the interesting things about these
figures is that not only were nuclear fuel costs much lower than fossil
fuel costs, but the estimated construction costs were about the same
for nuclear'and fossil fuel capacity (which allows us to use model (3)).
~ Experience has indicated that while the estimates of the energy costs
of nuclear were not too bad, the estimates of construction costs were
far too low. The cost of a kilowatt of nuclear capacity today is
between 257 and 1007 more expensive than comparable fossil fuel capacity
(depending on the fuel burning technique).
119

See National Economic Research Associates [11], page 28, table 12.
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VI. CONCLUSIONS

We have attemnted here to analyze the fuel thoice behavior of
. electric utilities in the United States by giving explicit recognition
to the fact that the technology for generating electricity is character-
ized by a small number of discrete production techniques. . A particular
discrete choice model - the conditional logit model -~ has been chosen
as the basis for the analysis. We believe that this approach ‘has yielded
a number of interesting insights into the ‘nature of electricity generating
technology and fuel choice behavior by electric utilities. _ '

The analysis of the real cost and technological characteristics
indicated that boiler efficiencies (heat rates) have been essentially
- constsnt since 1950 and that improvements in boiler efficiency arising .
'from scale increases above 200 MW of capacity are at best miniscule.
- Secular improvements in average boiler efficiency observed for the
- electric utility industry eppear to be the result of the turnover in
" generator stocks rather than continuing technological improvement. In
‘addition, the heat rate is invariant to the particular fuel chosen. Real
production expenses on the other hand exhibit both productivity increases -—'
on the order of 4% per year -~ and scale economies. In addition, the
analysis indicated that non-fuel’ production expenses are highest for the
coal burning technique, and lowest for the gas burning technique. Finally,
the real capital -cost of generating plants exhibit virtually no scale
_economies, but technological change in steam plant production is on the
_order of 5% per year. Coal plants‘exhibit the highest construction costs. .

Desgpite complications resulting from problems in the natural gas
market, the conditional logit fuel choice model also performed fairly
well., Fuel cost and non-fuel production expense variables are highly

significant and have the proper signs. The model "chooses" the actual

—
Piatr—~4
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single fuel or heet'mnlti-fuel alternative in 757 of the‘cases.‘ The fact
that the observed prices for natural gas do not reflect the actual 4
Opportunity cost of natural gas supply leads to much less natural gas
being chosen than objective cost minimization would indicate. These
characteristics of the natural gas market forced us to use a technique
specific dummy variable for gas alternatives which made it difficult _

to statistically identify a coefficient for the capital cost variable.

We believe that more effort must be devoted to a more complete model of
‘natural gas allocation procedures to electric utilities. Needless to

say this is not a trivial task.

Ihe estimated conditional logit model was used to analyze the
effects of changing oil prices and the introduction of a hypothetical
" nuclear power alternative on the choice probabilities associated with
' _five specific plante that went into operation.in 1965' Thrce of these
plants faced very favorable expected coal prices and as a rcsult even
large reductions in oil prices would have only small effects on the
. probability of choosing coal as a fuel. Since many areas of the country
" face fuel price configurations similar to those for these plants,
changing oil prices are not likely to affect fuel choice behavior in

_any important way. This inaensitivity was not characteristic of the

plant located in New England where even relatively smell increases in

oil prices would substantially reduce the probability of chooaing oil

' aa a fuel for generating electricity. We would expect that recent in- '

creases in the price of oil will dramatically decrease the likelihoodh“ .

”
. - ———— e o - e — el - - - -

of choosing oil as an alternative for new plants in areas euch as "

New England.

e .

3 -

Finally, we obtained estimates of the expected costs'of nuclear':_

power —- an alternative that was essentially not in existence during

our sample period == to see how its availability would affect_the choice»

Wia... - N

— : ' -
- P i - -r,
JReRad o -

m

— - — B I S - e TTOTST - —— = . 5 z —
S e Tl A T2 N . oY T ST —— & me - RS SN




35

probabilities associated with the characteristics of‘fqééil fuel alter-~
natives faced for five representative plants. Based on these nuclear
cost expectations, the probability of choosing nuclear power approached
1002. Since except in New England and the MiddlefAtiantic states, new
base load steam plant construction has included substantial amounts of
fossil fuel capacity along with some nuclear, it appears that these
early opfimistic projections were (quité wisely) not taken too seriously.

‘All things considered, viewing the fuel choice behavior of electric
'utilities explicitly as a discrete choice problem has led to a number of

interesting insights into both the nature of the technology and the behavior.

.of electric utilities. We believe that this approach can be useful in
analyzing similar decision problems in other industries where a_continuuﬁ -
of decision possibilities is not.é reasonable characterization of the
choice alternatives. Hopefdlly‘éuch'analysis will lead to a set of
behavioral models which are both more pleasing discriptively and lead to

better predictions of the effects of a changingAeconomic qﬁvironment.‘
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APPENDIX

THE DATA

The data on production expenses and capital costs 6f seventy-
three plants was found in the F.P.C. publication Steam-Electric Plant

Construction Cost and Annual Production Expenses, annual supplements
from 1950-1966. Statewide fuel price data for electric utilities
was available in the Edison Electric Institute Statistical Yearbooks

from 1951-1966. The fuel-burning technique for each plant was’assumed
to be the technique used in the second year of plaﬁt operation.

Utility'ﬁon-fuel préduction expense deflators were constructed
“from a time series of electric company worker hourly earnings from
- the Bureau of Labor Statistics Employment and Earnings 1939-1972 and

fegional weights calculated from regional occupafional.wages for

electric systems wdrkers found in Table 2 of the U.S. Department of
Labor's Industry Wage Survey: Electrié and Gas Utilities; Oétober-
November 1967. ; SR R

Capital expenditure deflators were constructed from time series
in Handy-Whitman Associates' Index of Cogt Trends of Electric Light
and Power Construction and eity construction cost indexes for 1967
in Means Building Construction Cost Data 3279 Annual Edition, publishéd

by Robert Snow Means Co. Ind. - Construction Consultants and Publishers.
. . . - - . _' . ; - - -

The‘Hall-Jorgenson cost of capital measure was constructed from
the formula in footnote(zz) with the following data and assumptions.
The user cost of funds was assumed to be the Moody's weighted averages

on newly issued domestic bonds of light, power and gas companiea in that

a

year, found in Mbody's Public Utility Manual 1973. This assumption seems
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warranted from Modigliani and Miller's study [10] which found that the
cost of funds to the utility industry was indeed well approximated by
‘the interest rate on their long term bonds. The price deflator for
capital expenditures has been described above. Tne-replacement rate
has been calculated from the formula in Hall-Jorgemson [4]; d =2,5/L,
where L = lifetime of the plant., The lifetime of‘a'steam-electric plant
is agsumed to be 35 years, the figure used in the Draft Report January

10, 1974, an internal document of the National Energy Board, Canada,
Newfoundland Task Force on the Gulf-Island Project. The statutory tax
rate has been obtained from the Bischoff study [2], while the effective
tax credit in 1962 and 1963 for a steam-electric plant was assumed to
‘be around two percent which equals 3/7 (utilities were only given 3/7

of the tax credit appropriate for other industries) of the effective
tax credit used in Hall-Jorgenson mﬁltiplied_by 4/5 which is the per4. '
centage of a steam-eléctric plant cost devoted to equipmeﬁt and is

thus covered under the investment tax credit provisions of the Revenue

" Act of 1962, The present discounted §a1ue of depreciétiogrwas calculated
using the Hall-Jorgenson formulae and assumptions of the depreciation

scheme used. The allowable tax lifetime on steam-electric plants was

assumed to equal the allowable tax lifetime on structures found in Hall-

Jorgenson.
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