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1.0 Intrquction‘

Among the several géneric incentive programs propdsed fo accélerate the
- widespread use of on-site ;olar energy‘ié»a:class bf finanéing alfernaﬁives

~ administered by regﬁlated‘pﬁblic utilities} It'i$ the purpose of this report
to anaiyze various forms of utility éolar_finance. This analysis will delin-
 eate_the complexity df the-regulatory’issues involved with aﬁy scheme which;

uses public utilities.as:finénCial iﬂtermediaries for on-gite'solar.

The study begins with concrete eXamination_of various types of utility
solar financing arrangemeﬁfs. The'focus:ié on the costs of each arrangement'
vto the utility. ihe'diScussion theﬁ broadens to.conSider fhe’generic'economic

impacfs‘of ufility'soléf financ¢ Qh both the customer and the corporatioﬁ.‘

With this backgrouﬁd, the brpadér'socia1 is$ues:associated with utility involve-
ment in the solar market.are sufveyed.' The legal_aﬁd regulatory concerns which
- would shape.pracficéi'utiligy solar finance programs are_delineated. From this
“~abstract sef of issue; we return to the éohcrete'and'examiﬁe the particular

cost factors that determiné'economic viability bfvufility solar finance in a
detailed cése study. Finally,'the comﬁlexfinteractions_of fedéralltaxation-and
state regulatbry préctices are described. These indiéate the:widé variation in
.poféntial costs acrbss'regulatdryvjuriSdictions.'

- Utility solar finahce‘i$ an intrinsicél complex issue. This stems from
the central posifion alréady occupied by public utilities in the existing
eﬂergy diStribufion and marketing sysfém;' Whether utilities finance solar
enérgyior not, théy é?é impacted'ihtermediaries in,gﬁzvplan'to accelerate the
" commercialization of on—éite systems. If utilifies aré_external to the solar
in;ehtive'process, then theyimay well emerge'iﬂ a role as a.constraint on the
solar éngiﬁeering/economic optimization. This éonétraint appears in the form

of ﬁtility pricing policies for bﬁék—up energy. Feldman and Anderson have



shown the effect‘that utility prices have on solar design choices(l’z).. In
turn, fhe'utiiity ﬁriciﬁg'of back-up energy ié determined by the changes in
 1oéd shape and cost qf service imposed onvthe utility by widespread adoptionv
of sblar_technology. Bright and Davitian‘have showﬁ that under ideal condi- |
tions the solér impact upon utilities can Be minimal (3).  It‘is not at all
‘clear, however, that the real world will reacf as flexibly as predicted by an
optimization mode1 in which all inputs are known with ceftainty. |
Utility ﬁarticipation in solar energy finance is likely to create a
. different set of adjustments to the energy supply. planning process than if
there were. no such pafticipatioh. ‘These differences would be due to both-thé
potential scale.of a solar program as auwhole,rand to-thévoptimal design of
individual éyStems. Current incentives fpr so1ar energy in the‘form of tax
credits have had a highly limited:effect. In. California, for example, the
state in¢0me'tax credit hés produced avrespongethich is highly skewed towards
ﬁ?per income'gréups. Table 1 shows recent.data on thié_trend. It ié clear
froﬁ this table'tﬂét 75 percent of all applicants.had adjusted gross income of
.over $2b,000 pér yéar and 30 percent were over’$40,000 per'year, In certaiﬁ
markets, such as the multi-family rental market, there ié no incentive, even
with potehtial tax éredits, to inﬁest in solar energy apélications._ Bezdekg
Hirshberg énd Babcock attribute the lack of'incentive.in the»apartment.sectof

(5

fovthe invesfmenf gqals of owners andvthe Structure:of the tax code A

éolar finance program administred by regulated utilities would, in principle,

" be addressed t6 larger markets than. the tax credit approach currently attracts.
- A more subtle but.equaliy important.éffect'of utility solar finance is

the potential for more optimal system design. A private or corporate decision

_to invest in solar energy will be based on current energy prices. Insofar as

" these prices are public utility rates, the investment decision and the optimum



Table 1

California Solar Energy Tax Credit
* . Applications by Income Level

e o 'APPROXIMATE NUMBER
ADJUSTED GROSS - . " OF SOLAR CREDIT

INCOME - CREDIT APPLICATIONS
Less than 9,999 - o 885 .
© 10,000 -'14,999 f - 1,155 4,150
. 15,000 - 19,999 | 2,110
20,000 - 24,999 o o 2,855
25,000 - 29,999 T 802\
o - o | B 16,382
30,000 - 39,999 4,504 /"
.40,000 - and ovér - o 6,061

California Franchise Tax Board Date
' cited in (4)



ecbnbmic deéign of a solar system will be biased away from solar systems which
displace large amounts of energy. The reasén is simﬁly that current public'
utility rates are based oﬁ average historical costs. These are lower than
the marginal coét of new supply. "Economic efficiency is achiéved by trading
off options at marginal cbst; Under current market arrangements, there is no
'actor who can insﬁre that the apbropfiéte value of &ispiaced energy will be
feflected in the pfivéte decision prgcess. Utilities, however, are in a posi-
'tion té.compafe.margihal coéts. lOther fhings being equal, this would result
in more efficient and presumébly larger écalevinvestment in solar systems.
Alfhough utility solar finance might well accelerate the adoption of on-
site solar systems, there éfe risks aﬁd costs associated with sucﬁ'arrangements.
The.main'iisk identified with utility solar finance is the potential for monop-
olizatipn associated with fhe'scale of such acti?ity. -This.risk has beeﬁ char-

(6,7)

acterized in a'variéty of ways. Apart from_a generalized antipathy toward
monopoly; there are real and-potential costs of using the utilities as a prin-
cipal financial intermediary for solar commercialization. In'pfinéiple, banks
and other c0nventiohai financial institutions have a 1oWer cost of money than
regulated utilities. This is readily apparent by é comparison of capital struc-
fures. Banks are_caﬁitalized at roﬁghly 95 percent debt (i.e.,‘deposits) and
only 5 percent equity.: Utilifies typicaily'haye about 35 percent equity capital
' whiéh is costlier than debt,of prefefrgd stock. The cosf difference between
debt and equity is at least severa1,percentage points. ‘Thus by encouraging
utility solaf»finance, éoqiety_Wéuld be choosing an intrinsically more expen-
sive source of finance than might be available through conventional means.

This extra social cost must be weighed against the potentially greater market

available to on-site solar through utility finance.



-tion. This-bias, first described by Averch and Johnson

Other less readily quantifiable risks-of_utility solar finance include

 the potential for economic distortions induced by a tendency toward excess

capitalization or by possible motives to cross-subsidize solar activity from:

- other invéstments. This first effect, excess capitalization, is generally

thought to be due to a bias toward capital induced by rate of return regula-

8)

may not necessarily

. ‘ . . (9 o a . :
obtain-in a climate of economlc.uncertalnty( ),where risk-aversion would induce

a bias. away from capital. Regulatory action to limit excess capitalization

(sometime called '"'gold plating") for on-site solar systems may'well be easier

than for_laige scale Supply projects where.thé abiiity to predict true capital

intensity is limitedclo),'
The risk of subsidization of solar is just the opposite case, where the

utility underprices rather than-oVerprices. Assessing the importance of this

risk requires an analysis of the vendor market for on-site solar. If such

analysis_indicates'that utility finance might involve unfair subsidies, regula-
tory alternatives exist to limit this danger. -
In the analysis,which'follows various generic arrangements for utility

solar finance will be surveyed. Each alternative will be characterized by its

main advantages and disadvantages with regard to impact on customers, the util-

ity and mope general social concerns. After the generic aitefnatives-have been
discussed, individual issues will be addressed. These include:
‘(1j Analysis of economic impact on utilities of involvement'in'solar
energy finance. |
(2) Eéonomic impact on non-péfticipating utilify customers.of sélar
_energy finance programs. -

(3) Social cost analysis of utility involvement in the solar market.



(4) Case study of the Pacifié Power and'Light Cé. approach to solar
énd coﬁéervation finance.
-(5) Interaction-of state regulafory practices and federal tax in the.
evaluatioﬁAof solar finance costs.
2.0 Specification of Generic Utility Solar Financing Alternatives
Traditionally, finance has offered opportunitied for innovative arrangements
that are limited only by uncertainties associated with the'legal status of the
préposed iﬂstrUment. Thﬁs, many variations of basic alternatives are possible
for any financing mechanism. The-currenf investigation by the California
Public Utilities.Commission into utility solaf finance has produced a catalogue

(4)

of fourteen variations. It is doubtful if this exhausts the range of permu-
tations and combinations of specific program features. Rather than enumerate
all possibilities, it will.be convenient to catalogue the major classes of
alternatives and their main features. In any particular situation, conditions
will favor some combination of the main features.

The discussion will bégin by contrasting the role of solar capitalization
by the’utility with the role of financing. This will be followed by an analysis
‘of the Pacific Power and Light Company's Residential Enefgy Efficiency Rider.
This plan is the most far—reéching utility sponsored end-gse efficiency pro-
gram. in the nation and‘has enjoyed widespréad acceptance by customers. It
has been propoSed és a model for other utilities, and therefore deserves special
attention. The survey will conélude by examining the role of leasing arrange-
ment, the case for creating special utility solér'subsidiaries, and the role of
speciél bonding authorities.

2.1 Capitalization vs. Financing'
The standard accounting treatment'of any utility capital investment is

- that all appropriate costs for materials and labor are added to the undepre-

ciated rate base to earn the allowed rate of return on capital. In the special



- caée.of_utilit&'investment in'on-site SOIar,‘such treatment‘may or may not
inrolve cross-subsidization of solar investments by nonfsolar users. By
nrolling-in” all solar costs into a:rate base common to allvcastomers, the
nOn—solar‘USer pays an incremental cost for conventional service over and
above what he would have paid w1thout the ut111ty solar 1nvestment If this
increment is greater than the marginal cost of new convent10na1 supply suit-
ably allocated, then solar users may be said to be subSidized. The regulatory
remedy for this situation_is straightforward. Solar investments can be capi-
talized in a separate_acCOunt charged only to solar users. While this would
avoid cross-subsidization, it has the consequence'of charging marginal costs
for solar energy; but only.average costs for conventional supply. Although
public'utility'rates ahould not involve cross-subsidies.in theory,(ll)
practice it.goes on to a considerable extent. The main practical concern in
this regard is the magnitude of such subeidies. For typical conditions in the
gas industry, it has been shown that "rolling—in" will haVe a small impact on

(12) The relatively small fraction of utility capital that

nonsaolar,rates.
would be devoted to solar is the reason for this result. Under‘widespread
implementation, this.effect coold be considerable."A more’stringent criterion
concerning cross-subsidization is discussed in connection'with.the Pacific
 Power andeight Company plan. o
Avpotential'compliCation of'any capitalization approach iskthe risk of

gold plating. It is p0551b1e that utility ownership of solar would be biased
toward expen51ve, over- de51gned systems that were exce551ve1y capital intensive.
This is really just an 1nstance of the Averch Johnson( ) thesis that rate of
return regulation induces a bias toward capital.

" In terms of'the'engineering/economics of active solar space heating, for
'example, gold plating might take the form of ander—inveStment‘in-glazing,

insulation, weather-stripping, etc. Such conservation investments reduce the



'thérmal load that must be supplied by éollectoré‘and are-considerablf less
exﬁensive.(ls) vunfortunately,lthe utiiity might havé difficulty quaiifying
for federal_tax benefits such as rapid amqrtization'énd investment credit
from residential cpnservétion investment. Thé IRS §n1y gfants such.benefits
‘to-investment that is made on.the owner's property and dedicated to his gse.(14)
.YA utilityfé residential meter pasées these tests, but conservation and solar
ihvestments‘would have.mbre difficulty,_'Without'equal tax treatment for ali
energyvoﬁtions, the utiiity could not be expected to make'efficientbchoiées,
.The éeheric altefnative to capitalization is a strictly financial role
for th¢ utility. In this rﬁle, the uti1ity would‘act as_a bank which makes
loans for a pfedetermined time: period at‘a fixed faté of interest. The costs
of such a pfogram depgnd.critically on the choice of loan period and interest
rate. The appropriate loan period shbuld be the economic lifetime of the
solar system. Unfortunately, thére is considerable uncertainty about this
period. Choice of a relatively_long lifetime, say ZOZYears,.wOuld almost
certainly meén that,individual'components would require earlier replacement.
In Table 2,'estimatedcomponent'1ifetimes for solar hot water heating systems
are liéted based on California Public Utilitiés Commission reéommendations.(ls)
Some provisidn fpr the cost of réplacing components must be made if the finance
ié_based'on a 20vyear 1ifetime. |
jEcbnomic lifetime is also an important parameter under capitalization.
Iﬁ»that'case, it represents the length of time the capital investment is in
the utility rate base. Lifetime also determines the depreciation schedule
using any method of depreéiation; Depreciation wi11 reduée'therrate base

under capitalization,‘but is irrelevant to the utility under financing.



Table 2

Solar_HotVWater Héating System'Component'Lifetimeé:

| : S ESTIMATED
ITEM -+ LIFETIME -

Solar Colleqtors.}Acopper'typel 20

. Pumps o 7:-'_ | : ' “ | } 10§15
Valves *_  ;." YH'1 . o 3 - .
Soiaf Hot Wateristofége Tank ' ":3  o 20
 §ack-up Hdt_Water.Heating SyStem 10
| Conifglier' S - 10

- Associated Copper Plumbihg  ' 20 .
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Fixing an appropriate interest rate under financing can be approached in
a number of ways. The standard procedure in the conventional economic analy-
sis of utility investment projects is to calculate a fixed charge rate to be

charged annuaily against>capital cost to yield the pre-tax weighted average
1.(16)

D

cost of capita 'Thus,'a capital structure is assumed; the cost of each
kind of capital'isvestimated and téx effects afe added in (see Table 3).

Fixed charge rates willsvary across regulatory jurisdictiqns depending on the
treatment of federal tax pfeferehce.. Utility commissions which require "flow-
through"_of.investment tax credit and acceierated depreciation to customers
wili fend to see lower fixed_charge rates than. commissions where tax preference
is captured by the utility. This subject Willlbe discussed in soﬁe detail in
:Section 7. qu now it is sufficiént to observé'that for solar energy finance,
_‘éssﬁming that no tax credits»woﬁld be available to the utility, the pre-tax
cost of capital is currently in the range of 17.to 22 percent. The convern-
tionalﬂinterest rate so determined would be the same under capitalization or
finaﬁciﬁg.

Becausesthe pre-tax cost of capitai is so high compared to bank rates,
utility solar financing would not be particularly attractive. However, it is
not at all clear thatvthe standard procedure‘used to determine fixed charge
rates, as:sketched above, is the appropriate tool for ﬁtility économic analyéis.
Public utilities may be thdught of as a portfolio of investments, fhe sum total
of which provides a service to customers. These investments differ widely in
théir financial and eqonomic-risks. Large,.long 1ead.tim¢ supply projects
‘have more unéertain returns than relatively safe investment in transmission
and distributioh. "Among electric generation projects, there can be substantial

k.(17’18)

differences in ris "The conventional analysis fails to captufe these

" differences. This failure is the subject of concern within the utility plan-
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.ning community. 'ItAWas discussed recently in a committee papef sponsored by
the Power Engineering_Society of the Institute of Electrical and Electronic.
Engineers (iEEE).(lg)"

Roughly‘speaking, projects with greaféf risk ought'té returﬁ a greater'
propoftién of their inveétment annualiy.v One framéwork in-which to assess
~ this tradé-off befwéen risk and return is the‘Capital Asset Pricing Model
.‘(CAPM).(ZO’ZI) In the'cése of electric utility investment, the risks associ-
ated with énd-use substitution investments such as solar hof water heating or
ceiling insulation.appear‘cqﬁsiderably 1ower thén those associated with large
.scalé géneration projects.(zz) If éorrect, this means that the return feqﬁired
ffom such inveétments'ought to be lower than the weighted averagé cost of capi-
tal; This will mean'a.lower'effective.interest rate for solar finance by the
utility. The discussion of relative riék is explored further in Section 3.2.

Assﬁming that the riskuof solar investment by utilities is sufficiently
low to justify an inferest rate which is lower thén thg pre-tax cost of capital,
it remains to discuss the regulatory devices available to caﬁture this effect.
As a practical ﬁattér, it would be poésible fo "roll-in" solar inve§tments
under cépitalization and chargé them at a cost of capital which is less than
the pre;tax rate. This amounts to chaﬁging the capital structure on the margin,
weighting it more heavily towafd lower coétvinstruﬁents and less foward commoﬁ
equity._ Under a_financing arrangement the treatment would be essentially the
game, although it would be moré transparent that this élass of investment is
being handled differently than conventional inveétment. A finanéing subsidiary,
‘for example; might 5e éapitalized at 10 percent or 20 percent common equity
and the regt would be debt. The effect of capital structﬁre»on pre-tax cdSt

of capital is shown in Table 3.
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Table 3

Capital Structure and‘Avefage Cost of Capital

AFTER-TAX . PRE-TAX

' 5 " INCREMENTAL  * WEIGHTED TAX o COST OF
RATIO COST COST MULTIPLIER CAPITAL
A. Standard Case o o
Debt 50% 9.5% 4.75% 1.00 4.75
Preferfed . ‘ ‘
Stock 10% 9.5% 0.95% ~ 2.04 1.94
Common : , | ' |
Equity 40%  14.0% 5.6 % 2,04 , 11.42
B 11.305 . . 18.11%
B.  Leveraged Subsidiary
‘Debt  80% | 9.5% 7.60% 1.00 7,60
Equity =~ 40%  14.0% 2.80% S 2.04 5.71
| 10405 | 13.31%

(a) Calculation of Tax Multiplier:
1" ReduceIIncome by State income Tax Rate.= 9%
100 - 9 = 91%
2. Calculate Fedefal Tax at 46%
| 91% x 46% = 41.86%
3. Add State Income Tax - 41.86% + 9% = 50.86%
4. Tax Multiplier is the Reciprocal of 1 minus the marginal tax rate

. 1
~ 1-.5086

= 2.04
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A substantial administrative problem_associated with fimaneing plans is
_the'design‘of_the re;paYment schedule; ' This is especially important wheﬁ
considering the effect of sqcial mobility on the‘term of loams.' Underfcapital—
ization.return on the investment is achieved_as bart ofithe ordinary rate-making
rprecess. Since the utility_”owns” the equipment,\it doesn't matter if the
_nominal occﬁpant of a building_with‘this equipment changes. The current occu-
pant of the residenee wiil still make ﬂpayments" through the rate structure.
Where an explicit loan is made; some provision must be made for selaf borrowers
who meve from their solar residence. Is the loan 1iquidated at this time, or
transferred to the new owner? What if the new onwer doesn't want to assume
‘the loan? This problem is significamt‘because the average turnover time for
_houses‘is 1ess than the 20 year'amortization often required_to make sqlar loans
cest—effeptive. ‘It is estimated that the average_house changes owners at a

(4)

poiht between the»fifth tenth Year from purhcase. Few solar projects are
cest—effective if amortized at 10 years'or less. ‘Thus, not only is there
duncertalnty over the economlc life of solar: systems, but demographlc mob111ty
tends to reduce and complicate one of the main advantages of public utlllty
finance, the ability to raise long term capital. - The_most outstanding prac-
tical solution to‘tﬁis dilemma is the ehergy conservation finance plan designed
and ‘implemented eﬁrrently by the Pacific Power and Light.Company. It is to

this subject that we now turn.

2.2 The Pacific Power and L1ght Company (PPL) Residential Energy Efficiency
~ Rider

- PPL is an 1nvestor owned electric utility operatlng principally in Oregon,
but in six other states as well. Its Re51dent1a1 Energy Eff1c1ency Rider is
a unique: comblnatlon of capltallzatlon and finance elements used to encourage
. investment in residential weatherization. Althoughlnot addressed to solar

applications, the approach is generalizable under certain .conditionms.
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The main features of the ?PL program are as follows:

(1) PPL performs a Home energy audit and recommends specific weather-
izatiqn_investmentS‘Qhose life-cycle coét is less thén the marginal
cost of new supply.

(2) Upon'approval of tﬁe homedwner, PPL arranges for contraétor instal-

iaiion of the weatherization materials.

(3) PPL pays for.all materials and labor.

4) The homeowner agrees to repay these original costs with no interest

on or beforethepoint of sale.

(5) PPL'accounts'for these investments by adding them to rate base

using no amortization.

(6) All customers pay the cérrying charges on the capital for as long

as the loan is in thevutilify rate basé. |
(7) Upon transfer of the home and repaymeﬁt of loan, the rate bése
.is reduced by the amount of the loan.

This program isbattractive to all partiesrinvolved_in the transaction.
Customer response has been good; fhere has alreédy developed a substantial back-
log of requests for participation.v The current completion rate is about 5,000
homes per year.(zs) The scale of the program is sufficiently 1argé to support
the assertion that public utility finanée can make major differences in the
adoption fate'of weatherization investments. Benefits‘of this program to the
utility.will‘be discussed in some detail in Section 3.2.

Thé main structural'innovatiqn of theAPPL plan is the use of the-time of
property transfer as the point at which the loan must be liquidated. This
feature, combined with the capitalization of the loans in rate base, has the
effect of evening out the allocation of prbgréﬁ.cost between pafticipan£s and

non-participants. Under simple capitalization, in plans such as the FEA's
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Roéenbergvprdposal,(24) résidehtiaifconservatidn‘inVestments were to be éapit4
alized in rate base for theif éstimated‘economic_liveé. The FEA proposal used
15 yearsrfor this Iifqtime; ‘This_méans_that nonfpartici?ants carry the cost
of the program over the entire peridd; Under the PPL pian,-the'non—paftici—
pants' burden will end long béfore the benefits of the ihvestment ceasé.' Since
‘the PPL plan is sfill an actualvloan,.wheré éll customers beaf the interest
cosf,_repayment‘on fesale'eliminates a basic- inequity of simple'capiﬁalization.
Non—particibants do hot,;ontinﬁally pay for the benefits received by others;i
While there are stilllsubtle questions of customer équity involved in the PPL
plén, its combinatiéﬁ of features tends to eliminate séme of the most trouble-
* some featufes,of'simple-financing or capitalization.

Apart from its structﬁral innovations, the PPL plan has a particular defi-
nition of cost-effectiveness used to evaluatelgﬁd—use conservation investments
tﬂat is a major constraint 6n program,scopé.v_ Conventional ﬁtility ecoﬁomic
_énalysié of invéstments for centralistation,supply is based on the minimum
marginél cost criterion. That‘alfernative is best which has the lowest marginal
cost. To.account'for thé differing incidence of costs énd 5enefits to partici-
pants aﬁd nbﬁ-participants,'PPL has profosed a more stfingent criterion on its
ﬁrogrém. An end-use coﬁ#erVation ihvestmént prograﬁ must save energy at an
. average cost wﬁicbis lessfhan thé-différence between the utility's marginal cost
of new supply and the current average retail cost. If a program meefs this test,
then non-participants will have:novhigher a cost of energy under tﬁe'program
than without it.  The\derivation-of this ériterion is given in Section 4.1.

Its appliCation is discussed in the California case study in Section 6.
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2.3 Leasing Arrangeménts
| 'Leasing éapital eduipment rathérvthan.purchaéing it is a financiai device
. introduced to.transfer-ta* beﬁefits among bartiestto a traﬁsaction,'sovthat all»
actOrs atevbettef off.(ls) it>has-récentiy become a factor in public utility
finance. San Diego Gas and Electric Cd}, for ‘example, sold its Encina 5 power
plant to the Bank of:America and leases it back from them. YTHe arrangement
resulted in a.net cost Qf cépitai'td the utility of about 6 percent. While
this is ah attractive rate of interest in today's mérket,'the long term effect
on the utility's credit‘is'nét positive. The reason is that utility bond
rating agencies view the lease as a long term debt obligation which leverages
"thé utility fﬁrther.and provides.no equityiprotection,(26)

The San Diego Gas and Electtic lease iS'bésed onla situation in which the
utiiity has_federalvtax credit it cannot absorb because of insufficient_revenue.
These arérpassed thrdughvto the bank which sharés the benefit in the form of a
lowervinterest-rate. Other tax situations afe-pbssible. The natural gas
utilities are ﬁot generally in the same tax position as electric utilities or
.combination cOmpanies. Electric power generation ié sé captial intensive that
electric utility investments generéte substantial tax preferences. - Natural gas
utilities, on the-other hand}-have‘relatitely'smaller capitalization. Their
constructioh_projects are either smailer thaﬁ'those Of‘eleétric-utilities or
SO iarge in nature (LNG for exémplej as to require wholly anonventional finan-
cing. .For'relativély modest scale incremental investments, gas utility solar
finance using leasing techniques’would enablé the utility to capture tax bene-
fits not otherwise available to_them and pass some of these along to customers.
In a study of gas utility financé alternatives for résidential solar applica-

(12)

tions, MITRE found the leasing alternative most attractive. This conclu-
sionvfbllowed.fme assumptions of more highly leveraged utility subsidiary

finance than under simple capitalization and the capture of tax benefits. It
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is as yet an_unr;solﬁed issue Whether'utilities which own or.lease solar equip-
:ment wéuld actually qualify for‘conventionai invéstment tax credit. Under
utility leasing there.wthd_be no cépture of state or fedéral tax credits aimed
at COnsumers.‘. | | |
2.4 Utility Solar Subsidiaries
Public utiiity companiés~$ometimes engage in businesses that are not part'

of theii monopoly franchise,:but~whi§h may bévfangentially‘felated fo:pheir
Amain activitiés. To éepérate these non-utility operations from the regulated
activities, it is conventional to create subsidiafy corporations‘for non-
utility businesses. For:particular activities it may not‘be entirely clear
whefher it does of does nét tome'undér‘the scope of the monopoly franchise.
In these'éases, subsidiaries are also useful devices to create arfinanﬁial
separation from the parent'compaﬁy. Such a separation may be used to allow
hore latitude to the subsidiary than the.parent, br conversely to allow a
.close régulatbrj scfutiny'of the particular activity.

._One'of fhe_majér concerns inVoived_in-organizing a utility subsidiary is
Vthe determination.of an éﬁpropriate capital'structure and aCcounting‘correctly

1,g27_29) Table 3 indicated that capital

for fhe cost of a subsidiarY's.capita
structure has a‘major impact on'averagevcost of money. What.is_less clear is .
ﬁhe justificatiqn of different capital'structures and the imputatibn of costs

to each in;trument. The cost‘impﬁtation is coﬁpiiéated in turn by the variety

. ( : .
of corporate devices which can be used to control the subsidiary.
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The @o$t logical grounds upon which fo impute subsidiary capital structure
and costs is on the baéis of prdjéct fisk.(so):AThé practical problem is that
»usually'the ;isks'of avﬁew-projeét are not readiiy-qﬁantifiable beforehand.
Some general guidelines with_regard to the éffecté of diversification are
' available. In a substantial empirical stﬁdy across many industries, Rumelt
found that allimited amount of diversificétion could reduce the risk of parent

(31) However, unless it were constrained to some functional

corporations.
relation to the main line of business, diversification may show no particular
benefit. In the public utility sector, Fitzpatrick and Groebner found confirm-

ation for these general conclusions;(sz)

Iﬁ particular, natural gas utilities
which have diversified widely into unrelated businesses appear to have
increased their_risk by such activity. Thié increases the cost of capital to
the parent's qtilify'customers. On the other hand,'électric utilities have
relatively little non-utility activity and could, by some limited diversifica-
tion, reduce their risk. The. specific risks of utility solar inVestment are
discussed in Section 3.2.

Theiresu1t$ of Fifzpatrick and Groebner suggest the third major issue
associated with utility subsidiaries, whethei these businesses should be regu-
lated or not."Thiélié é'decision that will often be made on the pragmatic
ground of whether a would-be fegulator has sufficieﬁt stéff time and resources
available to regulate subsidiaries.. If such time and resources. are ﬁot avail-
able and the risks to utility customer§ appear substantial, tﬁen the regulators
only optién is to forbid the'aﬁtivity. More ambiguous situations arise when
the risks aré not well-understood. For fhe issue of solar investment by utili—
ties, there is likely to develop a leader-follower éituation among state regu-

lators. 'In California, substantial regulatory analysis of the issue is cur-

rently being pursued. This process is likely to generate information and
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'perhaps'precedents for other commissions to rely upon. _Statés with limited
resourcesvfor regulafory scrutiny may be expected to develop.guidélines based
on California experience. . | ‘. | | |
fZ,SZISpecial Bonding Authorities

The last major feature of a utility solar finaﬁce,program td'be examined
bhere is the use of épecial bonding authorities as a means of raising relativeiy

'lbw cost ca?itél. .When municipalities and other”specially_constituted local

‘‘agencies raise.capital, they:séll bonds whose interest is tax-free to the pur;
chaser. The interest paid on the bonds of private corporations including
investorQOQned ﬁtilities is taxable. Theréfore,'thevlatter will have a cost
of debt capital whiéh is'greatervthén thé,tax;éXempt debt §ector. This fact

'HasICréated iﬁterest in the poésibility:of:financing fesidential solar systems
through tax-exempfvmébhanisms.

~ One approach to the tax-exempt capital market’is thrbugh existing publicly
-owned utilities._ A widély cited éxamplevis;thé.gity of Santa Clara, California.
: The éity currently leaseé solar swimming-popl heatérs to fesidents-through its

(33)

water depaptmént.,'There afe-plans-to lease solar hot water heaters. The

usg‘of municipal'utilities;aé a'vehicie_for widespfead implementétion of solar
sysfems may be attractive where these,utilitieé have.establishéd serviée terri-
toriés and are in sound financial condition. If such‘inStitutidns must be.
established as a pfejcondition_for utility solar finance, then’major advantages
of utility finance, its security and convenieﬁcé; wiil be missing. |

Special bonding authorities méy also be used for access to the tax exempt
capital markét.» In California; the Stafe govenérment‘adminisfers_a‘pollutidn
antr01>Financing Authority which issues tax-exempt bondé to finance invest-
menﬁs ih pollution control; In the past, investor-owned utiitiies have used
| (34)

such funds to finance power plant.scrubbers. It has been suggested that

(4)

such an arrangement might be used for utility solar finance. It is not
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clear that such an afrangement wéuld qualify under the legislation.v Furfher¢
more,vin this'particular case, there are 1imits on the_amoﬁnt of capital
obtainable through this mechanism. ‘Tﬁe Authority'iS'legally capable of
floating $50 million per quarter. 1In the five years.since'its inception,

(34) If the roughly 400,000 electric

total funding has been about $270 million,
‘water heaters in California wére'replaced at a cost of $2,500 each,.the total
cépital requiremént would be about one billibn dollars. ThiS'ié almost four
'timeé the amount of.bonds issued. ‘At the maximum rate, it could be financed
over five yeafs, but.this would crowd out.any other'investment in pollution
’Control._' |
3.0 Economic Impacts of Solar Investment on Utilities

In this section a survey will be made of the various economic effects
utility investment in on~site sdlar will have on the utility company involved.
The diécussioﬁ will addresskbofh the planning process for new conventional
ufility’supply and the curreﬁt financial position of the utility'industfy.
Special consideration will be given to the role of federal tax preferencés.v
Relatively little attention will Be paid to the specific program features
identified in.Section.Z'in hopes of concentrating upon the fundamental choiées
"involved_in determining whether the utilities ought to play a role in solar
_énérgy finance. | | |
3.1 Internalization vs. Externalization

If regulated utilities are not allowed a role in onfsite solar finance,
‘ théy still will be impacted intermediafies as the residential solar market
develops. In a scenério where utilities are external to the solar market,
‘the‘main policy quéstioﬁs of interest center on the ability of the utility
to respond to that market development. The appropriate responses would involve

Zre—optimization of the utility supply plans to reflect the changed nature of

demand facing the utility.
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Literature analyzing the solar/utility interface is usually based on an
inplicif view of this adjnstment process. Bright and Davitian, for example,
’aesume in fheir‘study of solar back-up energy costs that all chenges in utility
demand caused by solar penetfation in the residential market are known with
certainty.(s), Therefore,rcosts can be-calculated by eomparing various runs of
5 utility optimization medel._ At fherother exfreme, Willey analyzes several

scenarios involving large scale eolar market development where the utility
| (35)

eitner capitalizes or ignores on-Site_soiar.» Tﬁisdstudy‘finds that utility
capitalization of soler results in lower utility costs than the case where the
' solar market develops and fhe utility makes no adjustment whatsoever.

It isrlikely that reality lies somewhere between nhe aseumptions of perfect
information and no adjustment‘precess_an'all. Another way ofdpntting_this is
that from the utility perspective uncertainty is inherent in'the planning pro-

- cess. If the utility is external to the solar market development process,
~then fhaf precess will compound the already_substantial demand uncertainties
facing_both.electric and gas‘utilties.' While utility planners are beginning
to recognize the need to treat forecasted demdnd growth probabilisticelly,(lg)_
the current state-of-the—art shows major-nnexplained structuralvdifferences
among ihe existing demand forecasting models}(361

-.Utility solar finance would help to make the solar market development
proce§s internal te.utility planning rather than external. In this case,
discriminatory.éolar rates would be. less likely to be proposed by utilities and
adopted by regulators. In fheory, an integrated utility planndng nrocess would
would cnoose among solér, conservation and eonventional technologies on an
unbiased economic basis. Thus, the utility would no longer have an incentive
to defend ité economic stake in lafge_supply projects whose demand would be

less expensively served by solar investment. Since internalization carries with

it the risk of monopoly action in the solar market, and the concurrent danger



-22-

. that technology would be retarded, some steps short of utility ownership deserve
consideration. These alternatives are discussed in Section 5;
3.2 .Electric‘Utility Financial Risk Profile

| Any propesal for ufility solar finance hust examine the impact ef such
schemes on the risk structure of the utility. For this assessment to be real-
istic, it'ie important to understand the current financial pesition of the
utility‘industry. By generai consensus, the outlook for electric utilitieslis

not'particularly good.(37)

The major factors contributing to the industry's
problems have been alluded to above. The cost, scale and construction time
required for major‘new-supply projects have been growing. -This has been coupled
‘with uhcertain demand growth that has lagged behind past expectations. The
interaction of cost escalation, long project lead times, and softening demand
haVe'combinedAto put a serious strain on electrievetility cash flow.(18)

From the:perspective-of the utiiity's financial stability and viablility,
inVestment in on-site solar involves a trade-off between technical risk and
the flexibility of small scale incrementalﬁshpply; In a fundamental way, on-
site solar.resembles nuclear andluﬁhx)genefation in that ali these technologies
arevsubstitutions of capital for cenVentional fuels. In a regulated industry,
such.substitutions are advantageous because theyvimmunize the:utilitst earn-
ings from the effects efbregulatery lag. The eurrent climate of rising marginal
costs.and persistent inflation tends to cause earnings attrition,becaﬁse utility
rates are typically setfen the basis of cost estimates that will turn out to
be less thaﬁ acutal costsr‘ Fixed costs are by nature not subject to iﬁfla-
~tion or escalation once the initial capital has been sunk. 1In a regulated
industry,‘the adjustment of variable costs to inflation and escalation will
always lag due to the administrative delays attendent en the rate making process.

The principal advantage of solar investment as a substitute of capital for fuel

is the small scale of each unit.
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. Nuclear generation_exhibits diseconomies_of scale that are reflected in
theIStandard financial ratios used to'evaluate a-utilityls corporate-crediti
Thevratlo of earnings to 1nterest payments measured in various ways,vindicates
. the extent to which a bond holder has assurance that he will be paid Bertschi
: has shown a systematic relationship among these ratios which distinguishes com-
vpanies bu1ld1ng nuclear plants from ‘those which have no nuclear construction. (3$)
”.The capital_requirements for a nculear plant are of such ahmagnitude and occur
- over such a Tong period>0f time, that a sever>Strain iS'placed upon the‘Credit
of their‘sponsors; Once construction is complete, this strain disappears and
'.the'financial stability of the utility improves.
| "Solar investments, whileICapital intensiVe; would be made in increments
that are more easily adjusted to the'financial»capability of the utility. This
:henefit_is magnified byithe short'lead:time inVOIVed invmost»solar residential
"applications. It is the.long construction and licensing_period for large scale
- projects which 1mposes the f1nanc1a1 strain. = Under the'most common regulatory
_‘procedures, the ut111ty w111 not earn a return on capital allocated to construc-
‘tion until the plant goes'into service. Although there are regulatory remedies
to the financial'lag induced by long'construction periods, these are not politi-
‘vcally popular in many const1tuenc1es ( 2

- It should be emphasized that the financial strains and risks of large
5scale'projects'get reflected in the capital market. One measure of the capi-
tal marketvrisk evaluation is the‘differential bondhyield onipublic‘utility |
"debt issues. Figure 1 shows a'time series of the bond yields and the yields
spread among utilities that are rated differently by Moody's Investor Services.

This figure prov1des a capsule financial history of the utility sector. It shows

that.during periods of macro-economic stress, the market risk premium as measured

(40

)
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by.the spread between high and lower ratedvbonds, is larger.than‘in economic
'growth perlods For thellast few years, studies haVe'also-shown a risk
premlum in the common equity market that is linked to the magnltude of ‘construc-
-‘tlon act1v1ty (41 43) |
| In prlnC1p1e; soiar investment could be expected to mitigate'the risk of
ut111ty 1nvestment in’ large scale pro;ects, at least to some degree. .Prelim-

(22) But without

inary conceptual ana1y51s suggests that ‘this would be the case.
substantlally more experience w1th w1despread use of re51dent1aldsolar_technology,
it isfnot'poseible to_dismiss the technical risk and,nncertainty‘associeted,with
“any relatively unconventional technoiogy. Therefore;‘as a practicalimatter,

any utiiity soiar finance program ought to‘start‘at a relatively small scale

and grow 1arger as more exPerlence on performance is developed Although, in
pr1nc1p1e utilities: ought to be able to provide maintenance services for

~solar 1nvestments, it mlght be more desirable that these costs be borne by parti-
cipantsain_mtility finance programs.v‘Such a treatment of maintenance expenses-
would tend to*minimize’the technical risk of the program to the ntility. Again,
.ﬁorevactual‘éxperience Wiil indicate the dimeneiOns of this potential problem.

' 3.3 Federal Tax Effects - Excess ITC

The roie of‘federal corporate income taxeshin determining a‘utility's cost

- of cap1ta1 was 1nd1cated in Table 3. The nominal'income tax rate-of 46 percent,
:however, is. usually offset by tax preferences assoc1ated with cap1ta1 invest-
ment vThe two maJor tax 1ncentrves for utility investment areveccelerated
»depreciation.and investment tax credit} Given the size of current electric

- utility.cepital‘programs; the effective tax rate forvutilties rangesvfrom'O to

20 percent (44)

This-effective rate ‘would be even lower on'average if it were
not for a-11m1tation on use of ITC. In both the tax revision laws of 1975 and

1978, explicit limitations were piaced:on the use of ITC to offset tax obliga-
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»tion.  These lihitS'véfy from year to year, going from 70.pércent in i979 to
80 percent in 1981, and 90 percent in‘1982.€45) The importahce of this limita-
tion is that many utiiities are curfently in-the aﬁomalous'position of having
substantial ITC carry-forward bélances that_cannot bevused.(46) The cpﬁstraint
which creates this is the inability of the utiiity to generate sufficient
income fo_absorb thé credifs. The importance of this effect is that if can
. create a de facto tax credit for utility:solar finance. - Such a program, or
4 indeea‘any progrém which generates revenue will tapture some of the excess ITC.
This will 1ower:the inciemental tax rate on such programs in a significant way.
It isvinstructive to examine a little data on excess ITC. 1In one recent

survey of.45 investor-oWned utilities, 22 pefcent_were_found to have ITC -carry-

forward balahces_which average $18-million.(47)

- It is not surprising that
Pacific Power and Light Company has an ITC carry—forwérd-of considerable propor-
tion. According to it5'197é Annual'Rgport'to the California PUC, PPL had about
$12-million'excess ITC. it is uhlikely that this balance will decline. This

is due to thé‘mégnitﬁde of'PP&L's coﬁstruction program. Over the next seven
~ years (1979-1985), PP&L's capital budget for generation and transmission projects

(48)

alone is estimated at $1.7 billion. This will generate approximately $l70

million in ITC.. The average ITC over this period woﬁld be $24.4 million per
year. vIn 1978, PP&L used a little over $21 million‘ITC to offset income taxes.(49)
Considering that additional ITCViS-likely to be generatéd.by investment in dis-
tribution plant, PP&EL can reasonably look.forward to .a positive ITC carry-forward
balance into the mid-1980's.

The effect of utilizing excess ITC on thé incremental cost of capital can
be seen. by re-calculating the taximultipiiers used in Table 3. For illustfative
vpurposes, let us assume that the average ITC utilization limitation is 80 pefcent.

Table 4 retraces Table 3 calculation of marginal tax rate and pre-tax cost of

capital.



~ Table 4

Effect of Unutilized ITC on
Marginal Cost of Capital .

A. Tax-Multiplier
i. Reduce Income by State Income Tax Rate = 9
100 =9 = 91%

2. ‘Calculate Federal Tax at 465%

3. 'Net Out ITC up t6'80%‘.‘
i»tl.f~;80)'x 41.86% = 8.37%
‘41».Add Back State Income Tax = 8.37% = 9%
“ =17.37%
marginalxtaxbraté

___1‘_.___.__ '
1 - .1737

5. Tak Multiplier =
L= 1.21
B. Pre-Tax Cost‘of Capitai:' Standard Case

Incremental Weighted

. Tax

Pre-Tax Cost

. Ratio | Cost __Cost -~ Multiplier of Capital
Debt . 50% - 9.5% = 4.75% 1.0 4.75%
Preferred Stock 10% ~  9.5% © 0.95% 1.21 ©1.15%
Common Equity  40% 14.05 5.6 % 1.21 6.78%
| - | '11.30% - 12.68%
C. Pre-Tax Cost of Capital: Leveraged Subsidiary

Debt  80% 19.5% 7.60 1.0 7.60
‘Equity  20%  14.0% 2.80 1.21 3.39

| o 10.99

10.40
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. The calculations in Table 4 show that the impact of eXcess ITC'on_the eost
_Qf capitelris Ierge. In the case of a standard eapitai structure, the effective
coét goes from 18.11 percent to i2,68 percent. For a leveraged subsidiary, fhe
cost goes from 13.31 percent to 10.9§_percent; |

Thus; while the phenomenon of excess ITC has significant implications for
utilityveolar finance;.it is not partieﬁiarly clear why some ﬁtilities have
signifieant ITC carry-forward baiences and others do not. The most likely
» explanation of the variation among utilities in this regard is the different
state regulatroy'treatment of»construction.expenditures aﬁd tax preferences.
In Seetion 7 a more systematic investigatibn of the relation between regulatory
'practiees and ITC carry-forward is conducted. |
4.0 Economic Impacts of Utility Solar Finance on Customers
Ufility soiar:finahee raises a variety of issﬁes regardiné'the equal

treatment of partieipahts in .such programsras'opposed to'non-participanté. To
make programé attractive to customers, utilities will make indueements whose
coéts.may or ﬁay not be justified. .There are realtively Straightforward tests
which may be.applied to'assese the equity among'utiiity customer classes of
solar incentives. The issue becomes‘more cempiicated when‘the incentives.of a
utility soler finance program interact with other incentives such as tax credits.
'Here the remedy for inequify is 1essvtransparent. Finally, there is a range of
economic equity questieﬁs arieing from the reeognition that utility solar |
finance may not be seciety's'least cost alternative. The social COétvperspec-
tive is exp1ored in detail in Section 5. | | |
4.1 NonePerticiﬁant Break-Even Requirement

| ‘Ufility investment in end-use efficiency differs fundamentally from invest-
ment in centralized'supply because the benefits of the former have more uhequal

incidence than those of the latter. In principle, no single class of customers

v .
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: would benefit more fromvavnew_powér:plant than any other élass. In practicév
'théfe may be rate-making devices whicﬁ distort the'benefits'ofvnew investment
to favorbone class;(so) but thére is nothing inherently unequal about fhe |
distribution of benefits. Where énd—uséAefficiency is.concerned, howevef, the
benefits tb participants”are immediate and substantia1 in the form of reduced
consumption and lower utility bills. The non-participant receives the indirect
benefit of decreased requirement'fdr,ﬁew high cbstvsupply projecté. Not only
is:this‘less tangible than a redﬁced utility bill, but it is possible that non-
pértiqipants could bear an increasing share of utility revenue requirements.
This would meah that’fheif average cost of energy.was'higher because the total
revenue collectéd fromﬂparticipant§ had diminished. ‘

To avoid this potential inequity, a bound can be derived‘on the incentive
to paificipants which will avoid.increaéing thé éverage céét of‘enefgy ﬁo'non_
participants. Essentialiy fhe appropriate incentive should be the difference
‘ betweén maiginal and average unit energy costs times the amount Qf energy dis-
' placed by conservation or solar invéstment. This incentive can be implemented

(51) Alterna-

through rate structureS'in the case of no utility solér finance.
tively, thé critérion can be uséd to set cost goals for a utility capitaliza-
'tidn program for‘énd-use_substitution investments. This is exactly the approach
- of Pacific Power and Light. Company. :

A formalrderiviation df tﬁe bréaerven cost for non-participants is given
(52)

‘below. The presentation follows a simple model used by PPgL.

Let G

initial consumption of non—partiéipants
C = initial Eggg}!consumption'
I = marginal cosf of supply/kwh

" g = annual growth rate |
x = cost of conservation (or_solar)/kwh

r = average cost of supply/kwh initially
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Assumption: All growth in load is. from non- part1c1pants in conservation program
(under conservation total consumptlon is constant before and after
conservation measures). : :

1. gC =:new load, supplied by plant at marginal cost

non-participant revenue requlrements = proportional share of total ‘dollar
‘requirements '

Initial non-participants consumption +
New load of non-participants
new total load

proportion =

total dollar requirements = rC + I (gC)
' . , |G + gC ’
non-participants' share of revenue = E*:—EE rC + IgCl -
2. gC = neweload, "supplied'" by conservation |

In this case, the proportion of total‘supply'used by non-participants

increases
. G+ gC . e . :
proportion = —=—=— -- only '"C'" because there is no new

v ¢ supply for the system overall

total dollar requirements'='+fC + x(gC)+

(initial) + (amount)
(rate)

non-participants' share of revenue'=Ei%%gé] Eif+ ng]

3. If revenue from non-participants is to be the same under the conservation
' approach as under new supply (at marginal cost) approach, then:

] e beed
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then xg¢ g—-:——g—gz] E‘(Z + Ig%] .
44
*® I:l+g [r ' Ig]

__r+ 1g - r(1+g)
Xg = 1+g‘ -

(I -r1g
1+g

if ge<1

| I-1r= diffefehce betweenimarginal cost and average

cost (initial)

4.2 Inieraction of Utility Solar Finance with bther Solar Iﬁcentiyes

A number éf incentives fof develOpmeﬁt of the residential solar market
cd?rently.exist_or are préposed. ‘Where thesé‘simply,compete with utility solar
finance, there is no particulaf policy problem. Society may wish to favor one
kind. of finanéing over another, but there is nothing extraneous which cdmpli— |
'cates.the choiée. 'Otherbincéntivesvwill intéract economically with utility
' solar flnance and thls creates pollcy compllcatlons The main difficulty occurs
' w1th Federal Income Tax Credlts for 1nd1v1duals Before exploring this case,
it 1s-conven1ent to take.up a less d1ff1cu1t case, the interaction of utility
.’raté,reform With‘utility'solar finance.

The PuBlic Utility Reédlatory Pdliciés‘Act>(PURPA) mandated the exp1icit
éﬁalysié of electric utility rate reform by state regulatory cqmmiSsions.” Such
reforms might héve an explicit or implicit incentive effect upon the residen-

tial solar market. For example,'time—of—déy_rates based on existing or projected
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daily cost variations could favor residénfial solar applications for hot water
heating in a summer peaking utility. A cost study of this froblem which con-
sidered the solar alternaﬁive explicitly would, in all likelihood, come up
with é solar iﬁcentive that would be more attractive than the implicit incen-
tive which would result froﬁ no solar analysisvat all. For example, a recent
study‘of this problem concluded that discounts to solar users wére appfopriate

(51)

if limited to the difference between marginal and average COSts. Since this
~is the same critgrion underlying the PP&L zero-interest loan program, it would
be unféir to allow both the discount and the favorable financing. This would
‘be the same as giving the justifiable subsidy twice. In principle, such diffi-
culties are avoidéble, since the utility is internalizing all costs and can be
expected to avoid excessive incentives. In practice, the possibility of
utility solar finance may Well complicate the procesé of rate reform under
PURPA. The appropriate assumptions for cost studies of rate reform dépend on
the policy‘toward ﬁtility solar fiﬁance; If thislis.changeable or unknown,

then the accuracy of rate feform.éost anéIySis becomes quéstionable. Resoiution
of such problems amounts to the formulatioh of conéistent stafe regulatory
policy. 1In principle; this is feasible.

The interaction of utilityvsolar finanée with the tax credit incentives is
mofe complex. The equity problem is simple to describe; it is excessive incen-
-fives; " The resolution is more difficult because thére is no institutional
framework for rationalizing and coordinating justifiable subsidies from the per-
specfive of utility costs with those justified'by soéial.costs. In practical
cases, it may turn out that the tax credit mechanism is literally being used
twice under utility solar finance. The excess ITC situation described in
Sécfion 3.3 turns out té be a significant determinant of costs in'the case anal-

‘yzed in Section 6. Thus, a partibipant in such a solar finance program would
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be eligible for both a zero 1nterest loan and substant1a1 state and federal tax
.credlts To avoid this double incentive, it has’ been proposed that the state
Qredit be signed over to the‘utility.(4) “This solution would have administra-
tive compléxities and doesn't realiy solve:the problem when excess utility ITC
is.involyed. ‘An alternative would be to terminate.taxvcredits for participants

in utility solar finance programsr
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5.0 Sociél Cost Analysis

| Evaluating the roie of utilitieé in soiar'energy preseﬁts'a‘curious'policy,
vdileﬁma.‘ The utilitieé themselveé'are wary of the solar markets it is novel,
ipolitically and perhaps economiéally risky, and‘alien‘to the.experience of
utility managers. Public interest groups -and antitrust expefﬁs‘have identified
numerous. ways in whiéﬁ'utility iﬁvolvemént,could'stunt the solar markét, unfairly
enrich utilities or waste customer resources. Thé National.Energy Conservation
Policy Act iﬁterposes legal obstacleé'té utility.financing'or ownership of solar
devices;: Yet government officials continue to look to utilities to promote
solar applications.  The reéson is siﬁple: ﬁo one else»iéldoing it successfully.
Despife the-increasingly_favoréble economic. case for solar:water heating and
 passive solar'spacé heating, market acceptance may lag years or decades behind
ecbnomié'rationality. The temptation:is strong to turn to the utilities for
 capita1,-operafing Subéidieé,'or expertisé and credibility in the energy market-
plaée. This secfion will outline some.of the difficulties with utility solar
-involvement and-outlinevsome'possible solutions.
Why Care? |

Developmeﬁt.of the'solar indﬁstry‘is not én end in itself, but a.méans to

objectives which are in a brbad.sénse economic. Reduction of dependence on
'_. fossil fueis, a$ mentioned bélow, has nafional security advantages which are

plausibly enormous, but'impossible to quantify. But despite the'existence of

thlS potentlally overwhelmlng value for all forms of non- f05511 energy, it is
worthwhlle brlefly to pursue a convent10na1 economic ana1y51s of the reasons

for elther government or ut111ty sub51d1es to solar energy. Starting from the
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economic assumption that any'subsidy reﬁuires justificafion, we.can.identify.
the vérying kinds of market imperfe@tions which afféct the solar industry and
examihe the rémedies,théy imply. |

At the outéef, it ié worth diétinguishing bétweén the cbncepts of social
cost or benefit and privafe cost or benefit. ‘The "social benefit" of a utility
solar program is measufed by the total savings to society from the introduction
of the solarvprogfam,_compared to the-éost of the likely alternative. The
'pfivate behefit to the utility can be measured in terms of increased utility
profits, likely increases in the price of the utiiity'common'stock, or some
" other meésure thought t§ fepresent'the goal of utility managers. The private
benefit to the homeowner (or other user of solar equipment) is measured by the
difference between the cost of the solar equipment and the expected deérease in
“utility bills. Since the decrease in bills wili take placelover_timé, these
‘homeowner benefits must be meésured.in terms of the '"present value” of the
future savings.

“An analysis of the cost of.utility finance can serve as an illustration of
‘the difference bétween these pefspectives. Utilities, as indicated earlier
have a leés iéveraged capital structure than banks — that is, their proportion
of equity to debt is higher, and the resulting éost of capital to the utility
may also be'higher.* But the ability of banks.to rely on back-up from the
féderal government suggests that the social cost of bank capital is distorted

by these explicit and implicit government guarantees.

* In theory, the cost of capital to a firm should be independent of its debt-
equity ratio if there were no distortions due to tax treatment of dividends
and interest, and if there were no transactions in costs in the event of bank-

"ruptcy (the Modigliana-Miller theorem). In practice, tax distortions (the
fact that interest is deductible, whereas dividends are not) probably lead to’
an optimal capital structure strongly weighted toward debt.
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~ 5.1 Market Imperfections

5.1.1 Externalities

(a) National Economic Interest in Dlver51f1ed Energy Supply and Reduced 0il
- Dependence :

Even. if solar'energy prices were expected to remain ébcve the cost of an
.equlvalent amount of 1mported 011 the soc1a1 value of solar energy might
_Substantlally exceed its worth to the 1nd1v1dual customers The true social
-coSt’ef oil imports exceeds even expected sharp increases in prices, since
.society.must pay for uncertainty aboUt the timing and extent ef those increases
and‘for their effect on inflation, GNP and unemployment. . Thus,.for example,
Data Resources Incorporated estimated.in 1979 “that e-$5.00/barre1 increase on
the pfiCe of QPEC 0il would raise inflation by 2.5 percent and lower GNP by
’,an eqninalent percentage. Hence, the approximately §$18 billion direct effect
would-be.tfanslated inte a $50 billion loss in GNP. A_similar calculation in
‘a New York Times editorial led to an estimate of $100/barre1_as_the true social
cost of evbarrel-of imported oil; -This cost is not borne by.the utiiity or busi-
nesses choesing between oil (or oil—generated electricity) and non-fossil energy.

| Apart from the short-run risks to the economy of abrupt oil price hikes,.
there are risks of depression, inflation,‘secial disruption, and war associated
with'anxiety over‘tne shortage of fossil.fuels in general and liquid fuels in
particulai.v While synthetic coal processes could eventually meet U‘Sf energy
needs, the’probiems of cost, lead-time and environmental hazerd'are‘so substan-
tial that the development'of substitues.mayvhave a value vastly exceeding even
‘vthe projected cost of oil imports. | |
(b) Pollution |

.Anothef externality in solar energy use is its replacement of high-polluting
fossil fuels; Properly, these costs should be measured against an estimate of

- the averted pollution damages, but damage estimates are exceedingly imprecise:
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‘a Resources for the Future study of the 1977 National Energy Plén, for example,
surveyéd damage estimates for the amount of genération of electricity by coal
called for in thé Plan. Estimétes of air—poilution related deéths ranged from
near zero to>6,000; fhe.range-for non—fatal'diseases was between 10,000 and
~one million.*

In the abscnce of reliable damage estimates, we can substitute as a
measurement.of air pollution costs the amount of money that society is prepared
‘to pay to reduce pollution. The_U.S. Environmental Protection Agency estimates
that the electric utilitiés industry spentv$6 billion for air pollution abate-
ment in 1978, of which $4.5 billion was spent in résponse to federal legisla-
tion. These amounts are 1ike1y to rise substantially as the requirements of
the Cleaﬁ Air Act be;ome more stringent (e.g., the requiremenf for scrubber
installation on coal-fired power plants and the increasing shift to desulphur-
ized fuel o0il). ;In additionvto these direct expenses, society 5ears the'eéonomic
cost of the law's reétrictions of growth of ﬁéjor industrial polluters in both
- clean and dirty areas of the nation. | | |

The production of some kinds‘ofvsolar equipment, forvexamplé, copperAtubing
or plastic colléctors, itsglf involves Substantial pollution. A full ecdnomic
analysis of solar (which, to our knowledge, has not been undertaken) would
estimate both envirqnmentél costs aﬁd benefits.

5.1.2 Price Distortions

(a) 'Avérage Cost Pricing
The rates utilities charge to their customers are based on historical

averageVCOSts, which reflect the actual cost of investment and of raising debt

*William Ramsay, Unpaid Costs of Electrical Ehergy (Resources for the Future,
1979). ' :
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capital and preferred equity; Efficient resource use would‘require pricing to
. be based on incremental costs, the cost of newrsuppliesvand currently raised

’ =

capitai. In a period of rapid inflation, incremental utility costs are likely
to'exceed average'cCSts by a'wide margih. For example, Pacific Gas and Elec-
tric Company estimates its incremental‘costs af about 7.5 cents.per kilowatt
hour and its average costs at 3.8 cents..‘Since cuetomers will base their
inveStmenf decisions on arerage cost rates, they are‘iikelyvtovunder-invest in

solar or other conservation devices. -

' (b) Lack of Time-of-Day Pricing

The costs of proViding electric‘utility service vary radically according
to.thevseason and time of day.\ A T.V.A, study, for example, estimated a ratio
of'2f6vto 1 between'SYStem costs of_electricitY‘in peak.versus offpeak summer
hours. The‘stﬁdy found a highvcoincidence‘of water heater load with the system
peak. Twc‘conclusicns follow: 'solar installations can.save money for the
entire'system by reducihg peak'loadj_other peak-shifting devices»(such.as timing
equipment costing $250—$300)vcomeined with time-of=day rates might be comparably
or even moreé cost-effective than solar.. Indeed, T.V.A. found that the system
savings due to solar‘were almost entirely accounted fcr.by the capacity rather
‘energy reduction. |

Other systems with different'lcad characteristics and generating-planf
wouldihave different coetvcomparisons, eoﬁe of which‘mighf make.solar even more
attractive compared to conventional generation and superror to load-shifting
devices. Fcr.example, We can use’the VEPCO estimates of;typiéally-daily load
patterns:for unconcrolled water heating to illustrate the difference between
._the T.V.A. end the Long‘Island‘Lighfihg (LiLCO) systems. Under TVA's hypoe
itheticallpeak-offfpeak pricing-system,vapproximately'78 percent of water heating

is coincident with peak periods. The LILCO tarifff distinguishes between peak,
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intermediafe, and off-peak. Eieven percent of water heating would_be.charggd
peak'rates; while 64 percent would fali iﬁ the'intermediate rénge; But the
LiLCd's system shows greater timé-ofrday differenbe; in energy.charges than
does TVA's. An average kilowatt hour éliﬁinated through solar ﬁsage would save
5.3 cents, versus 1.52 cents fdr a load shifting aevice which did not reduée
energy Consumption.* | |
5.1.3' Poof.Information and Unceftéinties about the Reliability of Solar Systems
These harket shortcomings'are symptomatic both of a réal'social cost (of
providing informafion or insuring against unreliability) énd of the immature
developmént of institutions which.could reduce that cost (such as joint warréﬁty
funds or government testing services).
5.1.4 Customer Aversion to Making Choices Based én Lifecycle Costs
Studies of the solar industry'invariably identify the,industryﬁs major
markéting problem as the reluctance of consumers to make a 1érge front-end invest-
menf in energy-saving devices. In economiét's tefms, this reluctance may be due
to: a) poor information or uncertainty about the performance of the solar device
.(sée below) ; b) aversioﬁ fo taking the risk invoived in a long-term investﬁént;
c) ihability or inaccurécy_in predictioh 6f future enérgy or solar costs;
d) irrationélity. This last is a difficﬁlt category to identify:  is the family
‘'who does not want‘to be the first on their block to buy a '"'solar gizmo'" being

“irrational or prudent?

*VEPCO study cited in Tennessee Valley Authority, Update of July 17, 1978, Study
to Evaluate Power Credit for Solar Water Heating" (xeroxed; Solar Applications
Branch, 426 United Bank Building, Chattanooga, Tenn. 37401). The LILCO tariff is
cited in Ernest Habicht, "Electric Utilities and Solar Energy: Competition,
Ownership, Subsidies § Prices,' in The Solar Market, Proceedings of the Symposium

-on Competition in.the Solar Energy Industry, Bureau of Competition, Federal Trade
Commission, 1978 (p. 236). :
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The cuStomer'é'risk aversion'or uncertainties bf prédiction ﬁay represent
both- genuine sécial costs ahd,.in_part, avoidable market failures. Economists
“have extensively debated_Whether governmental investment decisions should Be
based on a less cautious eValﬁaﬁion of the costs of.risk;bearing, and a greater
willingness to invest now for_futurévreturns,-than the investments of the
privéte ecqnomy. There is sbme‘consensué that society should be,willing'to
accept higher fisk and a lower payoff, because it can diversify risksvécrossra
variety of projects aﬁd-(morg_controversiallY) because it should reflect a
véoliective commitment to future generations which indiviauai investment deci-
sions do not. - This argument would jﬁstify éﬁ across-the-boérd subsidy for
all investments. As applied to a'specific investment; such as’ solar energy,:

" the decisive questions,concern:; a) the likely risk aﬁd social rate of return
: (faking into account_gxternalitiés and the:other markef imperfections identified
here); b)-aﬁ&ithe‘ébility of the government {directly through publié expenditures
or indirectly_through,peréonal_tax:creditsbor inqehtives for utilities) to make
~ -more prudent investment choiceé than the private market; c)van overall budget
cdnStraint on the government, forcing choices améng investment projects, all..
of thch have highef returns than the ”appropriate"_lével.as-described abéve.

At present, it might seem that the budget constraint would be the over;

: riding considefation.in ?iéw of the "tax revolt." But energy is a spe;ial case,
and if is pfdbably best to viewvsoiar»inVestﬁent By the'federal government as

‘a competitor with other major energy supply projects rather than with thé
.budget as a whole. Similérly, a-government program of incéntivesfto encourage
utility solar investment should be anaiyzed in comparison with other possible

utility inVestments (including conservation options}).
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5.1.5 Traditional'"Infant Industry Conditions in the Solar Market
| Although solar water heating was used in the United States during the 1930'5,
the disappearance of the 1ndustry for three decades and its reemergence in a
context of new technology and high uncertainty may qualify solar as a twice—born
"infant industry.'" Certainly, passive solar.housing has credentials for the crib.
‘HOWever, the argument for aiding "infant industries,' properly stated, involves
proving more than.their immaturity. The usual rate—of—return investment cri-
terion_applies: w111 the 1ncreased productivity in later years justify the
extra investment now? For solar water heating, the argument could be based on
(rather oncertain) economies ofgscale in manufacturing, induced technological
ohange from.a greater aesured market, or.more rapid development»of a contract-
ing and manufacturing industry whose warranties will command consumer confidence.
" -For paesive solar housing) the same arguments apply with additional force because
,.of greater promise for major technologioal change, the traditional sluggiehness
of the housing industry in financing or accepting teohnologieal changeiand
barriers due to lendinginstitutions and building codes; A question remains
whether subsidies are theoretically the most efficient way of overcoming these
barrierS' or, even if they are not,; whether they are necessary to build the
1ndustry up to suff1C1ent scale so that it can.overcome the remaining institu-
tional difficulties itself.
5.1.6 Distortions in Utility and Regulatory Incentives

We have proceeded thus far on the premise that the appropriate inrestor in
solar equipment would be the dwelling owner, absent some market imperfection
calling for utility or government involvement. »Bot one ought to begin with a
netrual assumption concerning utilityninvestment; Utilities have a franchise
| togsuoply energy; most statee have at least some_combinedigasvand electric
.utilities, so there is no general principlé confining utilities to one form of

energy. 1In the past, utility regulators have approved utility promotion pro-



-45-

vgrams involving rebates on gas.ahd electrie appiiances. 'Thus, tﬁere is no
' obv1ous ‘incongruity in ut111t1es undertaklng to supply solar energy. There
are, to be sure, 1mportant antltrust and 1ncent1ve arguments agalnst some kinds
- of ut111ty 1nvolvement : ut111t1es are regulated as natural monopolles; the
provision of solar energy is notha natural monepqu;vcomplicatiods resultefrbm
joining tﬁe two activities‘under a single cofporate and regulatofy scheme.
Nonetheless, it is worthwh1le to ask whether ut111ty 1nvolvement is blocked by
ﬂfthe equlvalent of market 1mperfect10ns as well as by legal or pub11c policy
“con51deret10ns (see dlscusslon below), The most ObVIOUS candldate for such an
imperfection is‘the atfitude of many ufilities toward selar and conservation
activityr 'For reasons which‘eombine an ehgineeiing eutlook profit incentives,
long-term concern over decentrallzed systems, ant1c1pat10n of publlc policy, and
51mp1e 1nert1a, most ut111t1es did not, on their own ;nltletlve, pursue cost-
effective conServation investments. As pressure from fegulatbry commissions and
"'tight'capital markets hae-increased, utility attitudes toward‘eonservatien have
begun toechange. A similar, slower transitien may be underway with respect to
solar energy. in the meantime,'utility disinteres; in solar may'Be Viewed as
a peculiarity'inlmafket Behavior ofvnot an'oﬁtright imperfection.‘
5.1.7 vTexes,_Subeidies and Regulated.Gas and 0il Prices.

ConventiohalVenergy sources have benefitted from major subsidies and tax’
incentives.* For oil and gas, the depletion and=iﬁtangib1e drilling'allowances
bevailable.in 1974 amounted to a'subsidy of 13 pereent of tﬁe market price (com-

pared with one perceht for coal and nothing .for hydroelectrie and nuclear power).

*See An Analysis of Federal Incentives Used to Stimulate Energy Production,
(Pacific Northwest Laboratories, PNL-2410) prepared for U.S. Department of
Energy, Assistant Secretary for Conservation and Solar Applications, Division
of Solar Applications. -
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Direct government devélopmént ekpenditures for ﬁuclear~power and thé_benefits“of
exemption from full liability insurance have amounted to billions of dollars;
tax exemption of public utilifies»(tﬁrough the investment tax credit and accel-
erated depreciation) have fﬁrther reduced the cost of'utility provided energy.
‘While some of these tax benefits have been modified, theif influence mayAstill
be effective through_utility in&eétment.in planf and eduipment chosen in response =
,to‘subsidized'prices.

Recently, Congress_has enacted a 20 percent taX’crédit for customer purchased
~solar devices.w P;ésident.Carter has proposed a multi—biliion.dollar public inﬁest—
mént in a Solér Bank. As of how, there are not studies available comparing the
total benefits from this credit wifh the>Subsidies»for other forms of energy.

5.2 The Utility Role | |

Some of tﬁeSe‘possible-mafket impérfections afe already, or ﬁight best be,

" addressed by government‘rathér.than by utilities. Governments are now providing
tax subsidies to consumers, testing laboratories,;and information and R§D pro-
grams; the proposed Solar.Bank would vastly increase availéblg funds for solar.
developmeﬁt. ‘Nonetheless, utility involvement,méy appear attractive for any of
severél feasons: | |

(i) GoVefnment subsidy pfbgrams may -involve centralized decision-making
on technology. :Enqoufaging.utilities to be pufchaéers of sblar technology, or.
cbnduits'fof indiﬁidual pﬁrchase, could be'désigned_to decehtralize decision-
méking. |

(2)‘ If the utility owned solar systeﬁs and if it were motivated to mini-
mize costs,'it wouldvchoose between solar and conventional technologies on the
‘basis of mafginai costs.

(3) The utility éan serve as a taxing mechanism to subsidiie solar tech-

nology, thus correcting the distortions introduced by average cost pricing.



-47-

For\example, the utiiity ceuld measure the difference between incrementél and
average cost,‘and provide that amount as a direct grant or a loan subsidyvto
solar. consumers.

(4) .As established, censeryative organizations, utilities have the ebility
and teputation for making decisionsvin fever of reiiable technology. .Thus; the
utility may have a role to piay in testing,of ceftifying solar equipment, super-
vising_contractors,'or experimenting with uarious forms ofbfinence,‘marketing-
“and Wanranties;- | |

(5) While utility customers who do net use soler should not_subsidize the
~ full social ualue of a national transition from fossil fuels, they might fairly
.be.esked to pay for the gains to the tuility itself»in reduced dependence on
vulenerabie energy sources. | |

(6) Utilities may enjoy ecbnenies of scale in risketaking in solar invest-
ment. R

vt7)"There.may be economies in'using utility employees to prdmote, market
or service solar installations.

(8) Utility investment‘or financing'of selaf technology may diversify the
ut111ty s risk and thus reduce the total cost of capltal to the utility.

In what follows, we shall f1rst give a general outline of the kinds of
roles available to utilitles'in solar development, and the types of pub11c
poldcy problems these present; Subsequent sections will discuss two key utility
solar strategles and conclude with suggestlons for public pollcy
- 5.2.1° P0551b1e K1nds of Utility Involvement.

The utility role in solar technolqu may include'any‘of a number of
activities: | |

(1) Ut111ty ownershlp of distributed solar installations (we are not con-

cerned here with large central 1nsta11at10ns which might be con51dered part of
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»the ﬁtility'sv“natural” monopoly).
| (2) Utility financing-of solar pufchases by customers.

(3) Utility subsidies through cash rebates.

(4) Mixed ownership, financing and subsidy schemes.

.(5) Main extenéion_alloWances;

In addition,.the»utility may be involved in research and deVeIOpment expen-
ditures,idemonstrathniprOjects, and marketing and promotion-aétivities. These
forms of utility activity do not pbse major regulatory difficultiés and will
not be discussed further in thi$>paper. |
5;2.2 Dangers of Utility Involvement

o (1)' Gold—plating{ Oné.theofy'of utility incentives holds that, if the
allowedirate of returﬁ on capital exceeds the return required by the market,
the utility will tend to make éxceséively captial-intensive investments. While
‘this theoretical incentivé may be inapplicable in a period of'capital tightness
and below-book prices for utility shares, utility bureaucracies may nonetheless
have a built—iﬁ bias for capital—intensive equipmeht.

(Zj Inexpert, biased or'inflexible decision—making:. utilites are, and
will continue for some time to be, dominated By persons trained in conventional
. energy technology and unused to direct mérket discipline in technology choice.
Décisions on‘the Kind and amount of solar investment mayvbe poorly . made by an
.organiiation with such an orientation. In pérticular, one mighf expect utili-
"' ties to be biased against passive solar technology (which would involve no
 separable, ownable piece of equipment). The danger might involve not merély a
short-term waste.of resources,vbut a lasting misdirection of the solar industry.
(3) Cross-subsidization - so 1qng as utility rates are set below the
Aprdfit-ﬁaximizing rate fof a monopolist, the utility might raise rates on its
mohopoly'services in order to subsidize its solar activities. The result would

be unfairly damaging to solar competitors.
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Even if the ut111ty d1d not.raise its general rates, it. might sub51dize
or unfalrly advantage its own solar act1v1t1es by diverting resources from its
other markets (such as management or marketing personnel), discriminating in its
repair services, or requesting rate structures which give an.advantage.to its
~own solar activities. | |
4) >Over-regu1ation.: In theory, vigilant regulationvcould‘protect against
aall these abuses; in practice, reguiatory agencies may‘be.inattentive,vover_

k worked, co-opted, or inadequately informedvto prevent'unfair-utility conduct.

eMore,serious,‘perhaps, is the-danger of»over-regulation. A'regulatory agency

which begins by policing utility solar conduct-may, over time:.exercise super-
visory powers over an increasing segment of the solar market.

- 5) Monopolization.' Concern that'utiiities might ”monopolize" the solar.
-1ndustry summarlzes many of the problems dlscussed above — cross-subsidization-
(giVing the ut111ty an unfair advantage over competitors), discouragement of -
innovation, regulatory protection. In addition, it evokes a famlliar (if con-
btroversial) theme of antitrustvdiscussion: that small suppliers or contractors
might be preciuded from competition even by ostensibly fair pricing and conduct
by utiiities._ | |
o Theseipossible.dangers are reflected not merely in public policy discussions
on utility solarvinvolvement, but in antitrust questions which mightvrestrict
utility involvement. As the following section makes'clear, the issuesdoverlap
-substantialiyi
5.3 Antitrust'Issues'Concerning Utility‘InVOIvement

Since utilities are monopolies, their involvementbin other-markets raises
serious.antitrust_questions; Two issues are central to'analyzing possible
utility roles.in solar energy- (1) the effect of regulatory approval on the
legality of ut111ty conduct under the antitrust laws (2) ‘the antitrust policy
issues which should be considered in making the_regulatory decision. In our

view, these issues are essentially identical.
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Before 1975, a federal antitrust challenge to the activities of a regulated

ut111ty had first to surmount a defense based on Parker v. Brown.* This 1943

.case establlshed a "state»actlonﬁ exempt10n~sh1eld1ng prlvate conduct from anti-
truet prosecution when the conduct was undertaken.pursuant to a‘state regulatory
scheme. The scope of regulatoiy immunity was never unlimited; and in a 1973 case
involving a federally reguléted ﬁtilify,’the Court upheld an antitrust action

against an electric power company's refusal to sell power to a municipal distribu-

tion company.** In 1975, the Supreme Court began an intense process of challenge to

the Parker doctrine of state immunity;*** the 1976 cese of Cantor v. Detroit Edison
held that a utility practice‘of replaeingklight bulbs free of charge couid be
ehallenged under the‘antitrust laws, even though‘the practice had been followed
since 1890 and was paif of fhe original»fariff filed (and approved) by the state
regulafory eommisSion in 1916.?**f.fhe,Coert_noted thet'the practice was never
specifically approved by the ageney, and that such passive, non—confemporary
approval'did,not justify a '"'state actioﬁ” exemptioﬁ. Perhaps ‘liberated by the
decision in Canror, coufts began_finding-utility pricingepractices vulneréble
to antitrust attack when they matched conduct which in an unregulated centext
would be termed ”predatory;"**g**

In recent years, the Supreme Court has pulled back from the possible impli-

cations of Cantor. Sbelong as the action of a state ageﬁcy is within the

*317 U.S. 341 (1943).

**Otter Tail Power v. United States, 410 U.S. 366 (1973). See discussion in
Klebber, Draft Paper on Utility Solar Act1v1t1es and Antitrust Law for California
Public Utilities Commission.

***Goldfarb v. Virginia State Bar, 421 U.S. 773 (1975).

#***Cantor v. Detroit Edison, 428 U.S. 579 (1976).

*****ch v. Conway, 426 U.S. 271 (1976) and City of Mishawaka v. Indiana § Michigan
Elec. -560 F. 2d 1314 (7th Cir. 1977, cert. denied 436 U.S. 922 (1978). See
Klebber pp 11-12. ' :
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' scopc of its legiélativély—granted authority'and:forms part of a scheme of regu-
latibn, the cases say that antitrust immunity applies. Indeed, rather than
deéide challenges to state economic regulation under.the énfitrust 1aws, the
Court has chosen to imventbFirst Amendment - doctrine and.perform its econdmic
analysis under that rubrié.*

For the pumposes of.eVaiuating a‘ﬁropbsed utiiity solér program, it is not
necessary to attempt a precise’formulation'of the current state‘of the Parker
~v. Brown rule. Instead, a conservative‘approach'would assume that the regula-
tory program itself should serve the eConomic_goal of antitruSt-—competitive
-efficiency--in all éreas wherevthe regulated fmrm's monopoly is not inevitable.
In some jurisdictioms,'regulatory agencies are required by law to take antitrust
cdnéidefations into‘agcouht in relevant ufility_proceedings; California, for
example, has'adopted suchba-rule invgeneral by court decision, and by statute
:specifically orders the Public Utiiities'Commission in its regulation of utility
‘solar frégrams to "ensure that the solar industry is'compétitive and free from
the potentiél dominance.of.regﬁlated eleétrical and gas corporations." Federal
:decisions have long held that regulatory agencies must attend to the antitrust
-conseqﬁences of their decisions. The required accommodation to anfitrust émnsid-
_erations ié not, in general, dictated by thé formal doctrines of antitrust cases
but,by the general goals of the law and the kinds of economic reaéoning devel-
oped in the cases.

Applying this principlé to utilify involvement in solar enterprise, we cam‘
identify tmo basic policyvquestions concefning utilify involvement in solar
'energy: (1) How should the utility and the customer shére in the ownership of the
'installatipn? (2) What degree of subsidy'should be provided by_the utility to the
user? | |

*Friedman v. Rogers, U.S. (1979).
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5.4 Policy Questions
5.4.1 Utility and Customer Ownership Options

1. Utility Ownership under Regulatory Supervision

The economic case for utility ownership is significantly based on lowering
risk to the utility by purchasing 'modular' solar equipment rather than large-
scale conventional technologies. The '"modularity" of solar installations can
reduce risk in fwo different ways. First, the chance of failure of an entire
installation can be borne easily because the cost per inétallation is small.
Second, the developing nature of solaf_téchnology may providé the utility with
aﬁ opportunity to diversify its risks across different types of devices, either
éimultaneously or over time. To be sure; this diversification ‘is likely to'have.
a cost. The purchasiﬁg utility may have to accept higher bids, lower performance
standards, or less adequate proof of reliability in order to achieve diversifica-
tion.

In a profit-maximizing firm, we could theoretically rely uﬁon internal
incentives to assure a proper tradeoff between the costs and benefits of diver-
sification. But the profif incentiveé_for a regﬁlated firm.offerrno such guar-
antee. As discussed above, ste economic theories would lead to a prediction |
that utilities would ""gold-plate" their equipment purchases. But apart from
this supposed incentive toward capital 0verinvestment; utilities may be unduly
conservative and inflexible'intheif choice of solar technology. The business
is new to them; the political, if not economic, costs of failure are high;
incentives are strong to choose the system which appears to be the best under-
stood, even if its cost is high or its technology is becoming obsolete. |

If this conjecture is correct, a fegulatory commission has five options.
It may decline to second-guess utility managément; it may reserve the right to
' approve the utility's choice of equipment; it may establish its own criteria

for utility purchases; it may require the utility to operate through a separate
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suBsidiary; or it'may cdnfine ehe utility to a role (such‘es financing; subsidizing,
or exclusion) which vests the right of teehnblogy eheice-in the'custOmep rather.
.than the utility; The middle choices-einvoiving utility'decision¥making under
eriteria”set by the feghlatofy_commisSidﬁ—-may,be successful in curbing the

extent of utility,bias;'buf‘they mighf,also aggravafe the delay and caution
_.iﬁhereﬁt in utility ownership of eQuipmeﬁt{ The last two choices have properly
beeﬁ the foeus of atfention.‘ | |

2. Ut111ty Ownershlp,through Sepa: arate Sub51d1ar1es :

‘To avoid the dlfflcultles and perverse incentives of utility ownership, many
'have.advocated that utility selar activities take place through a separate sub-
“sidiary. 1In regulatory‘practice, such subsidiaries are not directly subject to
rete, entfy, and'ﬁriee coﬁtiol. Instead, the regulator's_concern is-confined to
' fransactiens between theeregulated entity and its unregulated subsidiary or
. affiliate.‘.Tﬁus,'for example, the price cherged by a subsidiary to ite parent
may bevreduced if it is above fair merket value. . In situations where fair market
Vaiue eennot be established the regulator may (as the‘Caiifornia Public Utili-

_t1es Comm1551on has done with respect to major telephone compan1es) impute a

. maximum rate of return to the manufacturlng company and disallow amounts paid

by_the_parent'which would result in higher rate of return for the subsidiary.

‘ Apartvfrom prices, the regulator will be concerned with the financial status of
the subsidiary and its implications for the parent company; with the method of
accounting for'goods and services which are-used jointly by the two companies;
and with any payments for good will, pateﬁt or know-how licensing, or general

~management. |

In the eéée of a solar.subSidiary of a uitlity,'the,accdunting.difficulties
may not be severe.: The utility might undercharge the subsidiary for general
management services; but ofhefwise'there would be little overlap in the activ-

ities of the two organizations. The substantial question is whether there is
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any signifiéantbsocial gain, or anti-competitive difficulty, resulting from a
' trﬁly.arms—length relafionéhip between the‘utility and the subéidiary. At one
éifreme, it isbpoésible to imagine a solar subsidiary which did not in any way
trédé on the'reputation, service force, 6r financial power of the pafent utility.
‘This'kind of subSidiary would repfesent merély an invgstment by the utility. The
public wQula'gain the entry of a new compétitior in the solar;markef, and would.
risk dnly the possibility'that»the parent utility's facility planning and rate
proposals would be designed to maximize profits for the sﬁbsidiary. This result,
at worst, would amount to a modest; conceaied subsidy for solar facilities, and
fwould pfoVide an opportunityﬂfor_discriminafion against competitors. While these
risks are plau$ib1e, their impbrtanée may not bé great. Accountants for the
‘ regulatory commission, and‘pofential pléntiffé' antitrust lawyers, could detect
major unreported diversioﬁsvofumanagement’personnel to the solar subsidiary.
While there ié littlefipriori‘reason to expect substantial social gain from
tﬁe estabiishmentAof arms—lenéth utility solar subsidiaries, there is similarly.
hé-strong réason to preclude_an experiment. In a few cases, utility management
has been higﬂly motivated to inQest in and ﬁromote éolar,installatioﬁs. A five-
year authbrization from the regulatory commission, especially if aécompaniédvby
a non-discfiminatory:subsidy program, would ailow opportunity.for evaluation and
competitidn, ‘ | |

Anti4compétitive dangers. If the utility role is limited to subsidizing

énd financing.solar installations, the anti—compétitive dangers seem minimal.
Th§.0n1y>"distqrtidhs" which might be iﬁtroduced by the subsidy would affect
alternate fuels. As we have érgued earlier, the price of fhose fuels has been
-and continue to be affected by major regulatory and tax subsidies. Even if

solar subsidies were raised to a level exceeding those for competing fuels, there
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wbuld.bé no basis for antitrust complaint. Subsidieé‘are so engrainéd'ih the
' system of regulation, and-ih the tax treatmenf of energy, that any 1égé1vinter—
vention on.antitrust'or efficiéﬁcy grounds would be'unmanégeabie.

If the ufility finahced solar installations, itvmigﬁt reduce competitive
'oppdrtunities for banks, savings and loans and other.finanqé institutions. Two
.theorieé ﬁight support an arguﬁent that the utility had an unfair_advantagef
its fihaﬁte termS'might include‘a”subsidy, or itvmight be thoﬁght to have
preferied access to customers throﬁgh biiling; convenience, or reputation..
These latter éonsiderations,involve some genuine economiés, and.should be defen-

sible By a regglatdry cémmissidn. In strict fairness, howéver;‘the utility migﬁt
be expeéted to offer subsidieé tﬁrough any financial iﬁstitution, not simply -
'through its own auspices. A reéulétbry commission shodid investigate the
administratiﬁe cost.and likely degree of participation by financial institutions
before rejecting this altefnative.. | | “

5.4;2 Tﬁe Degrée of Utiliiy Subsidy

Several criteria are possible for setting the rate:at which the utility
Shoﬁld subsidize solar.insfallétionS: |

(1) Thg-difference_betweeh the sociéi marginél cost of_solar and that of
alternatives. As discussed above, this differ¢nce-éould_be.quite large, espec-
iallf if a‘generous allbwance were made for the social.cost of imported oil. It
,séemsAunreasonable; and quite possibly illegal, to expect utility ratepayers to
' beér theée kinds of costs.

(2) The difference betwéen the.utility's‘marginal costs.for‘solar and
conventional pbwer. This criterion measures the gain to éll utility custémers
from solar.development. |

o A number of combiicétiohé arisg in calculating this difference; a typical

complexity involves prediction of future costs of alternate sources.
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Solar"installatidns-will save future fuel expenditures. These savings
fequire eStimating‘the future cost of fuel énd‘diSCOunting-it to present value..
If fuel costs éscalated»only at the general rate of inflation, this célculation
would pose no problem——the discount rate wéuld be set equal to the fuel escala-
tion rate plus some premium for the pure time value of money. This premium is
typically equal to 2 to 3 percent; éo'the margin of doubt wquld be small. But,
at the moment, it seems more likely that oil prices will rise significantly .
faster than the inflation rate than that they will fall in real terms. The
.production cost of coal (quite apart from owners' royalties) is likely to rise
‘rapidly if current plans for expanded production are carried out. Uranium costs
are a relatively small percentage of the cosf of.nuélear power, and may be reas-
onably stable in real terms. But the long.lead time for nuclear plants had made
nuclear power cost estimates as unreliable as those of oil fired plants.

(3) The difference between the utiltiy's averagé éost fof powér and the mar-
ginal cost of new conventional suppLy;This criterion, used in the Pacific Power
and Light programs, measures the gain which customers who do not benefit directly
from solar installations would receive from coétéreductioﬁ for the system as a
whole. It is a very stfingent criterion, and hot one applied to other forms of
utility investment. The process of regulation normally results in the setting of
rates according to broad categorieé--e.g., all residential users, or all such
users in a given geographical area. No further éttempt is made to distinguish
among useré who benefit from new equipmeﬁt or innovations and those who do not.
Finally, when direct subsidization of a certain end-use is deeméd desirable (for
example, promotion of gas or electric appliances during the 1950's and 1960's),
the cost has been borne by ratepayers as a whole without én attempt to protegt
existing ratepayers from any rate increase. A similar rule has applied to "main
line extensions''--extensions .of the utility plant to cover new or remote settle-
ment. A certain footage of extension has been allowed free of charge; the

rationale has been the utiltiy's duty to serve all of its customers.
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Legally, public utilities are bound not to discriminate against any

customer.e Here, as elsewhere in the law, the term ”discrimination”.refers
to an unreasonable elassifiCation, or one whose- basis involves prohibited

categories (such as race). If a utility ohose the second costfallocation cri-
terion rather than tne third, it could defend against any charge of discrimina-
tion on theifollowing bases{ (1) that the solar installation represented a
demonstration project, whose product had to be sold below cost in the same way
_that.would be true for an experiemental nuclear breeder or coal gasification '

plant; (2) that even if the scalerf solar investment exceeds that customary
- for demonstration_plants, theiinvestment could still be regarded as a'denonstra-
tionvof the econonic feasibility of.solar and-would benefit all ratepayers'by
promotlng better 1nformat10n and market development if solar, (3) that any
new 1nvestment is likely to produce some relative shlft in rates in favor of
. one or.more classes of customers (e.g., by geographical area)

5.5 Conc1u51on

There is both legal and economic justification for a. program of utility subsi-

dization‘of solar 1nsta11ations by customers; A sub51dy equal to the difference
.between the marginal cost of the next best supply alternative and either current
average costs or‘the marglnal cost of the solar equivalent would be efficient and
perm1351b1e. Direct utillty 1nvolvement beyond subsidization, requires some degree
of empirical inquiry. The least problematic utility activity-—financing purchases--
would require some investigation of financing alternatives through conventional
sources. Utility ownership of installations should be undertaken through a separate
'-subsidiary. "In general, the anti—competitive.risks of a utility solar sanidiary
iseem modest.v They are likelybto'be outweighed by efficiency'gains where the e
otility!s reputation, sales force, or incentive'structure isvpartieularly useful.

For example, retrofitting multi-family dwellings is an activity which may not be
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undertaken by the apartment owner when the uhite have individual meters; utility
involvement might be especially appropriate‘here. In eech case, the question
should be approached.through a regulatory evaluation of accpunting procedures,
'incentives, and competitive'ﬁarket structure.

6.0 A Case Study of Utility Solar Finance: Adapting the PP§L Plan to the
Pacific Gas and Electric Company

The Pac1flc Power and nght Company plan for cap1ta1121ng end-use conserva-
tion 1oand depends for its success upon several unique 01rcumstances The two
pr1nc1pa1 local condltlons wh1ch may not be generallzable are the w1despread
" use of electric heating in underfinsulated buildings and the presence of sub-
stantial hydro tesources. The first eondition offers a large and attractive
market for coneervation investment. ‘The second coﬁdition means that the differ—_
ence between marginal costvend averege cost is large. This is true because the
capital eostvof the hydro is largelybamortized and the running cost is negligible.
With e'large difference between mafginal and average.cost, more end-use censerva—
tion/substitution,is cost-effective.

In this case study the main features of the PPGL plan will be examined for
conditions representing the Pacific Gas § Electric Company (PG&E), a large
ihvestor-OWned utility operating in Northern California. This utility has
vproportionally 1ess»hydro than PP§L and a milder climate. vAlthough PPEL limits
its program to space heating efficiency investments, the method will be extended
here to'inciude solar hot water heating as well.

The case study proceeds in three maJor steps First, estimates of the long
Tun marg1na1 cost (LRMC) for residential space and water heating are developed
Secend, the cost of conservation for electric space heating and solar hot water
heating are estimated; After comparing these costs to the maximum allowable cost

under the marginal minus average cost criterion, it becomes clear that space
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‘heating efficiencyinyestments clearly qualify under_the:test. Solar hot water
-.heating, although less expensiye than the alternative LRMC, only qualifies in
certain cases.: Because there is con51derab1e uncertalnty concerning some of
vthe key economic varlables which determine solar performance it is not clear
that ut111ty capltalization-under the PP§L plan is Justified._‘A utility end-‘
.use investment_program incorporating both space heating efficiency'investments
cand solar hot.nater heating will pass the cost_effectiveness.test. - The speci-
fication of such a combined program/is'the third and'final element of the study.
" 6.1 Methodology for End-Use LRMC Ana1y51s

The purpose of thls section is to develop estimates of the marg1na1 cost
:ofyelectricity for particular end-uses. The analysis begins by focusing on the
cOal-fired power plant proposed by PGGE known as Fossil ‘1. This,800 MW unit is
considered a'generic representation of marginal supply costs for a utility which:
is substituting out of oil-fired generation. The capital costs for the plant
are estimated, 1nc1ud1ng best available control technology (BACT) for emissions,
and expressed in 1978 dollars. The.capltal cost is annualized using an appro-
priateifixed charge rate (FCR). Fuel costs are also expressed- in 1978 dollars
with an allowance made for potentialiescaiation in rail freight charges.

Capitalrand fuel costs are not the same as demand and energy costs.‘ Tech-
nologies such as coal, nuclear and hydro are essentially substitutions of capital
_for fnel. Therefore, some fraction of the capital.should he allocated to energy

and some to demand. This distinction is recognized in standard references such

as the NARUC Electric Utility Cost Allocation Manual, but no standard method is
recognized by the industry for making the allocation for individual plants. It
is perfectly natural, however, to approach the issue by'looking at demand-

related,capital from the persepective of system reliability.
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The ‘basic notion from'wnich'to_start is the effective capacity of a‘generating
unit; Thisvhas,been'defined‘in the planning literatuie,as the.amount of additional
peak load a'pOWer‘system‘can carry at the fixed reliability level wnen a new unit
‘is added. Due tofforced.outages, this will Be less than the rated capacityl For
large units such as Fossil l;'effective”capacity_will bevlowerthan for small
units,-since'more back—up is.needed when large units fail. If the effective cap-
: acity.of:a'unit is x;ewhere x is .expressed as a fraction of rated capacity, then-
the incremental'feserve requirement will be y-= 1-x, where y is also a fraction
of the rated capac1ty of the unit 1n question |

~To evaluate the costs of meeting demand, ‘one uses as reference the cost per
kW]of.peaking capacity or other’ unitS'w1th very high'effective capac1ty; Call -
‘this LCC for load carrYing capacity. Then demand related capital can be calcu~
lated by Demand Related Capital =_($/kw,of LCC)»(l/x); This is then annualized'
W1th a fixed charge rate. - B

.Energy costs per. kwh are the sum fuel cost. per kwh and annualized energy
‘related capital,adjusted for. transmission losses.  Energy related capital is
just nominal $/kw of the marginal unit’less $/kw of LCC. This is annualized
using a fixed‘charge'rate and converted to a cost per kwh using an estimated
capacity factor or hours per year of productiont |

" Individual end uses will-all incur thevsame energy costs. They will differ
,with»respeCt to demandvcosts. 'To‘calculate the demand: cost, one needs to estimate
_the system diversified load factor for the endiusebin question. This can be done
by’ d1v1d1ng the diver51f1ed ‘demand ‘into the annual kwh consumption for the given
' endfuse; The result is an equivalent number of hours per year per kW of diver51-
- fied demand. This number divided'by 8760 gives a load factor. The demand . cost
of a particulat end-use kiWh is the annualized demand'related capital divided by

the equivalent number of hours per year.
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The coét of displaced ehd-use»energy ué jﬁSt the.energy cost plus the
‘ ,:appropriately cbmputed demand cost for thatiend‘use;‘ i
.6;2:‘Long Run Margihal Costléf’Diéplaced Electricity —_Pacific Gas &'Electric Co.
- 6.2.1.'Margina1'Cost of Neﬁ Supply:: Analyéis of Fossil 1 |
| A. Capital Costs = $1.157 x 10° | |

.483
$1.640 x 10

BACT = 9 
+ 800»MW é:$2050/kw (1586$)
‘Using a 6'percénﬁ eséalatioﬁ gives a 1978 cqst.of $1286/kW (see Ref. 1).
.~ B. AﬁnualizgdvCaﬁital”Charges (see Ref. 2)
| | Using FCR = 154
=v$1§8/kw+yr;
C. Fuel Cost _ _ |
35 mills/kWh (1985 $) (see Ref. 2) .
Using a 6vpércent deflater giVeS'a 1978 cost of‘23 mills/kWh
Fuel cosf_uncertainty dué fo potential rail freight rate‘increases esti--
v'mated by doubling the transportation cdmponént of the 23 milis/kWh; PG&E
estimatés 8 mills/kWh for coal transportation which, when doubled, yields
a potential fuel cost of 31 ﬁilis/kh'(1978 $).  (See Ref. 3).
| 6,2.2..A110cation_of Fossil 1 Coéts to Demand'and Energy
A. DémandvRelated Capital .
| 1. Effectivg Capacity Estimafe of Fossil i_(seé Ref. 4)
Use Garvér equation for C=800, r=,12, m=350,
:Effective éapacity=547lMW *
= .68 Rated Capacity
This implies that demand related capital will be 1.47 x $/kw

of load carrying capacity (1.47 = 1/.68).
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2. Cost of Load Carry Capacity (LCC) (Seé Ref. 2)

Gas Turbines -~ $193/kW
Geothermal $358/kW
Combined Cycle - - $289/kW

Helms Pumped Stérage $311/ka_
Since resource plan has no gas turbine capacity, use a generic
$300/kW. - (See Ref. 1).
3. Demand Related Capital = ($/kW) LCC x Effective Cépacity Adjustment
| = $441/kW -
" At FCR = .154 = $67.90/KW-yr
B. Energy Costs |
1. Enefgy Related Capita1 . Fossil 1 ($/kW) - LCC ($/kW)
= $1,286 - 306

a) at FCR = .154 = $151.80/kW-yr

 b) Using 65 percent capacity factof 5700 hfs/yr
- 26.6 mills/Kith B
2. Add fuel cost at 23 mills/kWh, get 49.6 millg/kWh-
3., Adjust fbr‘losses = 8 percent, get 53.6 |
‘ | Energy cost = 53.6. mills/kWh

With rail cost uncertainty - 61.6 mills/kWh

6.2.3 Allocation of Demand Costs to End-Use Apblications
A. vSpacg Heat |
1. Electric Space Heat Unit Energy
Consumption §v6827 kWh (See Ref; Sj
| (UEC)
2. Estimate of system Diveréifiéd Load Factér
“a) Divefsified Démand = 3.04 kW

= (10kW/3.29) (See Ref. 6)
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z c) End Use Load Factor = 26 percent
= (2245/8760)
B. Water Heaﬁing |
1. Electric Weter Heating UEC = 4452kah E (See Ref. 5)
2. Estimate of'System'Diversified Load.Factor
ia) Diversified Demand =..75 kW (See Ref. 7)
 _ b) ‘Equivalent Hours/Year = 5396 |
| | = (4452/175)
cj End—Use Load Factor = 68 percent

(5936/8760)

6.2{4'wCoSt of Displaced Energy

A. Space Heat:

© 1. Demand = 30 mllls/kw

= (§67. 90/2245)

2. 'Energy 53.6 mills/kWh
3. Total - 83.6 mills/kWh
B. Water Heating

'11.4'm111s/kWh'

1. Demand =
($67 90/5936)
‘2. Energy =

53.6 mllls/kWh A

3. Total = 65 0 mills/kWh

'References (Sectlon 6. 2 1-6.2. 4) _

l.e'Testlmony of R Czahar, ERCDC Docket No. 77—N0f-4, Febfuery 28, 1979.
A_.2.. Pacific Gas and Electric Co Fossil 1'andv2 NOI, December 1977.

3. See ”Rallroad Deregulatlon Finds Little Sympathy on Capltal Hill," Energy

Daily, Vol. 7, No. 106, June 5, 1979, and '"Rail Rates Slow a Shlft fo Coal,"
Business Week, July 23, 1979, pp. 171-4.
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4. For method, see L.L. Garver, "Effective Load Carrying Capability of Generating
Units," IEEE PAS-85, August 1966, pp. 910-19. For estimates of the parameter
m, see E. Kahn, '""The Reliability of Distributed Wind Generators,' Electric
Power Systems Research Vol. 2, 1979, p. 1014. :

5. Personal communlcatlon with M. Jaske, Assessment D1V151on CEC, August 7,
' 1979.

6. Diversity factor from N.R. Schultz and H.E. Campbell, "Power Distribution,"
Standard Handbook for Electrical Engineers, Ed. D.G. Fink and H.W. Beatly
(New York: ~ McGraw-HilT, 1978].

7. Feldman, S.L., R.M. Wirtshafter, M. Abrash, and B Anderson, The Impact of
Federal Tax Pollcy and Electric Utility Rate Schedules Upon the Solar Build-
ings/Electric Utility Interface, October 1, 1978.

6.3 Methodology for Cost ‘and Value Estlmattlon of Decentrallzed Substltutlon
Technologies :

Capital costs for consefvation and solar water heating investments are esti-
ﬁated on a per-unit basis. These are based primarily on PP&L eetimates and checked
'against LBL surveys. | |

Energy'savings for space heatihg were.estimated from computer rons.used to
analyze building energy perfromance Standarde. The Fresno climate is treated -

v as representative of the Pacifio Gas ahd‘Electric Co. service area.

Performance of solar hot water heaters was estimated using F-chart, a
standard‘computer deeign tool. The‘ootput of this program is the solat fraction -
of total load. This is converted tovenergy, by muitiplying these fractions by
estimated electric energy use for water heating.

To calculate the coat of utility finanee Qith repayment on sale of residence,
assumptions are made about utility capital structure, effective tax rate and
expected duration of the investment in utility rate base. The assumed tax rate
is based upon the projection that PG&E will be in a position of continuously
carrying forward surplus investment tax credits‘generated by electricity supply
investments, Given these assumptions, the future value of a §1 loan and carrying

" costs is calculated for the period of utility finance. This is then discounted
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badk to the preseht at the after tax weighted averagévCOst‘ofvcapifald. The’
number calculated in this.manngf is a multipliér of the loan capital which
- reflects the present value of the carrying chargés. |
" The cost of energy displaced byvendQuse investment is ‘then the capital cost
of the substitution technology times the present Valuevmuitiplier divided by
the 1ifetime-energy savings; Thisilatter quaﬁtity is just annﬁal-savings times
, thedeconomic 1ifetime.of the investment. Sinée_thére is some uncertaihty.about ,
the 1ffetimes involved, sénsitivify estimates are made by varying this parameter.
6.4 ‘Coét and Value of Decentralized Substitﬁtioﬁ Technologies
>‘6.4.1> Cépital Cost of Substitution Technologies
,Aﬁ Sﬁade Heating Efficiency-. |
1. Ceiling Insulation _ ‘
a) 22¢/ft? retail for R-19 (See Ref. 1)
b). R-s.fo.R-41 atv42¢/ft2' - (See Ref. 2)
| R-11 to R-41 at.35¢/ft2 '
R-19 to R-41 at 27¢/ft2
2. Floor Insulation |
" a) 45¢/ft2'for R-11 | (See Ref. 3)
b) 40¢/£t” for §-19 . (See Ref. 2)
3. Storm Windows o |

a) $2.75/ft2 retail materials cost (See Ref. 3)

b) $4.00/ft? (Portland)  (See Ref. 3)
»$4.00/ft2 (Montana) - (See Ref. 2)
B. Solar Water Heating V (See Ref. 4)

‘Fixed Cost = $400

Variable Cost = $22/ft2
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6.4.2 . Performance Estimates

A.‘ Space Heating Efficiencyf Fresno Climate (See Ref. 5)
fComparison of buiiding,with-$+193ceiiing, R-11 walls and singlé
glazing (A) with R;SO ceiling, R-11 walls and déuble glazing

(C4) and R-38 ceiling,_R-lQ‘walls and double glézihg»(E4).

Bldg. Heéting kWh ~ Cooling kWh
A 1:-'T , © 5297 2624
o7 | 3220 2309
E4 | 2397 2163

: B; Solar Hot Water Heating (in percentége_bf solar  load) (F-chart runs):

City 1100 £t? collector 80 £t2 collector
San Diego . e 83.1
.SaCramento_f 85;9 79.9
‘San Jose 81.5 72.4

6.4.3. Valuation of Substituion Technologies under_Utility Capitalization

A. . Calculation of present value factor to reflect current value of loan

and_carrying.chargeé.
"1;: Capital Structure (See Réf; 6)>
| 524 debt at 9.4% -
12% prefefred at 9;6%
34% common at 13.0%,
2. Effective tax rate>=
3. 'Estimatéd iife of investmgntvin_fafe base

4. Future Value of §1 Loan + Carrying Costs

T4

20%‘ (See Ref. 7, 8).

.12 (.096) + .34 (.13

= 7.5 years

3

S

)

- 1.00 + .52 (.094) + [ T

= 2.317

|
!

L_.L"

Discounted at 10.5% (=after tax weighted average cost of

= 1.096

cépital)
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. 150 ft2 Storm Wlndowsvat $4.00/ft

-67-

'B. . Current Value of Substitution = (PV factor x Capital Cost)/
zAnnuai‘Disniaced Enérgy,x Economic Life' |
1. Spane Heating Efficiency_
Capltal Cost Estimate =.$1200*
Estimated Dlsplaced Energy 3200.kWh/yf
Economic Lifetime = 20-years
._Cost of Dlsplaced Energy 20.6 mllls/kWh
_If economic lifetime were 25 years, than cost is
16.5 mills/kWh.
2. Solar Water Heafing (uéing 80 ft’ collector)
| ~ Capital Cost = $2160 B
" Estimated Displaced Energy (UEC xASolaf Fractinn)
-Sacraménto- 3557'kWh_ | |
San Jose' 3223 ki
Economic Lifetime is uncertain, so evaluation made for
10, 15 and 20 yéars, |
._Co§t'of Displaced Energy (miils/kWh)

10 years | 15 Xéars 20 Xearé

‘Sacramento . 66.8 ' 44.5 - 33.4

San Jose ; 73.7 49.1 , 36.9

References (Section 6.4.1 - 6.4.3)

Wright,.J., A. Meier and M. Manlhardt, "Energy Conservation Measures Before
You Insulate Your Walls,“ LBL Draft, August 1, 1979. :

Pacific Power & nght Co., Workpapers on Potential Conservatlon Benefits and
Costs for Montana Re51dent1a1 Customers.

Jan erght, Personal communication.
Bezdek -R.H., A.S. Hirshborg and W.H. Babcock MEconomic Feasibility of

Solar Hot Water and Space Heatlng," Science, Vol. 203, March 23, 1979,
pp- 1214-1220. ‘

. *Capital Cost Estimate for Space Heating Efficiency

1500 ft2 Ceiling Insulation at 27$/ft2 = $405

188

$1200

Misce laneous =
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5. Pacific Northwest Léboratory, Draft Report of Economic Analysis of Proposed
Building Energy Performance Standards, PNL-3044, July 1979.

6. Téstimony of R. Czahar, ERCDC Docket No. 77—N01-4,7Februafy 28,'1979.'

7. Czahar, R., A Study of Solar Fihancing;'CPUC, San:Fréhcisco,'California,
April 24, 1979. ' ' :

“8. *Mulligan, G., “Legislative History of the Investment Tax Credit," undated
CPUC Memo. - ‘

6.5 Programmatic Implications

.The reéults of-the.previous section musf be cbmpared.égainSt the marginal
vminus average éost criterion to deterﬁiné coét—effeéfiveness;“ln 1978, thé
average system‘cost of electricity in the PG&E sefvice area was 37.5 mills/kWh.
vThis is-simply electric revenuesldividéd by_kWh sales. In Section 6.2.4,:the
LRMC for:electricvspace heating was estimated‘at 83.6 mills/kWh. For electric
‘water heating; the corresponding LRMC is 65.0 mills/kWh. Allowing for potential
escalétion in coal hauling charges brings this to 91;6 and 73.0 mills/kWh respec-
tivély; The resulting marginal minus aVefage cost band is 46-miils/kWh fdr space
heating and 27.5 mills/kWh for water heating: with higher rail freight charges
the values are 54 and 35.5 respectively. |

Now we compare these ailowable costs to the'estimatede§st'of éonservation
and solar hot water heating. Conservatioﬁ investment is clearly justified.
The annualized cost of such-inveétment'is'less than half the maximum allowable
cost, and probably closer to a third as much. The ecénomics of solar hot water
heating are more ambigudUs. Except in one or two cases, the énnualized cost,
while less than the alternative LRMC is greater than:thé marginal minﬁs'éverage
test. Provided thgvlifetime,is.ZO-years and the‘raii freight charges do esca;v
late as projected, solar hot wéter'heating will pass the stringent requirement;

otherwise it will not.
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At this pdiht, a subtle feature of the marginal minﬁs_aﬁerage cost cfiterion
must bé recailed{_ This is a test for an entire program, and not for one partic-
ular investment. The PP&L.plan itseif involVes a package of investments, sdﬁé
of whicﬁ are less eﬁpensive than othérs. The,cost—effeétiveneés éritérion speaks
to the‘average,perrmance'of the portfolio} Therefore,Athe_results of the previous
Calqulations imply that some appropriate mix of conservation investment and solar
hot Water‘heating'wiil make a cost-effective substitution for‘new supply. - The
poiiCy_proBlem.is to find an appropriate mix of these investments'which will
‘maximize the benefit to all:parties.

| The?e are two inter-related issues éffecting‘the design of a utility program
of end—usé sﬁbStitution and.investmeﬁts. Thesé are the proportion of solarrvs.
conservation investment and the scale of theéffortas a whole. Data on the
current aggregafe consumption pattérn, substitution'potential and capital require-
ments of a maximal program are given in Téble 4,

" These data show that the size of the electric space heéfing sector is

'slightly 1érger than the electric Water'heating‘sector. Together these form
.5.8 percent ofbthe totallmarket. Tﬂe substitution potential in water heafing is
iargef thén in space heatihg, however, since the.displacable fraction is greater.
‘A maximal program for single family units would havé a capital'reQuirement of
~ $900 million. |

To design a feasible program we need to khow how to mix -the solar investment
with the conservation investments. Since the calculations in Seétion 6.4.3 assume
a range of inputs, and consequéntly.yield a range of estimates, we must first

‘seleét an expectedvvalue. For fhe purposes of deéigning a program, the eéti—
mated expectéd value need not be extremely accurate. Let us choose values of
18 mills/kWh for conservation 40 mills/kWh‘fOr solarlwater heating. Using these

estimates, the conservation is 28 mills under its maximum cost and the solar is
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Table 4
PGGE Electric Substition Market

Residential Space and Water Heating

1. 1978 Space Heating Consumption (See Ref. 1)

Housing Type:

"A. Single Family = 13.-5 x 10° kwh -
B. Multi-Family - 3.66 x 10°
Total v = 17.21 X 108 kWh

2. 1978 Water Heating Consumption (See Ref. 2)
Housing Type:
12.61 x 10° kwh

2.58 x 108

A. Single Family

B. Multi-Family

i}

Total 15.19 x 10° kwh
3. 1978 Total Utility Sales to Customrs = 56.13 X 109 kWh (See Ref. 2)

Totai Market Share ='L12T§7£31

= 5.8

o

4. Maximum Feasible Conservation: Single Family Housing Market

(.5) x (14).

A Space Heating

1]

6.78 x 10° kwh

~B. Water Heating (.75) x (24)

9.46 x 10° kWh
5. Capital Requirements for (4)

A. Estimating $1,200 capital for annual savings of 3200 kWh 38¢/kWh

Total Capital =-($0,38/kWh) X 6.78 x 108 kWh-
B. Estimating $2,160 capital for aﬁnuél savings of 3200 kWh = 68¢/kWh _

Total Capital = ($0.68/kWh) X 9.46 x 108 kWh = $640 million
References: ' ‘ ' '

1. M.”Jéske, CEC 1978 Pacific Gas § Electric Co., End-Use Analysis, Personal
communication, August 7, 1979. '

2. 1978 Pacific Gas & Electric Company Annual Report.
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- 12,5 mills 6ver its‘maximum;- A combinedvprogram'of:Z kWh of solar substitution
for lkah_of éonservation would yield -a mix at just.about'the maximum alloﬁable
éosf. A lodk'at Table 4; however, shows that the maximal splar sUbstitution'
- market in single family.homes:is only ébdut.l.4 times the electric spaée héating
conséfvation’ﬁarket'(9.46/6.78 = 1.40). bTheréfore, the maximum ratio.of kilo-
‘watt'hoﬁrg.displacedvby Soiar to those'displaéed,by conservation is 1.40 to 1.0.

.It rémainé to decide if this maximum ratio ought:to be adopted as a program
goal; One way to decide this is to coﬁsidef the effectbof uncertainty in the
isolar cost-éstimate. If we choose 45.mills/kWh instead of 40, and a 1.4 to 1
ratio,‘we'éome quite_close‘tp the maximum allowable cost (i.e., 1.4 (45)f 18 =
81 compared' to 1.4 -(2'7.5‘) + 46 = 84.5). At 50 mills/kWh and a 1.4 to 1 ratio,
we exceed maximum allowaﬁle cost. vSince_some uncertainty is inherent in the
cost estimates, a conser?ati&e approach would be to limit the solar/conservation
ratio tobl to 1. Extra savings'associated with this more limited goal would
"reduce overall utility reveﬁué reéuirements, broviding an additional bénefit
to non-pafticipénfs. R

Using a solar/conéervation ratio of 1 to.l allows the program‘to pass the
cost effectiveness fesf comfortably. Due to the inherently low cost nature of
substitutibn investments, it is log}cal to scale the program to the maximum
feasible market for space heating efficiency. As Table‘4 iﬁdicates, this is
aoubtu6;8.x 108 kWh. By‘the previous argument, the solar_hot water program ought
to éim for the same size market. This is over 70 percent of the maximum feaéible
single family market. The cépital requirements of such a program would be $720
million.b If we assume that only 90 percent of the market is actually feasible,
phen the p?ogram will éave 1.22 billion kilowatt hours or about 2.2 percent of

1978 use. Theiéapital cost would then be roughly $650 million.
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7.0 State Regulator} Policies and their Impact on ITC Utilization

The pﬁrpose.of this section is to examine the interactions between state
regulafory policieé_and the‘ability of utility companies to use the invest-
ment tax Eredits granted.under Federal law. vThé importance of ITC carry-
forward bélaﬁées ("excess ' ITC) was identified in,seqtion 3.3; -This
phenomenon can lower the utility's cost of capital for a solar finance pro-
‘gram, by reducing the tax obligation associated with ﬁew;investment that may
not itself generate ITC. - The case study in section 6 incorporated this effect.
The more general question of what determines whether a utility will have ex-
¢esé ITC is éddressed here.

~Because the determinants of ITC utilization are many and the interactions
complex, attention isléoncentrated on two major areas of state regulatory
policy: flow-through versus normalization of tax preferences and CWIP in
rate base versuslAFUDC. These state regulatory policy options will be de- .
fined in some detail below. For now it suffices to identify these policy
choices as major determinants of the tax obligation of utilities. If a regula-
tory commission is interested in eﬁcoufaging utilities to.use their excess ITC
for a solar finance program, the availability of such a mecﬁanism will depend
on these.majof regulatory policy choiées._ | |
7.1 Flow~Through‘vs. Normalization of Federal Tax Preferences

-Two tax benefits or preferences arelavailable to the utilities from the
federaltgovernmeht - accelerated depreciation and investment tax credits.
-Accelerated depreciation schedules enable the utility to depreciate their
capitai‘equipmenf for tax purposes at a rate that exceeds straight line de-
preciation. This accoﬁﬁting method understates income in the earlysyears of
the life of the equipment, and overstates it in the léter years. The under-
statement of income in turn results in é lower tax obligation in the early

years, and a higher one in the later years relative to straight line
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“depreciation. 'In.adaition they can claim depreciéble lifetimes thét are
§hortér thah thé.ecdnohié-lifetimévof.capital eéuipment. (1) Investment
tax creditsvéﬁable fhevutility to deduct from their incoﬁe tax obligation
a stipﬁlated fractioﬁbof theif invésfmeht in new'capital.eqﬁipmént for
the yeaf the equipmenf:was'put in service, Under currentjlaw tax credits
éré available for large projects during the conﬁtruction period ("qualified
; progress payménts"_(Zj).' | | |

Accélerated depréciation éonstitutes a tax deferral, It is created by
la "timing difference which océurs when transactions affecting taxable .income
are realizéd in‘one period, buf'do ndt enter into the determination of pre-
tax accounting income until subsequent periods" (3). Ité value to the utility
is ‘the time-valqe of money. Though‘total taxes'remain unchanged, there is
an additional benefit if fhere is inflation; the faxes paid at a later point
in time are worth less in purchasing power than if they were paid.immediately.
_-The defefred taxe§ érevtantaﬁount to an'infeiest free loan extended by the
goverhment to the utility. Capital costs are theréby_reduced. The cost of
the 16an is borne by the rest of the taxpayefs’who forego.(some temporarily,
others permanently) thé'benefit they would have'derived if the taxes were
 cd11e¢ted and spent to increase public welfare; The benefits of accelerated
depreciation_each year are determined by the calcuiation method and measured
by the prodﬁct of the téx rate and the diffefence between depreciation for
tax aﬁd“book purposed. HInVestment tax crédits'constitute éﬁ outright grant,
not é.ioan.. As'sﬁch their value is measured by the absolute amount of the
credit and the yield from inVestingvit.. The total deduction may be claimed
.in oﬁébpériod or amortized over the iife of the asset tS), subject:to)cer-
tain constraints set forth by the Internal Revenue Sérvice. In particular,
100%>ofla company's tax obligation cannot be offéet by tax credits (4).

Both accelerated depreciation and investment tax credits are intended
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vto_reduce the utility's tax obligation, thereby making more of its pretax
income available for discrétionary diébuféement, aséuming thé'Utility can
retain the benefits. In practice, this assumption does not always hold.
Some regulatdry jurisdictions perﬁit the utiiity to.retain tﬁe benefits by
setting rates as though the tax benefits Qere nof-claiﬁed. This is termed
normalization. .The difference bétween tax obligations with and without the -
tax benefit is set.aside in a normalization reéerve. .The utility holds
this reserve which in the early years of'the.asset prévides~funds for plant
replacement and expansidn., In other jurisdictions fhe regulating agencies
require that the benefits be passed on to the ratepayers immediately, termed
flowthrough. Only the actual taxes paid are considered allowable expenses
for ratemaking-purposes._ |

One rationale for flowing through the benefits to the current rate-
‘payersvis that they should not be charged for tax payments ﬁhat will never
haﬁe,to be paid to the government (5). The only time such payments will be
due is when a ufility stops or significantly reduces new investments. Under
‘normalization,~there is a tradeoff betweén,'on'the one.haﬁd paying lower
taxes during the early pért of the asset's life and having the funds available
for other expenses and, on the other hand, incurring a:higher'tax payment
in later years wheﬁ depreciation'expense declines,'taxablevincome riseé, and -
k_ incdme taﬁes rise. When the taxesAbécome due, presumably they Would be paid
”oﬁt-of.the nofmalization reserve. If these funds have been invested in plant
‘replacement'or.expansion, then the'normalizing company must.utiliie the capi-
tal market.to.raise cash (6). If the rate payers are charged the interest
for so doihg, they are paying for part of the same tax expense twice.

Under flowthrough, it’ié assumed that rates will increase aé deprecia-
tion expense declines (1).: No allowance for a reserve fﬁnd for'defefréd taxeé
is made in the revenue requirements. This entails a risk to the utility

that it will not be able to collect enough'revenueé in later years to pay its
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deferred taxes without.reducing its'rate éf returnE To collecffthese révenues,
v ‘the_regulatofy cdmmission‘must allow rétevadjuétments so that the allowed
Afate of retufn can be maintained during thé-later yearé df.the asset life,
and the elasticity of demand for electricity must be iow enough so that
the rafe iﬁcreaseSvaCtuélly yield the required,revenues in fhe,latef years
B of the asset.life; | | |

"The items to which ﬁormalizafioﬁ and flowthrougﬁ are usually applied
aré inVestméantax credits,uaccelerated methods of depreciation, shorter
aéset 1i§es permitted by Class Life:and Asset‘Depréciatidn Range, interest
on funds'borrowed_to‘finanée.cdnstructioh, removal costs of retired ﬁroperty, and
Qﬁd deduction of éaptiaiized overhead.cdsts (3).
7.2 .Normalization Typicélly'lnqreases.ITC UtiliZation

In this section a simple model of the tax effects related to the flow-
:through/ﬁormalization‘choice will'be used to examine ITC ﬁtilization. Follow- -
ing Linhart,(7) wé can express the diffefeﬁces in the:timé pattern of tax

.. obligation by‘the equationé below, deécribiﬁg the case of a single plant vintage.

. - ) . - _ R .
| ATj Top = Ty » o (1)
Ty | (1-®)Ng + T (g = D)
1-T . '
0
where’TFT = ta;es in the year j under £low-through
“‘TN = taxes in the year j under normalization
3 _ .
Pe - = rate of return on equity
8 = fraction of total capital which is debt
DB = book depreciation in year j
j _
D = tax. depreciation in year j
j .' : . '
,NJ = normalization reserve at the start of year j
-1
= ¥ T (b, -D_)
k=1 © ka Bk

T = federal tax rate.
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To work out specific cases the method of tax depreciation must be chosen.
Although methods vary, one of the most common methods is double-declining
balance (DDB). Under DDB, the depreciation expense in year. j -is given by

_ 2K (1-2/1)771
i T | ;

(2a)
where K = capital cost of the plant in question; L = lifetime of the plant,
It is convenient to work with a continuous version of (2a) given by
: _ 2k -2j/L
D, = T e (2b)
Substituting (2b) into (1), where book depreciation is straight-line, i.e.,
-K/L in each year, and approximating the normalization reserve by an integral,

we can rewrite (1) as follows

2 s i .
ST : £_19 ' o
R e [pe(l-a) (-Le 20-D/L o2/l 51y 4 1
. C o
: (1—2e)_‘j“‘)] B | (3)

By substituting appropriate'parameter values into (3) we can determine
at what point the tax burden associated with a given. vintage of plant becomes
greater under flow-through than undervnormalization;- This will occur when
the sigﬁ of (3) becomes positive. Inspecting (3) closely shdws that the
sign depends -upon P> G'and L. It is conventional to treat the lifetime of
investments in eleétrical generating equipment ag 30 years long. For ﬁost .
elettric utilities the debt fraction 6 is around 50%, with most variation v -
in the range from 45-55%. The return on equity, Pes is a realized rate of
return, rather than what is allowed by the regulators. Under inflationary
conditions and with regulatory lag, the realized return is typically less
than what is allowed. Realistit values of po range from a low of about 10%
to a high of about 14%. Using these Values, the sign of (3) typically

becomes positive in year 8. Some sample calculations are given below.
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T2 _ o o
AT. = X ( o ‘)» 1_ _ 0" _
T 5 1o |Pe (1-8)(2.96) ..25 ,
C 0 : :
for Pe = 14
8§ = .45,
‘vAT - <0, This will be true for any iarger 8
7 or smaller'pe in the relevant range.
. 2 I
AT8 = K (o ) Pe (1-6)(3.26) - 0.17

o

>0 for any (pe; d)vpéir‘with

p (1-8) >0.052, such as
§ = .50, p, = -13.
Equation'(3) must be re-written for the case in which the utility uses

a shorter lifétiﬁé.for:téx bﬁrpoées ﬁhan-fqr book purposes. The Asset .De-
preéiation ﬁénge (ADﬁ) guidelines.for example, allow utilities to use a 16
’ yéar lifetimé for nuclear planfs and 22.5 years_for.conventional steam
units (8). Using the symbols LT and‘LB fbrktax'and‘book lifetime ?espectively, eg.

(3) becomes

N .

T K 0 (1-6)(-6_2(3—1)/LT + e‘Z/LT _ J-Z/L )
AT, = 2 | ® _ B
j 1-T -
(o)
1o 2 THM
* Ly L.

T
For parameter values in the range of interest, equation (4) is not sub-
stantially different in its implications'than équation (3). A few calculations

show this is the case. Consider the most extreme differences between LB-

and LT,‘the,case where LB = 30 and LT'= 16. Let us calculate AT7:

S | |
T = EQ_E ‘ (1-8)(0.243)-0.019
= De . e _

7 1-T
70
for pef=.,l4; § = +.50; AT7 < 0. For p_ = .16, AT = 0, but this case is
unlikeiy;-
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AT'S > 0 for (p,, 8) pairs with p_(1-6) > 0.049.

This means that the cross over point at which taxes under flow-through become

greater than taxes under normalization is usually year eight.

\
1

It remains to considef the more gehe?al situation of multiple plant
Vintages.v The structure ofbeqs, (3) and (4) shows that ATj is linear in X,
the total capital cost of a given plant, for all years j. For all types of
electric genérating capacity the unit cost of capacity is increasing over
time. There are, however, significant differences in the cost of a kiléwatf
of capacity across fuel types. Generally speaking the less éxpensive a
fuel is, the more‘expensive is thevcapacity cost of using:that fuel. Thus
fecent estimates show'oil—fifed capacity is less expensive than coal, which
is less expensiye than nuclear. Therefore given a fixed unit size, K will
- vary with fuel type.

Since utility investment in new plants can be expected to continue into
the indefinite future, for replacement, if not for growth,-there will be‘

a tendency for normalization to increase taxes continually. As long as

K grows for new plant vintages and new plant is added to rate base at least
seven years after the last addition ATj will be less than zero. Empirical
fevidence‘showé that the normalization reserve for utility'companies is con-
tinﬁally increasing (9). This is equivalent to ATj < 0 in the Linhart model
with superposition of all plant vintages.

Thé tendency for normalization tovinérease taxes, hence ITC utiliza-
tion depends on (a) continual growth in K and (b) plant additioné at least
every seven Years. Condition (a) depends on fuel choice as indicated above
and upon project scale. If a large project, say a 1000 MW unit, is followed
by a moderate one, say 400 MW, then even with escalation in unit capacity

costs, K will not necessarily grow. It would not be impossible, howevef,
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“even in this example for the_smaller-projéct to have a larger capital cost

than the big project. If the capital cost per KW escalated at 15%/year

in nominal dollars and there was a seven year lag between projects, then

the capital cost of the smaller generator would exceed that of the larger.

An important limitation on the results of this diseussion is due to
the role of progress payments related to the generation of ITC. Our analysis

of equations (3)-and (4) only'producéd results on utility tax obligation,

. It was assumed that changes .in tax obligation would be reflected in corres-

ponding changes in ITC utilization. However recent changes in the timing

of ITC generation may éomplicaté the picture. Starting in 1978 utilities

7 must take pfogreSs paYments_on ITC (2). Previously ITC was claimed only

on completion of prbjects. Thus the time pattern of ITC generation has

'changéd.‘ This will affect the pattern of ITC utilization.

7.3 CWIP in Rate Base vs. AFUDC

The long: construction lead times of current large scale electric gene-

rating plant have created cash flow imbalances for utilities. The amount

of'capital.reqﬁired for cohstruction is large relative to income. .In an
unregulated industry product prices would be raiSéd to ¢over the cost of
construction., In tréditional regulated utility pfactice the cost of funds
associated,with construction is only recoverable wﬁéh the plant becomes "used
and useful." Under the current conditions this delay imposes a serious bur-

den on the company. Two regulatory devices have evolved to deal with this

' situation. These are known as CWIP (Construction Work in Progress) in rate

"base -and AFUDC (Allowance for Funds Used During Construction).

CWIP is a standard utility account which includes the balances of all
work orders for utility plant in the process of construction. The inclusion

of this account in rate base will allow the utility to pecover immediately
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the costs incurred for financing new plant. Because rates must be raised
to cover the cost of an investment‘which provides no immediate benefit,
including CWIP'in_rate base‘is controversial, There is a éubstantial litera-
ture assessing the value of CWIP in rate base to ratepayér and utility
stockholder (10,11,14,15). This 1iteréture is inconclusive ‘and will not be ;
:discussed Here. Instead it will bé instructive to deééribe AFUDC, the alter-.
nétive to CWIP in rate base. For an authoritative actbunt see (12).

As an income statement itém,,AFﬂDC_reflects both the cost imputed to eyuity
and internal funds associated with constructioh, and the interest on debt and |
dividends so_associated. None of the costs are realized imnediately.
As an incdme statemeﬁt_item AFUDC is é noﬁ;cash coﬁtributibn tb
earningsi That is,'revenué reqﬁiréments are not increased to reflect
AFUDC at.the time.it is reported as iﬁcome. When a particular projéct is 
completed, all AFUDC costs associated with it are.capitalized into rate
base along with the direct conétruétion expenditures. That is, both actual
intefest paid on debt and'imputed‘intereét onvother-funds are capitalized.
Thus the utiiity will earn a return on the total AFUDC costs and depreciate:
them. The addition to rate base is larger under AFUDC tﬁan under CWIP in
~rate base, but the time péttern vaadditions to rate base is delayed..

The rationale underlying the use of AFUDC is that‘the opportunity cost
of the equity and internal funds must be offset. The utility ties thése
funds up in construction and requires compensation for the time value of
the capital which is not yet in rate base. As an income statement item .
AFUDC répresents earnings. These'are then treated as an asset upon capitaliza-
tion of the plant and its entering into rate base. Thé ability to'raiée the
capital for construction has a cost, it is the total AFUDC (i.e. actual plus
imputed) associated with a given plant. This cost is recovered by capti1iza-

tion and subsequent depreciation.
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Jurisdictions.vary in the uéé of either CWIP in rate base or AFUDC,
‘ somé commissiqns use one or thé_other treatméntbconsistentiy. In otherb
cases a mixed treatment is addpted;_'Where AFUﬁC is used, the formula for
computing_ifé magnitude is not standard (12). One recent change of.techni-
que is to ailow compbunding of AFUﬁC coStéf‘ This will increase both thé
'relétive‘impact on earnings_and.capital costs of large scale constrﬁction.
In 1978 a sample of fhe fifty largest investor o@ned.electric utilities
showed thaf 38% of income én the average éonsisted,of AFUDC (13). Statis-
tical studieé the shown that AFUDC has a negative impact on the value of
| utility equity shares (14; iS). .Given th¢ magnitude of AFUDC, its impact
onvtaxés'can be expected to be lafgé._ It is tolthis subject thaf we now
furnf
7.4 ‘CWIP'in Rate-Base Produces‘a Smooth Flow of Taxes
The motivation for CWIP in rate base is to smooth out the cash flow
of utilities engaged in large conétfuction’projects. This smqothing'effect
'corrects cash flow imbalances associated with AFUDC. This basic effect will
carry over'to the‘streah of tax obligations andvtax payments under CWIP in
rate base. The reason for this is simply that AFUDC as an item of income
is not-realized as cash, thérefore is not taxable. When capitalization
‘occurs, i.e. at the end of the:cénstruCtion period, AFUDC will produce .
greaier révéﬁués, taxéble'income and tax obligation than rate-basing CWIP.
Thié is due to the éxtra:increment to rate base associated with‘the capita—
~lized AFUDC, |
'ane an asset i§ capitalized the'time pattern of depreciation, incomé :
| genefation and tax generation will be parallel for AFUDC financing and CWIP
in rate base. But siﬁce AFUDC financing means a larger rate base, then the
time péth of depreciation,:income and taxes.will_be greater‘than_AFUbC by a
_cbnétant.ratio. This fatio‘is the direct construction cost plus capitalized

'AFUDC to construction cost alone.
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A graphic display of the time path of tax liability and after tax prqfit
associated with AFUDC for a singiebplaﬂt’vintagé has been calculated by
Chabman (16); It is reproduced in Figure 2. The negatiye tax liability during
the construction period affects progress payments on ITC. After tax brqfit
during this period is notICash; Tﬁe time patterﬁ of tax liability during
the operational period is governed by the regulatory specification of flow-
through accounting.“As demonstfated'ih sec. 7.2, normaliiation would show

- greater tax liability in years one through year seven or eight and lower
tax'liability ih years 8 throﬁgh 16'cdmpared td Figure 2. Af year 16 in
this case (nuclear plant) tax.liabilityIiﬁcreases'dramatically as the bene—‘
fits of accelerated depreciation'are exhausted.v

Under CWIP in rate base the time pattern of profit and taxes would be
compréssed tbward the horizontal axié of Figure 2. ‘During construction, profit
would be smaller since there would be no non-taxable AFUDC income. The pro-

- fit in thisbcése woﬁid be-ihmediately realized as cash, and not a promissary
note for future payment, During the operétibnal period revenues associated
with the plant will be smaller under CWIP than AFUDC. This is due to the
smallér rate base. With smaller revenues, the tax liability will be corres;
pondingly Smallef. As argued above, the shape of the curves should be‘-
similar under flow-through and smoother under normalization.

7.5 Conclusion

Fedéral taxation introduces major complexities into stafe regulation
of eleétric utilitieé. Conversely particulér regulatory practices have major
impact on utility tax payments. Any solaf finance plan will'interact'with
the_overall utility tax payments. As argued in secs. 3.3 and 6.0, this
interacfion_can have cost implications favorable to such ﬁrograms.' Yet this

need not be the case in other circumstances. The California case study was

‘
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: condﬁcted_forfa ﬁtility'which uses AFUDC and flow-through. Where substantial

capital is.tied_up in cdnstructibn,.fhese’regulafory practices can produce e
-‘eXCéés ITC. It is_leés'likely toffind excess ITC where CWIP and
.normalizétion are adbpted. 'Both‘6f these'1a§ter praétiée§ fénd-to prdduce‘

a smbofhef flow 6f taXab1e income and ta* liability than AFUDC and flow-
gthroggh; Excess ITC seems to reéﬁltvfrom é timing lag betweén ITC generation

and tax liability. To the extent that state regulétory taxes smooth out.

this lag, there will be less unutilized ITC.
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