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DISCLAIMER
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U.5. Environmental Frotection Agency, and approved for publication. Approval
does not signify that the contents necessarily reflect the views and policies
of the U.S5. Environmental Protection Agency, nor does mention of trade names
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FOREWCRD

The Ohilo River Basin Energy Study (ORBES) is an interdigscipliniry, multi-
university inquiry into the envirormental, economic, and social impacts of
energy facility development in a major portion of the Ohio River Basin., The
study was initiated by the U.S, Environmental Protection Agency in 1976 in
response to a directive from the U.S5. Senate Appropriaticns Committee,

Most of the ORBES research was conducted by a group of faculty members
at the University of Illinois, Indiana University, the University of Kentucky,
the University of Louisville, The Ohio State University, the University of
Pittsburgh, Purdue University, and West Virginia University, 1In a few in-

stances, the necessary expertise was found at other univergities or independ-
ent research organizations.

This report is one of a series preduced in support of the overall ORBES
assegssment, Ffor a summary of the entire study, see Ohic River Basin Encrgy

Study (ORBES): Main Report, by the ORBES Core Team, also being published by
the U.S5. Environmental Protection Agency.
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ABGTRACT

This analysis was undertnken in support of the Chio River Eazin Tnerny
Study., It is intended to clarify the effect of economic incentives upon
private snd publle decisions affecting enersy productlon and use. It fo-
cuses upen the econcmlcs of coal and nuclear power generation, and upon the
economlicg of household space and water heating. The impact of tax Incentives
is Imoortant in each case, and the general vroblem of renewable versus con-
ventlonal energy use ls partlally addressed.

Southern Indlana 13 taken ms a representative ORBES area. A simulation
model of utility ecornomics relevant to power plant costs examines the con-
struction and operatinm nerlods of coal and nurlear plants. The malor
findings are:

1. The amortized, annual equivalent tax liability on revenue from new
. coal and nuclear plants 1s negative.

2. The timing cf tax credits and deductions promctes the premature con-
struction of new plantg and the premature vetirement of existiag
plants.

3. Because nuclear power 1s more capital intensive than ccal power, 1t

receives a tax subsidy nearly three times preater than coal genera-
tion.

L, For utility analysis of future generaling costs, coal puwer appears
to be slightly less costly to the utlility when costs are conven-
tionally expresged as after-tax, levellzea, annual costs over the
plant's operating life.

5. As an illustration: in 1983 dollars, the cost of nuclear power may
be 7.3 ¢/%Wh with a 3,7 #/kWh tax subaidy; conl generation may cost
6.3 ¢/kWh with a 1.3 ¢/kWh subaldy.

6. Higher general inflation and Iinterest rates will increase nuclear
cost more than coel cost, and increage the nuclear subsidy more than
the coal subsidy.

T. In the absence of corporate Income tax subsidies, utilities in the
ORBES reglion would find coal generation less costly tharn nuclear
power .

Southern Indiana is aleso the locus of the comparative analyses of home
space and water heating costs, Several possible future cases of real energy
price inflation, general inflation, and interest rates are examined for a
representative owner-occupied new home. The major conclusions amre:

1, Natural gas space and water heating is usually less costly than any
other alternative,

iv
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. Electric reslstance space and water heating 1s always the most expen-

8ive mode when costs are expressed on an mnnual basis.

Installation coatzs for electric resistance space and water heating
are less than those of othar systemsa,

Solar heating recelves considerable tox subsidy through the Indiana

property tax exemction and the Federal personal income trx interest
deductions and solar tax credit,

5. ¥ith real enerpgy price Inflation interacting with general inflation,
solar, wood, and heat pump syastems become less tostly than conven-
tional o1l heat and electric resgistonce shace and water heat.

If natural gas prices reach parity with oil on a Btu baszis in 5
yeara In an economic environment of high Inflation, interest rates,
and energy price growth, then a solar/gas space heatirg aystem 1is
the least costly.
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GECTION 1

ranmicTIon

This study cxplores n serment of the econaomic lncentives which infla-
ence energy production and use decisicns in the Ohio PRiver ZFasin, A nartien-
lar sub-region within the Chio River Dasin Enerry Study (09350) rerion is
used as a locus for analysis. The deciaion tn use a specific area is based
upon the avallabllity of apecific data, permittine bnoth analysts and review-
ers to examine these complex sublects in a aprecific settinz. Of course the
virtua of specificity in analysis and mesunntions carries n narallel defect:
reneralization te the entire ORRBES reglon 1s Aifficult without careful con-
zideration of the assumptlions, rmethods, and conecluslions of the analvsis.

sSouthern Indimna {3 used ag Lr2 renresentative area for several readgons:
(1) It is an area where conl and mu.clear power are helieved to be economi-
cnlly competitive; (2} I& Alaskan aatural gas 1s fdelivered to an Illinois
terminus. 1t will probab’y be available to southern Indianay (3) It wis nntl-
cipated that each of the rencwab.e residentinl enerry sourcea {seolar water
heating and wood space heatins) misht be competitive; and ()} Residential
electric heating has teea Increasing ropidlvy, FPhrasing these nolnts rmore
generally, we think socuthern Indiana shows the internction of all the ralor
econcric influences which affect utility decisionz on coal versus nuaclear
power and residential homeownera' decislons on space and water heatine.
Discussion with (ORBES Core Team members confirmed our oninion on these
points.

Two types of declsions are examined in the study. The firat decision
area 1s the electric utility cholce between coal and nuclear power, The
second decislon area is the homeowner's cholice of npace and water henting
gystema, A cormon dimension to both typnea of declslions L5 the tax svatem
and {ts {influence on ccmparative coats,

For electric utilities, nuclear power has been widely helieved to be
leas costly than coal power for electric utilities and their customera, We
examine a representative area in southern Indlana to determine if this widely
telieved vonclualon {s spnroprinte to current circumstances.

The means by which thia problem 1as addressed {3 a simulation by computer
of the economic aspects of hypotheticnl coal and nuclear power plants in the
gouthern Indiana area. The model for the nuclear plantl/ examines 110

17"31 is described more fully in Duane Chapman, "Huclear Economics: Taxation,
Fuel Cost, and Decommisaloning,’" prepared for the California Enerpy Commia-
sion. It is avallable from that Commisaion of from the author.

. Preceding page blank
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variables which have different annunl values over nart or all of & "-'i'-j.’r--xr
peviod of construction, operatien, snd decommisaioning. Fifty-five other
voriables have siogle values. The coal plant model is siy
these models are referred to ag SIMCON, an acroaym taken t'rom the words
"simulation by computer”.

wilar, Noeasfonalls

There are two methods of price determinatioc,. utilized in the analvais.

The {irst is o behavicoral tepresentation of normal resulctory policy. Feve-
nues ench year are the sum of fuel expense, operatine cost, tax nllo g
and return to capital. As rate base derreciates, return to carnltal declines,

and this partially offsets rvising fuel and operating costs.

The secend method of price determination is analorour to the concepi of
"levelized" cost. A vrice is found which, if Inflated eack yenr at a reneral
inflation rate, would exactly pay all costs, tiaxes, and the allowed reotirn
to capital.

An Integral part of this model is its examlnation of the tax e“fects of
a new plant on the economica of the utility, Toth Indiana and Federal rrovi-
sions are examined. The most sienificant elements of Income tax treatment
relate to the investment tnx credit, the allowance for funds used Adurlne con-
struction, interest deluctions, accelerated derreciation, and arbitrary short
tax lives, In the Apnendix, these provisiona are surmarized as tgery nffect
utility economics.

The analvsis here finds that these vrovisions have a ecrucial influence
cn the conl/nuclear choice, that they have consideratble impact unon customer
costa, and that they inTiueace the timing of new plant construction and old
riant retirement. Inerensing Inflation and interest rates morni{fy the tnax
ef'fecta Iin ench case.

The homeowner's choice of mode of gspace and wnter heatineg for a new homne
is complex. Of course all enersy prices are rising, and at unpredictable
rates, Utility rate structures are heing revised to ellmlnate promotionnl
discounts for high quantity consumption.

The system with lowest inatallation cost may not be the system with
least total annual cost.

We address the problem by examining all {(or nearly all) of the economic
factors affecting annunl coats. There are initial costs and annual nmortence
payments, maintenance expense, fuel cost and performance efficiency, Indiann
and Federal personal income tax deduetions, the Federal sclar energy tax
credit, and property and snles taxes.

Conveaticnal systems considered are cil, natural gas, electric resis-
tance, and electric heat pump. Renewable resource systems studled are wood
burnineg and solar space and water heating,

In the ORBES area studled, growth in electric heatlnrm cuntomera ig ex-
ceeding total cuastomer growth. This inecreases the sigalficance of examining
both initial and annual system cost, and the tax subsldles influencing each
aystem.

2
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The comparabllity of personal and corpornte tax incentives i= limited.
In the narrow context of this analysis, these two kinds of tex subsidies are
compared to determine their Iimpact upon custormer cost and total cost.

This latter concept of total cost approaches the meaning of social cost.
then caleulating tax subsidies, we look at part of the "nidden" cost of an
energy system. To the extent that the subsidy analysisz 1s comprehenaiwve and
accurate, subsldies -- in combination with actunl customer cost -- indicate
the costs of particular energy systems for the national economy.
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GECTION 2

UTILITY COST: COAL AND HUCLEAR POUFR

In 1976, the ORBES repgion had 93,000 Mie of rmeneratiam capaclty., Two
vercent of this capacity was nuclear power, and 3387 was coal capacitv. !How-
ever, according to the OREES Inventory of utility plans for additionnl canpan-
city, nuclear pover werndd constitute 97 of a 120,000 MWe total eapacity in
168F. Coal would te 737 of the total. frawth in nuclear power meneration,

then, equals 20% of the utilities' planncd growth in resion capncityl.

To a considerable desgree, growth in nuclear power haa been predicated
uron the avpparent economic advantage to the utility which 1s believed to re-
sult from nuclear power ceneration, Table 1 shows two industry cost esti-
mates, one before and one after the Three Mile Island (T“I) accident,

Brandfon's analysis is post-TMI. liis cost basis 1s levelized cost
during the operatins period with overall inflation assumed to be &7 per vear.
In other words, he concludes that, if 8,94 were charred for each k'Wh sold
during 1990-2020, then all costs would be met with no excess profit,

The Rossin-Rieck paper eppeared several months hefore TMI, and is on a
different basis, It 1s in constant 1977 dollars. This means that anv over-
all inflation rate applied to 3.5 ¢/kWh in 1977 dollars would exactly mect
all costs.

Rogsin-Rieck concludes coal power 1s 207 mere expensive, while Brand-
fon's post-TMI analysis finds nuclear power with a 1£7 marrin,

Jon-industry analysts have concluded that the nuclear margin is legr, or
non-existent., Charles Komanoff and Ronald Knecht are two such ennlvsts:—.
However, Table 1 gives a pood representation of indusiry analysis and its
finding that nuclear power ia less costly.

1/ Steven D. Jansen, "Electrical Generating Unit Inventory 1976-1506," pre-
ﬁared for ORBES, liovember, 1978, wp. 5, T. This report presents a compre-
hensive inventory of utility capacity plans in the reglon.

2/ Charles Komanoff, "A Comnarison of Nuclear and Coal Costs,” Testimony, New
Jersey Board of Public Utilities, October 9, 19T8; Ronnld L. Kneeht, "Power
Generating Economies and Planning," Wiseonsin Public Jervice Commission,
December 28, 1978,
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TABLE 1. RECENT COAL AND NUCLEAR POWER COGT ESTIMATES
INDUSTRY SOURCES

{¢/kdmn)
Mathor(s): W.Y. Srandfon A.D. Possin and T.A. Rieck
Affiliation: Sarcent % Landy Enrineers, Commonvealth Bdizon Dommany
Atomle Industrial Forum American MNuclear Toclety

Date of pub.: July 12, 1979 Aurust 18, 1470
Cost basis: levelized ccst, 12G0-2020 levelized cost, 1977 dollars
Huclear Generaticn (#/kWh)

0, M, I, D 0.6 N2

Fuel 2.5 0.7

Capital Charges 5.8 1L

Total 8.9 3.9
Coal Generation (¢/kWnh)

0, M 1.2 0.5

Fuel 5.0 1.3

Capital Charges b1 2.0

Total 10.3 Lo

Hote: O, M, I, D represent, respectively, operations, maintenance, insurance,
and decommissioning cost.

Both analyses conclude high sulfur coal with scrubbers is the least
costly coal/oll alternative which meets alr standarda, and this is the hasis
for both coal estimates., Sources are William W. Drandfon, "Comparative Costs
of Coal and Nuclear Electricity Generatlon," Qversiegnt llearinms on fuclear
Economlcs, Hearings, U.S. House Interlor Committee, Subcommittee on Enermv
E.h‘d*-t._l’;-—ﬁnvironment, July 12. 1379; A.D. Rosgin and T.A. Rieck, "Feconomics o®
Nuclear Power," Science, vol. 201, 18 August 1978, pp. 582-509.

5
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TABLT 2. ASSUMPTLIONS IN CORNELL COMPARATIVZ

COST ANT TAX SUB3IDY ANALYSIS

1. Capital structure for new plants (Refs. 5, 6, T)

50% debt at 9.5% intercst

L0% commen stock ecuity at 14,77 after-tax return

107 preferred stock eguity at 9.5% after-tax return

2. Construction period
Wuclear pawer: 10 yearsg/

Conl power: 5 yenrs (Ref., 7, p. 10)

(W]

. Cavacity, electricnl
Tuclear plant: 1,000 Mle

Coal plant: 650 e

L. capacity factor

Nuclear nlant: rises, stabilizes, and declines.
{(rRef, 2, pp. 29-30)

Coal plant: 607 (Ref. &)

5, Overatine life
Huclear plant: 30 vears {(Refs. 1, 2)
Coal plant: 35 vears (Ref. b, p. 81)

€. Fuel cost

Averape ig 27

Huclear olant: 0.8 ¢/kWh in 1974, 4in 1978 dollars (see text and Tahle 3)
Ccal plant: 31.06/%Btu in 1978 in 1978 dollars (Ref. T, p. 34), and

10,600 Btu/kWhb

T. Operations, maintenance, insurance, and administration cost
Nuclear plant: $40 million in 1978, in 1978 dollars {(Ref., 2, p. 31)
Coal plant: 6.45 mills/kWh in 1978, in 1978 dollars {Ret. 6)

8, Capital cost

Nuclear plant: $1,047/kW in 1978, 4in 1978 dollars {Ref. 2, p. 19)
Coal plant, incl. scrubber: $700/kW in 1978, in 1978 dollars (Ref. 6)

{continued}
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9. Inflaticn and escalation

Hlote: Gpeclfiec escalation equals the product of overanll inflatisn an
real ianflation. E.r.. Tor nuclear inveatment, (1.7 701, R e
General: T3, from 1570 throuzn the entire perlod

T/
Yuclear investment: /,5% re=al inflation, 1977 thr -

Coal investment: 1.9% real inflaticn, 1977 throur

- o/
Huclear fuel: egalvalent Lo 0,50 real Anflation, U il
4
Coal fuel: 2.%7% real inflation, 1779 onward -
Muclenr 0% eoulvalent to -7.37 real (nflatfinn after 1070
i/

Coal 0&%M: -1.5% real {nflaticn after 1975

10, State and federal taxationi/
Federal corporate income tax rate: WAS
Indisna corperate income tax rate: 373
Indiana gross receipts tax: 1.57 in 1773, declinine .0%7 snnuallw

Indiana property tax: 17

a/ Wilfrid Comtols, "Power Plant Constructlon Schedules, liscnlation, and
Interest During Constructlon,” presented at the American Power Conference,
April 21, 1976,

The construction perilod 13 not intended to five the full lensth of the
planning and approval process, but to represent the perlod In which sifnifi-
cant expenditures are experlenced.

b/ Sugrested by utility analysts at Ohio River Basin Enerpy Study Meetine,
Lexington, Kentucky, Octcber 5, 1979.

¢/ A year sgo, a 7% general inflation assumption wns cormon. However,
twelve-month infiation in the Consumer Price Index 1s currently an annual
11.5%, and inflation In the Gross Hational Product implicit price deflator
is an annual 8.6%. Both appear to be rising.

d/ California Fnersy Commisalon analysls shows nuclear plant costs increased
209 per year, 197:-TG. A 143 escalation 1s 2/3 of thls. (See also Ref. 2,
p. 19.) The product of general inflation (7%) and real inflatien (5.5%) de-
fines actual escalation (14%), It is of interest to note that no new planta
have been ordered for use in the United States since 1976,

{continued)
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Tootnotes, Table 2 (continusd)

e/ In Ronald Knecht, "Review and Critique of faliforaia Electricity Ge

ticn Methods Apseasment Final Report,” CEC, 1977, Knecht concluded that a 97

eacalaticon rate was appropriats for coal plarts., This is probably lower then
actual experience In the past two years. Escalation (1.79) = overall infla-
tizn (1L.07) * real 4inflation {1.017).

/ This inflation assumption for nuclecr fuel is reasonable in terms of the

past year where there has been little overall increase. In the early 179703,
escalation in U3fg coat was spectacular, avernsine 233 per year from 1973 to
12377, ilowever, the actual market price has fallen from %19.7%/1b on 1/1/77

to 513.05/1b on 1/1/79. Sce text and Table 3.

7/ Actual inflatioa for PS5I has been 157 annually {Ref. T, pp. 3b-135). VYe
acsume 2/3 of this, or 105 annually. The real inflation rate 1g 2.87,
(I.e., 1.028 ® 1,070 = 1,100.)

h/ See Ref. 2, p. 31.

1

i/ See Kaecht, "Review and Critique,"” op. cit,

3/ See our note for the 5 October 1979 ORBLS meetine, "Federal Income Tax
Provisions Affecting luclear Power." It 13 included as Appendix A to thia
repert. Differenceg tetween Indiana and IRS reegulations and between coal and
nuclear power are noted there.

References, Table 2

1. ¥.8. Cady and A.C. Hui, "HNUFUEL - A Computer Code for Calculating the
Nuclear Fuel Cycle Cost of a Light Water Reactor,” Cornell University,
August, 1978.

2, ™mane Chanman, "Nuelear Economics: Taxatlon, Fuel Cost, and Decommis-
sloning,"” draft final report submitted to the California Energy Commission
(CEC), October 29, 1979 (revised),

3. Ronald Knecht, "Testimony on Power Cenerating Economics and Planning,"
Wisconsin Public Service Commissicon, ZHorthern Gtates Power Company Applica-
tion for Tyrone Nuclear 'nit, December 23, 1978,

4, Ron Knecht, et &l., "Comrarntive Coat Analysis {Pevised)," SHummorting
Document Yo, 9, Californla Enersy Commiassion, Sovring, 1978.

5. Ben Koebel, Chief Accountant, Indiana Public Service Commiasion, letter
to Kathleen Cole, Aurust 29, 1979.

6. James H. Pennington, Vice Fresident - Flranclal Operatlons, Public Service
Indiana, letter to Duane Chapman, September 10, 1979,

7. Public Service Indiana, Annual Report.
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TABLE 3, WUCLEAR FUEL CYCLE ASSUMITIONT

Rral Bouilitrium lLead {+) or
el cyele Price inflation annunl g {=Y vpears
activity _mid-1979 _rate  quantities = “rom first use
uranium ora $43.60/1b U308 13 56,133 1b U308 +3
conversion 20 L1/ke U oF 173,300 ke U +3
enrichment 389 .02/kp SWU 1% 115,127 ke S 42
fabrication $100,00/ke Uf o 27,143 ko @) +1
spent fuel 216.00/ke U 17 27,143 ke U -3
transuortation
waste dlspcsal $250.00/kg U 0% 27,143 kg U -3

Note: The inflation rates Iin this table interact with the overall Inflation
rate as in Table 2. The product ¢f general overall inflation end real infla-
tion defines the apecific rate. For example, for uranium vre, 1.07*1.01 =
1.08. The specific rates are commonly referred to as escalation rates.
Waste fuel diasposal is the sublect of specific analysis in 2 later section.
General sources of Information are the U,5. Energy Inforation Administra-
tion's Monthly Energy Review, and its Annual Report to Conpress, and Cady
and Hul, "NUFUEL™,
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Takles 2 nnd 3 show the basic azgumptlions employed by us in our examina-
tion of corts in southern Indiana.

Table 2 glves cost, finance, and cperatine assunptions for conl and
nuclear power. The reference numbers (l.e., Refs, 1-5) refer to the publi-
cations listed after the footnotes to Table 2,

Huclear fuel cost 13 particularly difficult to recresent in the format
utilized in Table 2, The value of 0.8 ¢/kWh (item €, Tahle 2) 1s derived
from the essumptions given in Table 3, The BIMCON model includes a repre-
sentation of threc methods of fuel cost calculatrion. These three methods are
{1) actunl current cash expenditures, (2) batch amortization for net lncrme
purpoges, in which expected disposal coats ere recornized as each hatch of
fucl is used, and {3) bateh amortization for tax purposes, which amortizes
acquisition cost as each batch is used in each year, but charres disposal
cysts as incurred. The 0.8 &/kWh value 18 based upon actual cash expendi-
tures during eguilivrium operaticnsl.

Annual Egulvalent Cost

48 described in the Introduction, we calculate smanerating costs in twn
ways. The first approach defines g cornstant real price, This constant renl
price 1a escalated at the coverall inflation rale. The second approach de-
finea a price patiern based upon conventional repulatory methods, Here,
price i3 determined by rate base, return to capltal, and fuel and operating
costs.

Both methods are used in Flpures 1 and 2 for the representative conl and
nuclear plants.

The consetant real price curve is similarly shaped for the nuclear and
coal facilities, For cach, price Ilncremses T5 per yenr.

lfowever, the rate base method glves different patterns for coal and
nuirlear power. For coal, the curve 1s concave throuthout. Fuel cost is =
large and growing comporient of total cost. In 1984 (the first year of the
coal plant), fuel cost is 407 of total allowed cost. In the succeeding
years, fuel cost escalstes at 10% annually, while rate base deterioration
eauses return to capital to decline. As a consequence, by 2019 fuel cost has
become 92% of total ellowed coat.

In contrast, nuclear power 1s more capital Intensive. Fuel cost {3 a
lower fraction of total allowed coat in every wvear. In addition, nuclear
fuel cost is presumed to escalnte at 7.8% annually, less than coal escala-
tion. As a consequence, rising fuel cost is offset by falling return to the
iy"§g€7ﬁﬁﬁﬁan. "Nuclear Economics,” pp. 23-209. The three fuel cost accoun-
ting methods are described there. However, the data in Tables 2 and 3 are
gspecific to this study. Fuel 2ycle operationsg are in equllibrium for those
yeara in which the smount of new fuel loaded in the reactor is fully uti-
i4zezd. For a 30-year operating life with annunl refueling, this definition
of the equilibrium period covers years 3-28,

10
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declining rate base for much of the gperating pericd for the puclenr plant.
In the last few years (e.p., 20LC-2017), this pattern changes hecause fuel
cost and actual tex lieblllty grov sienificantly. The last fuec beteh la

charged to the last year, and the seccond-to-last batch is charped fe the last

twve yeara.

Table L4 summuarizes the results of the real cost method applied to both
plants. Cosl and nuclesar power are very similar in eatimated real cost in
1988 dollars for the utility. Nuclear cost 1s 7.3 #/kWh, and ceal cost is
6.3 ¢/kWn. These values are with present tax provisiens. They may be de-
flated and compared to the Roasin-Fleck 1577 valuea in Table 1. In 1977

dollars, nuelear power cost weuld be 3.5 ¢/%XWh, which lz, surnrisinely, iden-

tical to the Roszsin-Rieck estimate, The coal eatimate from Table b of 1,3
¢/xWwh {in 19°%83 dollars) would be 3.0 #/kWh in 1977 dollars. This 1s consi-
derably below Rosain-Rleck's 4.2 ¢/kWh estimate, The major causes for this
difference in coal generation may be hlgher fuel cost and tex llability
assumptions for Rosain-Rieckl!

However, 1t 13 clear that our analygls does not support the coneclusmion
that, for a utlility, nuclear pover ls less costly than coal power in cur
study of a representative OREES aren.

TABLE b, CONSTANT REAL COST AND TAX SURSIDIFS FOR
REPRESENTATIVE NUCLEAR AND COAL PLANTS
{all econcmic values in 1938 dollars}

Kuclear Ceal
Plant Plant

Conventional after-tax cost to i

utility, present tnx subsidies 7.3 ¢/kvWh 6.3 ¢/xWn
Cost to utility with no

tax subsidy 11.0 ¢/kWm 7.6 ¢/xWn
Tax subsidy 3.7 4/kWn 1.3 ¢/kWn
Average generation for 1,000 MWe of

capacity, billion kWh/y 5.435 5.260
Approximate annual tax subsidy for

1,000 MWe capacity $201 million $63 million

I/ Rossin-Rieck asaumed coal cost at $1.20 per million Biu (MBtu) in 1977
dollara, or $1.28 in 1978 dollara, 22¢/MBtu nbove our Table 2 assumption,

13
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Tax aubsidlag

As A result of our earlier analysis of tax subslidies and nuclenr rower
in Califorais, we learned that nuclear power receives a malor tex subsldv on
the order of 3200 million per yﬂnri. In the ORBES study, we wish to inow to
whnat extent comparative cests of coal and nuclear power are influenced by tax
gubnidies,

To define a corporate income tox structure without tax subsidien, we
agsume revisicns ian major provisions affecting deductions and credlts, e
make these specific assumptions: 2
{1) Interest payment deductions are eliminated. This causes the treatment of
debt payments to be ldentical to the treatment of payments L0 common and pre-
ferred stock holders. Both are liable to taxation.

(2) Tone investment tax credit 1is eliminated.

{3) Method of depreclation for tax purposes 1s made ldentical to depreciation
for net income purposes. Normal stralght line depreciation fs used,

(L) Tex lives are made identical to dapreclaticn periods used in net frcome
caleulation. Conseguently, nuclear power Investment 1s deprecimted over 30
years and coal plant investment 1s depreciated over 35 years.

(5) AFUDC allowances {n the construction period are trented aa net income,
but are not taxed as earned. Income flowins from AFUDC Increments to rate
base 1s taxed as recelved durlng the operation period. For ATUDC, then, the
subsldy and nen-subsldy treatment i{s uniform.

The SIMCON model is used araln to eatimate the ezonomics of nuclear and
coal nower without Federal and Indlana corporate tax subsidieg. The results
appear in the second row In Table 4, Huclear cost 1s now 11.0 ¢/kWh, while
coal cost Is 7.6 ¢/KWn.

An important conclusicn followa. Within our present corporate income
tax structure, nuclear power cost 1a slipghtly hisher than or comparahle to
coal-generated electricity (e.7., Table 1; Table L, row 1). However, when
tax subsidies are excluded, nuclear power appenors to be conslderabhly more
expencive (Table 4, row 2). The subsidy recelved by nuclear power is nlmost
threefold greater than the subsidy received by coal power (Tatle L, row 3).

The explanation of the cause of the magnitude ¢f this difference in tnx
subsidies appears to lie in the difference in capltal intensity for the two
processes., In 1988 dollars, the representative nuclear plant hns a rate base
investment of $3,238 per k¥ at the beginning of operation in 1988, The conl
plant has a rate base investment of 31,354 per k¥ in 1988 dollnrs at the he-
pinning of its operation in 1084,

It would appear that, at the present time, nuclear power growth in the
ORBES region ia predicated upon a majlor differentiation in tax subsldies re-
celived by ccal and nuclear power, or upon different assumptions with respect
to economic parameters, or hoth.

17 Huclear Economies,”" pp. 52-53.
2/ Recnll that corporate income tax provisions affectins power generation are
degseribed in the Appendix.
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Timing of Taxation and Tnocome

it van anticipated that the timice of net income, tax liability, nnd
funds rlow would create particular Iincentives for uwvility planning. Figures
3 and b show theme accounts for the representative ORAETE nuclear and eoal
rlants located in southern Indiapa, In this discussion the rate-basze pricing
algorithm is used in the BIMOON model. This provides a representation of
ctual regulatory hehavior={

In Fipgure b4, note that net cash earned 1s less than $20 milliop annually
for the last 11 years of operating the coal plant. During this perled, reve-
nue requirerenta rise from 3500 millicn per year in 200% to_31.9 billion iIn
2018, It appears that there is little financlal incentlve to operate the
hypothetical coal plant dur!neg ths last third of its operating 1ife. Tha
after-tax net income curve ia similar, being less than 510 million annually
during the ?003-2018 perlod. In fact, net cash income is nemative in 2016~
2018, and net lncome itself 1s negative in the last year,

However, tax liability 1s high during these last years, and is declining
from $#256 million in 2008 to 517 million in 2018,

In contrast, the conatructlon period and the first years of operation
show quite & different pattern. Tax liability ls negative In the construc-
tion period and the first two operating years, and remalins telow 55 million
until 1989,

After-tax profit actually reachea 1ts highest level during the construc-
tion period, being above 350 million in 1952 and 1983. Het cash income is
negative during the conatruction pericd. It is £45 milli»n durir- the first
operating year, and rises to $5T7 million in the sixth operating venr before
beginning to decline.

The pattern deacribed here is equally appropriate for nuclear and coal
plants, It ariaea from the interaction of resulatory, tax, and net income
accounting. Regulatory pollcy pglves a constant return to capital on a nor-
mally depreciating rate baze. Consequently, annual return to capital de=-
clines in parallel to the normally depreclating rate base.

Tax policy will give the lowest after-tax cost to utilities and thelir
customers 1f credits, exclusions, and deductions are claimed at the =arliest
possible dates. As a result, no depreciation deductions will bLe avalliable in
the last years of a plant's life.

¥et income and net cash flowa follow from the repgulatory and tax poli-
cles, and are very low or negative {n the last years of a plant's life,

The overall result is the creation of a financlal incentive for prema-
ture construction of new plants and premature retirement of old plants.

57 It {a surprising to see that overall liability is comparable with both
pricing methods. The LT-year annual equivalent tax liability for the nuc. ear
plant with the theoretical real cost method i3 ~$8 million per year. The
rate-base pricing method has an annual equivalent tax liability of -35 mil-
lion.

15

PDF compliments of www.earthtrack.net



PRag=J\
. 0202 0102 0G0z Q&G o8&l
be o 4 81 21 0t 21 |, 80 90 ¢0 20 , &€ S5 b6 25 | 88 98 v8 28 , 82
3 T . T h] _ T T T i T 1 T h u T T T T u 1
_ll| T -lmrh SHTEA OF ala SHTZA O F
ONINDIS SN NAT 2T SNOILYNIgD P Tnortonuisno? _
(£7E01-) - oo¢
i "_ (e B6G-) A
/: , Fo
, [ Fo :
..// [ i ! ! ]
N / m i \ -1 002~
///.\ __\:\N\ m24 yson .__ “
i Fd .
M '\ i -] oot-
: . YL 7
Ayiprqo A |
¥ 1
Vi i O -

. -1 001

) WOl A
/f/. _ 18N X0 19y J DON

~. | 4

/./ . i

o \ 4

v 4
- oo¢

. . . (S4DHOP wol W) MO 4

HSYD ONw "ALINEYIT Xyl "JWOINI L3N XVv1-4314V :43M0d dY3TONN '€ FHN9t4

s T T PR, S e i

PDF compliments of www.earthtrack.net



o102 o0Ge Ces1 0861
8 91 &L _Zi{ | B0 90 0 I | B6 96 8 26 | BE 98 b8 28 | B
F T " T { T 1 1 T H T 1 T T ._ I 1 T i _. kD
T . SMT3IA SE wlg SHYIA G
b SNOILYHILO J:zo_Z:Emzmm._

\ﬂ

{2L91-)

Ajijigmy apy éf

awoduy JaN
MO0 4 yE0D T~ x| I8y

(S4DjIOp oI |Tw )
MOT4 HSTD OGNV ‘AL1T118717 Xvl “IWOINI LIN Xvl-4313V "¥43IMOd Tv0d b F¥NI4

PDF compliments of www.earthtrack.net



I'ne assumptions with respect to peneral inflation and interest rates

which we used in the precedior discussicon are typical of muech current work.
o 4 1

An overall inflation rate of T3 i3 typicalld and the 2.5% interest rate for

atilities wag applicable to Public Service of Indiana.

However, the economlc situnticn din late 1979 15 guite different from
that of the recent paat. Prime commercial lending rates have exceeded 1L7,
and new wtility tonds heve yvielded between 11 1/2% and 123, A
inflaticon in the Consumer Price Index has hesn at annual rates between A 1727
and 9 1/7% in the past three qurrters.

t the pame time,

Although utility bond rates of 12T are historically very hich. they de-
fine a renl Interest rate which 13 currently zero or nepative with respect to
the Consumer Price Index.

Similerly, home mortgage rates have Increased rapidly.

Fipure 5 provides perspective on this problem. The era betwesn the
Korean and Vieinamese wars (roughly 1952-1965) had a basic price stability.
Woge and price controls brought a brief return to price stability (1070-T2}.
However, this price stability ended with the cessation of controls and the
energy price Increases which begor in 1973,

Since, as noted, ccal and nuclear power differ in capital intensity, we
are concerned about the impact of hirsher inflation and Interest rates on the
real cost of geaermflon. To examine this impact, we= evaluate the represen-
tative coal and nuclenr power plants through the STMCON medel. Each interest
rate and return to capital is increased by adding 9%. Overall inflation 1is
increased by 53, from 7% to 12%. Each cost factor experiences an inflation
equal to the product of general inflation and real Inflatlon for that factor.
(E.z., from Table 3, uranium ore price increases bty 13.17 per year, the re-
sult of 1.12 ® 1,10 = 1.131.) These new assumptions are sumarized in Table
5, Part A.

The effect ¢f higher inflaticn and returns to capltal are summarized in
Table 5, Part B. After-tax costs for coal and nuclear power each inerease by
one-half, The margin favoring cosl power 1s in percentage terms essentielly
unchanged. The overell tax liability remalns negatlve for both the coal and
ruclear plants.

The cost to utilities without tax subsidles 13 again calculated, and ia
shown in Table 5, Part B, row 2. The tex subgsidy for nuclear power more than

doubles, from 3.7 ¢/¥Wh {Table L) to 7.8 ¢/kWh (Table 5). The coal subsidy
rises less, from 1.3 ¢/kWh to 2.0 ¢/kWh.

1/ General inflation assumptions were 7% in Knecht's work (1978); Brandfon

{1979) assumed 8% in 1979, 7% for 1980-84, and 6% for 1985 and thereafter.
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We conclude that, if the high inflation and interest rates of late 1970
become charrcteristie of the future, then (1) coal power will slipghtly in-
crease its marpin over nuclenr power with respeect to utility after-tax cost,
and (2) the tax subsidy enjoyed by nuclenr power will increase.

On this latter point, we note that with low infletion and Interest as-
sumpticons, the nuelear tax subsidy equals 507 of utility cost (Table L),

With high infletion and {nterest assumpitions {Table 5), the nuclear tox sub-
sidy equals T70% ef utility cost.

TABLE 3., HIGH INFLATION, INTEREST, AND RETURY TO CAPITAL

Part A. Baslec Firancial Assumrtions

Low inflation High inflation
Overall inflation T 12%
Interest rate 9.5% 14,5%
Return to preferred equity 9.5% 14,53
Return to common eauity 1h. 73 19.7%
AFUDC rate 9.5% 1h.5%

Part B. Impact of High Inflation nnd Interest Rates, ;988 Prices

duclear plant Coal plant

Present subsidies, after-tax

cost to utility 11.1 ¢/kWh 9.3 ¢/kWh
Cost to utility with no subsidies 18.9 ¢/kWh 11.3 ¢/kWh
Tax subsidy 7.8 ¢/kWn 2.0 ¢/kWn
Average generation for 1,000 Mie

capacity, billion kWh/y 5.435 5.260
Aprroximate annual tax subsidy $L2h million $105 million

20
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SECTICH 3

SPACE AND WATER HEATIHNG COST

The last section analyzed the compnrative costs of nuclear and coal
power generatlon,

It examined the impact of corrporate and state income tax poliev on util-

ity economlcs, and explored the sisnificance of much hirhor interest and in-
flation rates.

This section investipgates comparative home heatinm costs for space and
water,

Space heating 1s causally connected with conl use by means of electric
heating. Each Btu of conl-generated electric energy utilized in residential
heatineg will require at least 3.7 Btu of direct coal energylf Thia 1s in-
herent in the technology, a consequence of steam generation of electricity
and losses in transmission and distribution. If the energy requirement of
coal mining and transportation and of utility, mine, and rall system con-
struction could be estimated, total energy per Btu utilized in home heating
may approach 5:1.

It is therefore of considerable interest to the NRBES investiration to
determine to what extent electric heating will be developed in the reglon.
A typical home utiliziyg electric heating may require 30,600 xWh of electri-
city for this purposeg. In the area studied, growth in electric heating ex-
ceeds growth in the total number of customers3/ The current residential
average use 1s 10,50C kWh per customer, 2C% above the 1973 average., If elec-
tric heating continues to grow, it will create considerable new demand for
electrieity, and for coal or nuclear energy to generate that electricity.

Assumptions

Our analysis of comparative costs ig based Iin part on the assumptions in
Tables & and 7. Purchase cost in Table 6 is the estimated variation in new
1/ Assume 337 efficlency in generation, 10% transmission loes to home, and
10% energy loss_in the home.

2/ Assuming 9% MBtu annual heating requirement. See Tadble 7.
3/ PSI Annual Report, op. cit,

21
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home cost associated with the cholee of heating syatem, It 13 immediately
apparent that a builder installing electric realstance heatins has the lowest
installation cost,

Actual performance indicates the expected lifetime efficlency In pro-
viding heat energy. For the oil, paz, electric reslatance, and wood systems,
the performance ratlo is, simply, the ratio of heat energy delivered into the
home to energy contained within the fuel. A .5 performance ratio for wood
means 2 Biu of energy in the wood are required for each Btu of heat eneriy
in the home,

For the heat pump, the perfornance ratio gives the amouni of heat enerry
transferred into the home for eac-. Btu of electrical energy used by the heat
pump. For example, utilizing 3,4%1%.8 Btu (one kWh) in the heat pump trans-
fers 6,143 Btu of enecrgy from the outzide into home heat.

Performance for a sclar system means the proportion of annual heat
energy (or water heat energy) which the system can supply. We assume a sclar
system can supply 60% of the needed space heat, and that a solar heot water
system can supply T0Z of the energy required for water heatlinre.

sajor differences exist Iln end-ugse efficiencles for oil, gas, resis-
tance, and wcod heat. Wood burning 1a least effieclent In deriving energy,
converting only S0% of the en=rgy in wood intc space heat ensrgy.

All energy prices are given in cuatomary units and in dellars per mil-
lion Btu (3/¥Btu). A price of 3100 per cord of wood assumes a cut and de-
livered price, makinz its price similer in definition to that of other energy
formg. Note that electricity price i1s highest on a Btu baslia. Ilatural ges
is lowest, followed by wood.

The last row of Table €, Part A, expresses energy conversion factors.
For example, one gallon of fuel oil has .lhl million Btu.

Part 3 in the Table shows additional assumptions for water heating.
Again, purchase cost is lowest for a conventional electric hot water heater,
and highest for a solar unit.

Performance efficiencies in hot water units are assumed to be identical
to those in space heating, except for the solar system,

A solar hot water system operates 12 months a year, and ls operating
during the summer period of maximum solar insolation. We agsume the soclar
hot water system delivers TOZ of the annual energy requirement. This =ight
be visuelized as 95% delivery in the summer, 45% in the winter, and TC% in
the spring and fall,

Solar back-up systems are full gscale for both space ond water heating.
No attempt is made to evaluate the alternatives with respect to conve-

nience or impact upon asscciated activities. As examples of polnts not con=-
sidered with respect to wood burning: (1) consequences of system failure in
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TABLE 6. HEATING SYSTEM ASSUMPTINGS

Part A. GCpace Heating

Flectric systems

Fuel type Fuel oil Natural Reslstance Heat Solar Wood
mas Dump
Purchase coat $7200 22500 31800 35500 0200 23900
Performance T 8 .9 1.8 NS .5
Unit price 89.9 ¢/gal  31.698/MCF 3.91 4.xWn ~—=  3100/cord
{1979 %)
Energy price £6.376 31.672 311.L6 — 4 LY

(1979 $/MBtu)

MBtu/unit 0,141 1.016 .0031428 — 22,52

Part B, Water Heating

Fuel o0il Natural gas Electric resistance Solar

Purchase cost $48s5 $350 4250 $2800

Performance .7 .8 .9 T
23
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wvinter on rlumbine or fa1ily mestera, (2) provahility of accidents, {3) wood
availability,

Another example of excluded consideratlons arlses with reapect to elec-
tric hent pumpa. Heat pumps are least efficient when they are mogt needed,
In very cold weather, when space heat enerpy ia in preatest demand, the heat
punp is at its minimum afficiency in extrecting heat From the cutside envi-
ronment. Conseguently, peak demand {(measured in ¥W) increase~a more ranidly
than enerry demand {measured in %¥Wh) in cold weather. As with the wood svye-
tem, no sttempt {s made to consider {1} syzstem fallure, here includines the
utility, {2) prabebility of accidents for either coal or nuclear power, and
(3) availadpilityr,

The comparison, then, is solely cconomle, and examines custcoer costs
and taox subsidies.

Other masumptions which are generally applicable to all asystema aj.pear in
Table T, We are considering n representative 1%00 square foot housme in
southern Indimnm, It requires 94 Mitu space heating enersy and 21.5 MAtu
vater heating energyl.

These are not conservative waluca, We would not be surnrised to find
future new homes with one-half these enerey requirements. OSuch homes would
make extensive use of enerpy conservation practices and passive solar heatins.
However, these values of 94 MEtu space heating and 21.5 MBtu water heating
are representative of current planning,

The family income i3 assumed to be $25,000 and the marminal tax rates are
.28 for the Federal personal income tax and .02 for the Indimna personal in-
come tax. The sgolar syatem qualifies for the Federal solar tax credit which
i3 30% of the first 32000 and 20% of the next 33000 of purchase cost.

The property tax rate is 12.8397% on asgeased valuation, and nssessed
value is about 26,5% of market vnlue. Consequently, the property tax rate
is assumed to be 3.4% on original coast. The solar system is exempt,

The Indiena State sales tax rate is L% on fuel purchases.
Maintenance exvense is assumed to be 2% of purchase coat for each avatem.

However, for the b:i?-up gource Iin the =olar system, maintenance expense is
1% of purchase costZ

1/ With 5659 degree days in southern Indiana, 1500 wquare feei, and an aver=
age energy requirement of 11 Btu per degrse day per square foot, the result
is 94 MBtu per year, The hot water requirement of 21.5 MBtu is equivalent to
the original energy requirement to heat 86 gallona per day from LL°F to 130°F,
This latter calculation excludes energy for temperature maintenance. Sfee
Williem D. Schultze et al,, "The Economics of Solar Home Heating,”" Print,
Joint Economie Committee, U.5, Congress, 95th Cong., lest Sess., March 13,
1977; and U.S, Energy Research and Development Administration, "An Analysis
of Solar Water and Space Heating," loveuber, 1976.

%/ Recall that, compared to a normal oystem, 8 back-up system will he used

0% as much for space heating, and 307 as much for water heating.
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TABLE 7. GENERAL ASSUMPTIOHS FOR SPACE AND WATER HEATING SYSTEMS

Life of sysatema 2N years

Discount/interest rate 9,53 or 14,50

Amortization factor L1135 or .155h4

Annual maintenance expense, % of purchase cosat 23

Property tax rate, conventional wnd wood L0k

Property tax rate, solar o]

Asaumed income level $25,000

State personal {ncome tax marginal rate .02

Federal percsonal income tax marginal rate .28

Sales tax rate on fuel and wond 5

General inflation rote 7% or 120

Heating degree days 50699

Annual space heating requirement 9L M3ty

Annual water heating reguirement 21.5 Matu

Real inflation, oll and electricity % or 3.5%

Real inflation, natural gas price 0%, 31.5%, or oil

price parity, S yrs.

Real inflation, wood price 0%, 1.75%, or 3.5%
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As sugeested by the discussion in the previous section, interest ratos
of 9.5% and 1L,5% are examined.

All systema are assumed to have A 20~year 1life without galvape wvalue.

General inflation i3, ms in the preceding secticn, assuned to take place
at ratea of either 7% or 12%. General inflation affects malntenance expense,
fuel cost, and sales tax on fuel.

Real inflation in oil ~nd electricity energy prices is examined in two
dimensions., Firat, real inflaticn i3 assumed in some rases studied to be
zerc -- energy prices grow at rates exaetly egual to general inflation.
Second, real inflatlon is agsumed in other casea to lead to a doublins in
real energy prices in 20 years, This doubling requires a real inflation rate
of 3.5% annuallyl/

Real inflation in natural gas price includes the assumptions for oll and
electricity: cases with 0% or 3.5% real inflation interacting with general
inflatiocn. However, natural gas also 1a examined wilth a third oprice assump-
tion. Whatever the oil price on a Btu baals, natursl grs ie assumed to reach
the pame Btu price in 5 years, and from that point on oll and natural gas
have the same Btu price and rrow at the same rate.

Real inflation in wood prices has three alternative assumptlons: zero,
one-half the 3.5% rate, and 3.5%. The 1.75% rate might apply if improved
forestry management and lower costs Iin wood Tuel preparation caused wood fuel
price to rise less rapidly than oll, natural gra, or electricity prices.

It should be understood that aven the lowest Inflation asusumption ralses
nominal prices considerably. A 7% meneral inflation raises oll prices from
89.9¢/zallon to $3.48/gallon in 20 years. A high genernl inflation (12%)
linked with a real inflation of 3,5% raiszes the oil price to 317.20.

In the diacusaion which follows, we shall attempt to devermine what con-
sistent patterns may be observed amidst these widely varying assumptions.

Annual Equivalent Cost

Given the assumptions described abtove, there are 108 possible cases
based upon varylng assumptions in interest rate, general Inflation, and real
enerzy price inflation rates, Several can be dismissed as 1llogical, First,
ve note that an overall inflatlon rate exceeding the Interest rate defines a
20-year period in which credit institutions lend at negative real interest.
We exclude the cases with 14% inflation and 9.5% interest. Second, the
closely parallel paths of inflation and interest, and the general difference
of 3%-5% indicate that a 7.5% differesnce has not exlsted previously and 1is
unlikely to in the future. We exclude the cases with 14.,5% interest and

;/ Recall from the previous section that a real inflation rate interacts with
an overall rate: 1,035%1.12 = 1,159 means a nominal inflation of 15.9% in
fuel, Then, (1.159)%820 ¥ 2#(1,12)%%2p,
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geaeral inflation of 7% and 7%. Finally, we suppose that Infiation in real
energy pricea ias a major factor in overall inflation. Conseznuently, the only
cases reported for the 14.5% interest rate have overall inflatiap at 177 and
resl energy price inflatlon,

As a result of this logie, we focus upon 6 cases.

The structure of the analysis 13 indicated by Tatle 8. In that Table,

all smounts are expressed in constant 1979 dollars with 1972 prilces. The
low interest assumption of 9.5% is used,

The annual eguivalent valuel/ of each term discussed previcusly 1s re-
ported in Table 8.

The natural gas syatem has the least cost to the custcmer over the 20
years, Its annual equivalent cost is £4TW per venr, con}idernbly lower than
the solar/gas aystem (31048) or the wood system (51192)<

Since electric resistnnce had the lowest purchase cost, it has the low-
est mortgage payment (520L). iHowever, it is the most expensive system for
the customer to use.

With these assumptiona, non-avallability of natural ras would re=sult in
wood fuel belng the least costly (at 31192) followed by the heat pump (at
$1215) and ofl ($1235).

The greatest total subsidy {3802) is recelved by the solar/gns system,
The largest component of this sutsidy is the exclusion of property tax lin-
bility which would te v2803‘n9r year, The Federal solar income tax credit
has an annual equivalent value of $191, and interest deductions on mortgare
payments for State and Federal income taxes constitute the remalnder of the
solar/gas subsidy.

l/ The preclse formulation is AEC, = a(i)'PV {1). Annual equivalent cost for
{tem } is AFC The amortization” factor for intereat rate 1 is a(1), and 1is
defined by a(f) = 4(141)##20/(((1+41)%%20)-1). The present value of {tem }

is PV Cjt/(1+r)"t over 20 years, t = 1, 20. Cy4 18 cost or credit

item i ag actually occurring in year t. Total customer cost i{s the sum of
the annual equivaleni cost of each of the first eight ltems in Table 8,

2/ In the preceding section on utility peneration costs, dollar vanlues are
Ekpressed in annual equivalent costs over the operating periods of the plants,
In this sectinn, the residentlial systems were asasumed operable in 1979, and
annual equivalent costs cover the period 1979-1999. The two can be compared
by deflating the 1988 dollars to 1979 dollars. For the 7% inflation assump-
tion, the deflation factor would be 1,833, For the 127 {nflntion assumption,
the deflation factor would be 2.773. For example, the 7.3 ¢/kWh fipure from
Table 4 could be exnreased as 4,0 #/kWh in 1979 dollara. I.e., k.0 ¢/xWh =
T.3 ¢/xWnh 4 1,838,

3/ The annual property tex on the solar system would otherwise be $8200%.03L2,
cqual to 3280,
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Table 9 reports sommary results for all © cases. Solar costs ware cal-
culated for every solar/backup system combination for each case. For Table 9,
the twvo least-costly solar ccmblnations are generally shown for each case,
Fach case in Table 9 13 based upcn a detalled analysls of the form shown In

Table 8 for the flrst case,

fiiven the uncertainty surrourdins future Inflation, interest, and epnerecy
rrices, it is gomewhat unexpected to see three important conclusions emeres
from Table @, First, electric rezistance beating 1s the most expensive Tor
the customer in every case,

Second, patural gas heating is usunlly the least expensive, OSolar/eas
13 usually second, and always second or first.

Third, 1f natural gas 1s unavallatle, a wood system, or A solar/woaod
system, is the least expensive in filve of the slx cases.

fage S5 shows the results of hich inflation and interest rates in asso-
ciation with exponential grewth in real oill, eag, wood, and electricity
prices, A1l syatemsz show ma)or Increases, vut the ranklne is unchanced frem
Case 4, Apain, gas 13 leas*t costly and electric reslstance teatinr most
costly. ©Solar/gas 1s secord, and a heat pump lesa costly than expensive
wood, oll, or electric realatance heating.

In Caze £, natural gas price nccelerates to reach equity {on a Btu
basls) with the increasine oll price in 5 years. Dotk continue to Frov expo-
nentiallvy., This case shows the moat sxpensive wood fuel price mod the solar/
electric systew cost. The result is the only case in which a zclar system is
least costly. In addition, the solar/electric system 1s less costly than ex-
pensive wood, oil, or conventional electric resistance heating.

Tax Subsidies: Corporate and Parsonal

Tie magnitude of the combined effectas of corporate and personal tax sub-
sldles can only be approximated. Tuble 10G dnes so for the case witlh constant
1979 dollars, current energy prices, and 9.5% interest, The personal tax
sutaidies are taken from Table 8.

The corporate income tax subsldies nre derived from Table 4. The 3.7
¢/xWh and 1.3 ¢/kWh subsidies for nuclear and coal power are deflated from
1988 dollars to 1979 dollars by 73 per year, and the results (2.0 ¢/k%h and
0.7 ¢/kWh) are multiplied by the eicctric heat requirement of 30,A00 kWh per
year. The solar/electric system 13 aspumed to use coal-generated electricity,
hence the utility segment subsidy in the solar/electriec system is L0% of the
electric heating amount.

According to these figures, the annual value cf the subaidy recelved by
the golar/electric system ia the larpeat. At $84G, it 18 61T of customer
coot. The single electric system using nuclear powar has a $720 annual sub-
sidy, B5% of which is received by the utility in the form of the corporate
income tax subaidy.

r
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TABLE 10, ILLUSTRATION: TOTAL TAX SUBSIDRIES FOR HOME HEATING
(#/year; Case #1)

e e ey

Type of System: Solar/Electric Woold Rleetric Electrie
sclar electriec total {coal) {nuclear)
backup

Type of Subsidy

Personal income and
Property tax

| Property tax exclusion  $280 50 $28e 20 3 30
5 State income tax deds. 12 T 19 12
Federal inc. tax drds. 169 101 270 168 101 101
Federal tax credit 191 Q 191 _ 0 0 0
Total 652 108 T60 180 108 108
Corporate income tax, 0 86 86 0 21k €12
utility seneration
! Total subsidies In 652 194 846 180 320 120
i illustration
Cost to customer T22 67U 1396 1192 1439 1439
5
motal economic eost: 13Th 868 2242 1372 17€1 2159
subsldies plus
customer cost
31
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If each subaldy listed in Table 10 were eliminated, the least costly
system would be wood, then electric (coal generatlon), followed by electric
(nuclear gencration), mnd the solar/electric system would rank last,

However, theose figures should be interpreted ceutiously., Basic wenk-
nesses are apparent in this approach. For example, the property tax subsidy
for the solar component 1s based upon the exemption from a 3.W&% mnoual pre-
perty tax. This amount (£2B0) would, in the ebsence of the ecxclusion, be due
each year, But in the utility analysis, property tax liabillity is assumed to
begin at 17 of cumulative exvenditures end decline on a straisht line hasnis.
And AFUDC earaings are excluded from Lhe property tax basis, althourh viewsd
as income earning investment by the regulatory cocmmlasion,

This can be sumpmarized ms follows: each 3100 invested in = non-szolar
home heating system has a $3.42 annual property tax liability each year for
20 years., Each $100 of rate base investment in a nuclear plant has a 50,008
property tax liability in the first year, and this declines to $0.005 in the
tenth year, 30.003 in the twentleth year, and $0.0003 in the last vear.

Clearly, Table 10 might be amended to define o preperty tex subsidy for
the electric utility. However, we assume for the present that differential
property tex liablility is normal, and so attribute a $280 annual subsidy to
the solar system exclusion from property tax liabllity.

Besides this problem of property tax definition, we have no hasis for
calculating tax subsidies received by solar equipment manufacturers, woed
stove fabricators, power plant contractors asnd fabricators, or by the indus-
tries which supply these manufacturers,

Table 10 has limited value for comparing corporate/personal tax lianbili-
ties between systems. However, it does show that the corporate tax subsidies
are a significant factor in reducing the customer's cost of electric space
heating and that nuclear power 1is particularly affected.

Water Heating

Table 11 summarizes the results of the water heatings cost analysis.

| They are similar to the space heating analysis, Natural gas appears to he
the least costly methed, end electric water heating is always the most costly.
The analysis in which natural pas price reaches Btu parity with oil price

} alsc does not disturb this ranking. For natural gas/oil price parity, mas

1 cost is 3545 rather than 3200 in Case 5, and solar/gas cost is $560 rather

E than $4LoO,
i

As with space heatlng, the system with lowest initial cost -- electric
~= has the highest annual customer costl(

Solar/pas and solar/electric are less costly than solar/oil in the first
three cases, but solar/cil is less costly than sclar/electric in the last two

cases.

1/ See Table 6 for initlal purchase ccst of each system.
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Whenever 1infia

ation ceceurs (the last four cazes), a solar/electric systen
is always less costly

than a conventional electric hot water aystem,

Finally, the impact of higher Interest and Inflation is evident from
comparing the last two cases in Table 11, While all systems are more castly,
the orderinz 1z almost unchanged, and each conclusion directly above remains
unaltered,

TABLE 11. CCMPARATIVE COSTS OF WATER MEATING {(£/year)
(rounded to nearest 35)

1979 dellars 1979 dollars Low inflation (77)
9.5% interest 9.5%7 interest 9.5% interest
no real fuel inflation real fuel Inflation no real fuel Iinflation
case #1 case #2 case 3
ras 4 8s rag 3100 gaa %120
oll 256 solar/pas 285 solar/ras 330
solar/gas 285 oil 315 oll oo
electric 310 solar/elec. 365 solar/elec. Lbo
solar/elec. 3L0 electric 3G, electric 505
Low inflation (7%) High inflation (127)
9.5% interest 1L.5% interest
real fuel inflation real fuel inflation
__case #b case #5
gaa $ 150 fas $ 200
golar/gas 340 solar/gas LLo
solar/oil L60 solar/oil 605
golar/elec, Lgs5 solar/elec, &5
oll 530 oll TOO
electric 690 electric 910
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SECTION &

CORCT.USTONS

Our analysis has focused upon several econcomic factors which will in-~
fluence future enermy production and use In the ORBES remion. Although
industry analysts generally conclude that nuclear power 1s less costly to the
utility, our findinm is that coal power 1s somewhat less ccstly. If interest
and inflaticn rates should increase, we find that the coal advantase in-
creases,

Tax subsidles are a wajor consideration Iin utility eccnomics. For pro-
spective coal and nuclear plants in the representative ORBES aren studled,
the annual equlvalent tax liabllizty is negative. The greater capital inten-
sity of nuclear power results in its tax subsidy reaching 3.7 ¢/kWh in future
1988 dollars, almost three times the coal subsidy.

Higher interest and inflation rates Increase tax subsidies. The nu-
clear subsidy equals T0J of the utility cost, and the conl subsidy is esti-
mated to be 227 of atility cost.

Th timing of tax liabllity and revenue is such that little after-tax
net income 13 recelved by the utility in the last years of a plant's opera-
tions. Tax llability is high. The pattern is reverged in the construction
peried and first years of operations: after-tax net ilncome i3 high and cur-
rent tax liability 1s nemative.

Consequ.ntly, the tax and rerfulatory systems interact to create incen-
tives for premature construction of new plants and premature retirement of
existing plants. The timing pattern seems equally applicable to coal and
nuclear power.

This discussion of comparative costs does not attempt te examine known
or possible environmental ccsts asscclated with coal or nuclear power. We
make no attempt here to investigate nuclear fuel Alaposal in the ORBES re-
glon, decommissioning, or reactor safety. BSimilarly, we do not study coal
mine health and safety, strip mine repulation, alr pollution damage, or the
climatological impact of accelerated ccal use,

Cur study 1s limited to comparative costs and tax incidence. Within
this boundary, we conclude that coal power 1s less costly than nuclear power
in the ORBES region, and that the tax subsidy received by conl power i3 sig-
nificant but considerably less than the subsidy enjoyed by nuclear power.

3k

(S ———

PDF compliments of www.earthtrack.net



In the absence of this tax subsidy, it is appareant that o utility
would prefer nuclear to coal generation for economie reascna. One muthor of
this report has eatimated elsewhere that, if ma)or problems arise with re-
spect te waste fuel dlsposal, reactor decommlssicning, safety requirements,
and uranium availubility, there is a very smnll posaibllity that nuclear
power east may be as high ms 22 & /xwntt

Volatility in energy crices creates considerable uncertainty with re-
spect to future space and water heating coats, Our examination of ccsts of
providing heat and hot water to an owner-cceupled home conaldered a diverse
set of inflaticn and interest rate masumptlons. %We found that, for A new
home first occunpied In 1979, natural gaz {3 the least costly source »f space
and water heating., Electric resistance heatinm 13 the most costly system for
the customer on an annual basis, and this iz true for both space and water
heating.

Althourh natural ecas appears ta be the least costly system at oresent,
there is 1ittle doubt that natural gas availability will decliae. The 1.5,
Enercy Information Administraticn forecasts that domestic rmas production will
continue to decline from 1ts 1973 noximum of 22 gundrillion Btu. Including
every source of new production, total production may be ag low as 15 quadril-
lion Btu by 199%’-‘.2

If natural ras prices reach parity with oll prices on a Btu basis in 5
years, and 1if both continue to accelerate 1n an economle environment of hirh
inflation and interest rates, a solar/eas spnce henting system 1s less costly
than a separate gas system. It may be desireble to conslder making future
natural pas use by homeowners contingent upon installation of solar or wood
turning space and water heatinq.

Comparing corporate and versonal Income tax subsidles for four sources
of home heating, we find the subsidies accruing to a solar/electric system to
exeeed those received by an electrically heated home using nuclear power
generation. For the solar/electric system, the largest subsidies are the
Indiana property tax exemption, and the Federal perscnal income interest de-
ductions and solar tax credit. The nuclear power-electric home heatineg sys-
tem has 1t3 primary tax subsidy throuph the Federal and Indlane corporate
income tax. Tax subsidies going to electric heating by coal power are less,
and for wood burning are minimal.

It was a modest surprise to find that, in the two cases with general
inflatlion and with real energy price inflation in excess of generanl inflation,
solar, wood, and heat pump systems have less mnnual cost than conventional
oll or electric systems. This is true for low general Iinflation and interest
rates as well as high inflation and interest. It 13 applicable to bhoth space
and water heating.

1/ Chapman, "Nuclear Economics,” op. cit., Table 18, Section 6.
2/ U.S, Energy Information Administration, Forecasts, Annual Report to Con-
gress 1978, Vol. 3, Ch. 10.
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The problem, of course, 1z that oil or electric space or water beat
costl lewss for a contractor to install, but sclar, wood, or heat pump systemsz
have less total cost to the customer.

Cur ccnclusions should be gualified by erphaslzing three important lim-
taticna. First, our focus is on enerey production and use. We have not
studied conservntion technologles nnd policles and their effects upon utili-
tieg, cuatomers, and the national sconomy. Tt may “e the case that ener.y
conservation i3 at present a better general economic polievy than enersy proe-
duction. If so, It may heve unexpected conseqguences uposn meny sublects cors
sidered here. We may speculate that effielent energy conservation rolicies
would render less desirable the more costly technolopies studied nhere. In
particular, we would expect nuclear power generatlon and electric aspace and
water heating to be displaced.

4 second qualification: our apecific analysis applies only to a part of
the ORBES repion. We chose southern Indiana as the locus of gtudy for one
malor reason. It 1s & location where nuclear power and coal reneration are
econonically competitive. In addition, all of the conventional residential
fuels are available, and the renewable energy resources (wood heating and
solar hot water heating) are economically competitive with conventlonnl
fuels. However, our conclusions may not be applicable to other areas In the
ORBES region. Varlations in coal cost and state corporate income tzx policy
may alter the coal/nuclear comparison. Similarly, price and availability for
natural gag, wood fuel, and solar hot water systems may wvary.

Finally, we do not exaaine the distributionasl or equitv aspects of the
cost and taxation questions. Do uprper Income families benefit dispropor-
tionately from the residentinl tax subsidles accruings to solar hot water
heatinz? How are utility tax benefits distributed among customers, manase-—
ment, and sharehclders? What is the regional and nacional Incidence of the
Federal corporate and personal income tax subsldies? We have no orvinion or
information on this question of equity, but realize it 1s of consideralle
Interest.

It 1s our overall opinlon that these three qualifications (1.e., omis-
sion of conservatlon economics, narrow geographic focus, and abgence of dis-
tributional information) clearly limit the broed applicabililty o our
findings. However, we believe that further research into these three rele-
vant and important areas would not alter our conclusions, but would instead
broaden the context in which they would be interpreted.

—
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APPFTDIKL/

CORPOFATE INCOME TAX PROVISIONS AFFICTING POWER GENERATION

AFUDC ipcome

The allowance for funds used during construction (AFUDZ) hrs two compo-
nents. One i35 an equlty component which i3 added to operatine income in ar-
riving at total income. The other, the debt component, reduces actuanl inter-
est expense in arriving at net interest chargea. let inceme, while Yelnr the
difference between total income and interest charges, always includes AFUDRT
o3 a posltive amount.

The sipnificance of AFUDC, of course, arises from its Inclusaion in mc-
cumulated rate base which 1s the bnsls for future rates,

AFUDC when earned 1s wholly excluded from Federal income taxantfon., How=-
ever, the Internal "evenue Service {(IR5) doea treuwt lncome derived from AFUIC
rate base as normal income. The rationale is that AFUDC 18 an accountine
entry rather than an actunl income item, so no tax liabilit:y should be im-
posed.

By way of {llustratlon, a nuclear plunt with construction cost of %2.5
billion might have an 8% AFUDC rate applied to actual plant expendltures and
to nuclear fuel inventory acquisition. For a representative 52.5 billion
plant having a 10-year construction period from 1978 to 1687, AFIMC would add
$600 million to the plant rate base and 340 million to the fuel rate hase,
None of this is taxed as earned, and all i3 defined as part of net incomae,

interest deducticns

Intereat expense payments are generally viewed in the United Stateg as
ordinary business expenses and thereby deductible from taxable income. IHow-
ever, the other form of capital contribution -- stock Aand equity -- have pay-
ments made to them sublect to tax liability. Consequently, utilities prefer
debt to new stock issues in part because a dollar of new debt reduces overall
tax 1iability while a dollar of new equity does not.

1/ This material iz based upon "Nuclear Economics," Section 4, and is taken
from "Federal Income Tax Provisions Affecting Nuclear Power,” prepared for
the COctober 5, 1979, ORBES meeting in Lexington, Ky.
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Value-added taxation of corporate revenue is widely used in Furcpe. In
this form of taxation, taxable value equals revenue leas cost of fooda, wases,
and galariea., Therefore interest, ag well as dividends, {3 sublect to this
Torm of corpornte income tnx,

During the peried of plent cperations, bond payments to amortize debt
may have more than 90% of the payment going to Interest in the enrly years.

investment tax credit

The investment tax credit is o direct reduction In tax 1iability. At
the maximum rate, it i3 equal to 11 1/7% of qualified investiment, Ounlified
investment 1s essentially construction cost excluding land and structures.
AFUDC 18 not included @Qualified investment ia thus acproximatealy 65% of
construction coat. The maximum effective rate, then, 13 10% of actunl con-
struction cost,

This iz a significant tex subzidy, 1ta values for a hypothetlical new
plant telng about 4725 million. With flew-throurh accounting and nmartf{za-
tion of the credit in five years, custormer costs are reduced by nearly f100
million for five years.

A major problem arises from the last 1 1/23 of the {nvestment tax credit
and its use as compensation for utility employees; thia iz discussed below,
under "conflict of interest”.

accelerated denreciation

For net income determination as well as rate-makling, depreciaticn ex-
i rense 13 defined by the normal stralght-line basis. Depreciation expense 1is
8imply aasux2d to be spread equally over each year of the plant's life, and
is each year equal to 3 1/3% of original cost,

Accelerated depreciation literally speeds up devreciation for tax pur-
poses, By plaeing larger deductions in earlier years, it ahelters signifi-
cant income in those vears from tax limbility. The double declining balance
method i3 most effective in terms of maximum tax reduction.

R N R SRR LT S e

The normal rate is doubled, from 3.337 to 6.67%. This percent is ap-
rlied to the underreciated basis at the beginning cf each year, and the re-
sult 13 current depreciation for tax purposes,

t life

f The arbitrary tax lives assigned to nuclear power equipment provide an
sdditional tax subsidy. The IRS permits depreciation to be based upen a 16-
year period rather than the 30-year expected 1life. Consequently, the double
declining balance method, applied to & lf-year tax life, gives a 12.5% depre-
ciation expense rate. After eight of the 16 yeara the utility awitches over
to normal straight line depreciation for the remaining basls., This ensurea
total depreciation in 16 years.
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Similar arbitrarily short Federal tax lives apply to other utility pro-
perty: 22.5 years for fosail fuel gﬂncratln: syatems and 24 years for trans-
miagslon and distrivution equipments,

For 1 $2.5 billion plant, Federal deprecintion daduction fs ¥31h milltcon
in the flirst year. Normal depreciaticon for rate base investment iz £1nh
million. The plant 1s wholly depreciated for Federal 4ax purposes hy 22701,
end no further depreciation expense deductions can he applied to tmxabls in-
come for the Federal corporate Income tax.

repair allowance

The IRS repalr allowvance has been Interpreted to allow a conpany to
elect the larger of elther RC%Lul repalr expenses or the IRS pearcentace al-
lownnce a3 deductible expense=, Utilities frequently select the percentare
allowance because it excesds actual expense,

The repalr sllowance rate for a nuclear powsr plant is 3%, fivins an al-
lowance of 579 million in 1983 for a hypothetical plant.

non-taxavle Alvidends

An effective tex management brings the utility Into a poaitlon with no
income tax liability for the recipients of the dividends.

Suppose a company normally has a positive and significant net Income an!
net cash receipta: it 1s in a position to make dividend payments If it elects
to do s3c. Cuppose it has, for tax purposes only, no texable profits., Then,
all its dividenda would be tax-exempt for dividend reciplenta: {t iz eszen-
tially a fictional carital repavment.

If dividend payments total 3X million, and taxable profit {3 a smaller
$Y million, then Y/¥% of each dividend is taxable for recipients,

In determining non-taxable dividends, taxable income is recaleculated as
"earnings and profits". Esaentlally, depreclation Is recomputed on a
strajght line basis with arbitrary tax livea.

For the dividend recipient, these tax-exempt dividends remain exempt
until they =um to the original purchase price of the stock, At that point,
additionsl tax-exempt dividends become liable to capital gains tax.

1/ See U.3. Internal Revenue Service, "Tax Information on Depreciation,”
Publication 534, 1979, p. 35.

?/ See Michael Galvin, "Report on Reasonableness of the Income Tax Allowance
for Pacific Gas and Electric Company,”" California Public Utilities Commission,
February 11, 1977, pp. 2=k,
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It can be noted that this provialon Incresses the wvalue of tax subsidies
pertaining to new conatruction by ereatine deductions which can he rassed
along to shareholders. One Yew York utility revorted BS: of itn dividend

payments were tax exempt 1in 1G77.

conflict of interest

——— —_—— -

Under present Federal tex law, the last 1 1/0% of the 11 1/23 {n the
investment tax credit mav he used Airectly to Claance employee stock cwner
ship plans. The maximum rate (11 1/27%) requires emplovess to mateh the fin
1/2% coatribution,

Put in {ts gimplest terms, this porticon of tYe Investment tax eredit
uses public funds to Increamse the compenaation ~f utility manarpers who choose
to construct a newv plant. This interpretation has not been aeen as invalid
by Treasury Department personnel with whom I have dlscussed this problem,

As an 1llustiation with data utilized in thisz study, the inveatment tnx
credit reduces the cempany's tax llability by a sum of 2275 million%é of
this amount, $36 million is contributed to the stock ownershin plan=: 1In

addi«ion, the cost of administerins the plan 1s credltable against tax lia-
bility.

The possible conditions on participation In the plans are such that
utility executives will be disprcportionnate bencficiaries, Persons umler are
25 or with less than three years employment may be excluded. Unions may
elect to exclude thelr menbers from participation. Within the pool of parti-
cipants, stock contributlons are based upon salary up to a $100,000 limit.

Treasury De?artment ptai1f belleve utilities are the majlor bveneficiaries
of this propramd/

In my opinion, this creates a major conflict of interest. Utility mann-
gers must declde the deairablllity of new constructien programa for their com-

ranies and customers, yet if they decide affirmatively, they will be person-
ally rewsrded for dolng so,

Indiana corporate income taxation

Indiana tax provisiona di{ffer in four ways. First, the rate {s 37
rather than L&} on taxable income. Second, there 13 alsc a revenue tax.
Third, no Investment tax credit is applicable. Finally, the Indiana tax lia-
bilities are deductions from Federal taxablie income.

1/ See "investment tax credit”, above.

2/ Qualifying expenditures, recall, are 95% of total. $2.5 billien x .95 x
.015 = $36 million,
3/ Personal communication.
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nuclear end coal generation comparison

As noied above, the minimum Asset Depreciaticn Range tax life is5 22.%
yeara for a fossil fuel plant and 16 years for o nuclear plant. In additicn,
the repair allowance is 5% for a fossil plant rather than the 37 for a nu-
c¢lear plant. In other respents there 13 no differentiation for tax purroses.
However, to the extent that nuclear power Is more capital intensive, it an-
crucs 8 gretter magnitude of tax subaidies per kilowati-hour,
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