
Lawrence Berkeley National Laboratory
Recent Work

Title
UTILITY SOLAR FINANCE: ECONOMIC AND INSTITUTIONAL ANALYSIS

Permalink
https://escholarship.org/uc/item/3bb9v9sd

Author
Kahn, E.

Publication Date
1979-10-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3bb9v9sd
https://escholarship.org
http://www.cdlib.org/


~ '\ . r, 
, ,"" .. 

. I; I )"',' 
, j 

': - L ., 
J,I' , 

LBL-9959 C.~ 
UC-95 . 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

ENERGY & ENVIRONMENT 
DIVISION 

UTILITY SOLAR FINANCE: ECONOMIC 
AND INSTITUTIONAL ANALYSIS 

Edward Kahn, Leonard Ross, Peter Benenson, 
and James Cherry 

October 1979 

TWO-~WEEK\ LOAN COpy 

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to ·any specific commercial product, 
process, or service by its trade name, trademark, mailUfacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



Utility Solar Finance: Economic 

and Institutional Analysis 

Edward Kahn* 
Leonard Rosst, 1 
Peter Benenson* 

James Cherryt, 2 

October 1979 

*Energy and Environment Division 
Lawrence Berkeley Laboratory 

University of California, Berkeley 

tEarl Warren Legal Institute 
University of California, Berkeley 

1. Boalt School of Law 
University of California, 
Berkeley 

2. California Public Utilities 
Commission 
San Francisco, California 

LBL-9959 



-ii-

Table of Contents 

Section Page 

1.0 Introduction 1 

2.0 Specification of Generic Utility Solar Financing Alternatives 6 

2.1 Capitalization vs. Financing . . . . . . ... . . 6 

2.2 Pacific Power & Light Company Residential Energy Efficiency 
Rider. . ................. . U 

2.3 Leasing Arrangements ... 16 

2.4 Utility Solar Subsidiaries 17 

2.5 Special Bonding Authorities ... . . . . . . . . . . . . . . . 19 

3.0 Economic Impacts of Solar Investment on Utilities. . . . . . . . 20 

3.1 Externalization vs. Internalization .. 20 

3.2 Electric Utility Financial Risk Profile 22 

3.3 Federal Tax Effects - Excess ITC . . ...... --. 25 

4.0 Economic Impacts of Utility Solar Finance on Customers 28 

5.0 

6.0 

4.1 Non-Participant Break-even Requirement . . . . . . 

4.2 Interaction of Utility Solar Finance with Other Solar 
Incentives .. 

Social Cost Analysis 

5.1 Market Imperfections . 
5.2 The Utility Role 

5.3 Antitrust Issues 

5.4 Policy Questions 

5.5 Conclusion 

A Case Study of Uitlity Solar Finance: 
to the Pacific Gas and Electric Co. . . 

Adapting the PP&L Plan 
. " ....... . 

28 

31 

37 

39 

46 

49 

52 

• . 57 

58 

6.1 Methodology for End-Use LRMC Analysis ............ 59 

6.2 Long-Run Marginal Cost of Displaced Electricity: P.G.&E. . . 61 

= 

~ 



-iii-

Section 

6.3 Methodology for Cost and Value Estimation of Decentralized 
Substitution Technologies ~ . . . . . . . . . . . . . . . 

6.4 Cost and Value of Decentralized Substitution Technologies 
-. . ~ 

6.5 Programmatic Implications . . . . ~ . 
'. 

7.0 State Regulatory Policies and their Impact on ITC Utilization. 

64 

65 

68 

72 

7.1 Flow-Through vs. Normalization of Federal Tax Preferences 72 

7.2 Normalization Typically IncreasesITC Utilization. . .. 75 

7.3 CWIP in Rate Base vs. AFUDC 79 

7.4 CWIP in Rate-Base Produces a Smooth Flow of Taxes. . . .. 81 

7.5 Conclusion ..... . 82 



-iv-

ACKNOWLEDGEMENTS 

This research was supported by Dr. Roger Bezdek, Chief of the Market 

Analysis and Evaluation Branch, Office 'of Solar Applications, u.S. Department 

of Energy. Edward Kahn was the principal author of Sections 1-4 and 6. Sec

tion 5 was primarily the work of Leonard Ross and James Cherry. Material in 

Section 6 was presented to the California Public Utilities Commission hearings 

on utility solar finance (011-42) under the sponsorhsip of the Natural Resources 

Defense Council. The analysis benefitted from the contributions and criticism 

of Terry Lash, Laura King and Jim Frankel. Section 7 is based on the work of 

Edward Kahn and Peter Benenson. Considerable assistance was provided by Ray 

Czahar, Finance Division, California Public Utilities Commission and -Prof. R.A. 

Meyer, University of California Graduate School of Business Administration, 

Berkeley. In addition, helpful discussion was provided by Larry DiSimone and 

Ralph Purves, San Diego Gas and Electric Company; Mike Merrill, Pacific Gas 

and Electric Company; John Shue, Pacific Power and Light Company; Stephen 

Feldman, University of Pennsylvania and Michael Edesess, Solar Energy Research 

Institute. Figure 1 is reprinted ~ith permission of Moody's Investors Service. 

Figure 2 is due to Duane Chapman. 



i' 

1.0 Introduction 

Among the several generic incentive programs proposed to accelerate the 

widespread use of on-site solar energy is·a class of financing alternatives 

administered by regulated public utilities. It is the purpose of this report 

to analyze various forms of utility solar finance. This analysis will delin

eate the complexity of the regulatory issues involved with any scheme which 

uses public utilities as financial intermediaries for on-site solar. 

The study begins with concrete examination of various types of utility 

solar financing arrangements. The focus is on the costs of each arrangement 

to the utility. The discussion then broadens to consider the generic economic 

impacts of utility solar finance on both the customer and the corporation. ' 

With this background, the broader social issues associated with utility invoive

ment in the solar market are surveyed. The legal and regulatory concerns which 

would shape practical utility solar finance programs are delineated. From this 

abstract set of issues we return to the concrete and examine the particular 

cost factors that determine economic viability of utility solar finance in a 

detailed case study. Finally, the .complex interactions of federal taxation and 

state regulatory practices are described. These indicate the wide variation in 

potential costs across regulatory jurisdictions. 

Utility solar finance is an intrinsical complex issue. This stems from 

the central position already occupied by public utilities in the existing 

energy distribution and marketing system. Whether utilities finance solar 

energy or not, they are impacted intermediaries in any plan to accelerate the 

conunercialization of on-site systems. If utilities are external to the solar 

incentive process, then they may well emerge in a role as a constraint on the 

solar engineering/economic optimization. This constraint appears in the form 

of utility pricing policies for back-up energy. Feldman and Anderson have 
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shown the effect that utility prices have on solar design choices (1, 2) . In 

turn, the utility pricing of back-up energy is determined by the changes in 

load shape and cost of service imposed on the utility by widespread adoption 

of solar technology. Bright and Davitian have shown that under ideal condi-

tions the solar impact upon utilities can be minimal (3) It is not at all 

clear, however, that the real world will react as flexibly a~ predicted by an 

optimization model in which all inputs are known with certainty. 

Utility participation 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 participation. These differences would be due to both the 

potential scale of a solar program as a whole, and to the optimal design of 

individual systems. Current incentives for solar energy in the form of tax 

credits have had a highly limited effect. In California, for example, the 

state income tax credit has produced a response which is highly skewed towards 

upper income groups. Table I shows recent data on this trend. It is clear 

from this table that 75 percent of all applicants had adjusted gross income of 

over $20,000 per year and 30 percent were over $40,000 per year. In certain 

markets, such as the multi-family rental market, there is no incentive, even 

with potential tax credits, to invest in solar energy applications. Bezdek, 

Hirshberg and Babcock attribute the lack of incentive in the apartment sector 

to the, investment goals of owners and the structure' of the tax code (5) A 

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

be addressed to larger markets than the tax credit approach .currently attracts. 

Amore subtle but equally important effect 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 

1'\ 
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Table 1 

California Solar Energy Tax Credit 
Applications by Income Level 

ADJUSTED GROSS 
INCOME 

APPROXIMATE NUMBER 
OF SOLAR CREDIT 

CREDIT APPLICATIONS 

Less than 9,999 

10,000 - 14,999 

15,000 - 19,999 

20,000 - 24,999 

25,000 - 29,999 

30,000- 39,999 

40,000 - and over 

California Franchise Tax Board Date 
cited in (4) 

885 

1,155>4,150 

2~1l0 . 

2,855 

2,902 
16,382 

4,504 

6,061 
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economic design of a solar system will be biased away from solar systems which 

displace large amounts of energy. The reason is simply that current public 

utility rates are based on average historical costs. These are lower than 

the marginal cost of new supply. Economic efficiency is achieved by trading 

off options at marginal cost. Under current market arrangements, there is no 

actor who can insure that the appropriate value of displaced energy will be 

reflected in the private decision process. Utilities, however, are in a posi-

tion to compare marginal costs. Other things being equal, this would result 

in more efficient and presumably larger scale investment in solar systems. 

Although utility solar finance might well accelerate the adoption of on-

site solar systems, there are risks and costs associated with such arrangements. 

The main risk identified with utility solar finance is the potential for monop-

olization associated with the scale of such activity. This risk has been char-

(6,7) 
acterized in a variety 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 principle, banks 

and other conv.entional financial institutions have a lower cost of money than 

regulated utilities. This is readily. apparent by a comparison of capital struc-

tures. Banks are capitalized at roughly 95 percent debt (i.e., deposits) and 

only 5 percent equity. Utilities typically have about 35 percent equity capital 

which is costlier than debt or preferred stock. The cost difference between 

debt and equity is at least several.percentage points. Thus by encouraging 

utility solar finance, society would 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. 
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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 investments. This first effect, excess capitalization, is generally 

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

tion. This bias, first described by Averch and John$on (8) may not necessarily 

obtain in a climate of economic uncertainty (9) 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 large scale supply projects where the ability to predict true capital 

. .: l' . d(10) 1ntens1ty 1S 1m1te . 

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 more general social concerns. After the generic alternatives have been 

discussed, individual issues will be addressed. These include: 

(1) Analysis of economic impact on utilities of involvement in solar 

energy finance. 

(2) Economic impact on non-participating utility customers of solar 

energy finance programs. 

(3) Social cost analysis of utility involvement in the solar market. 
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(4) Case study of the Pacific Power .andLight Co. approach to solar 

and conservation finance. 

(5) Interaction' of state regulatory practices and federal tax in the. 

evaluation of 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 

proposed instrument. Thus, many variations of basic alternatives are possible 

for any financing mechanism. The current investigation by the California 

Public Utilities Commission into utility solar finance has produced a catalogue 

f f 
.. (4) o ourteen varlatl0ns. 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 begin 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 Energy Efficiency Rider. 

This plan "is the. most far-reaching utility sponsored end-use efficiency pro-

gram, in the nation and has enjoyed widespread acceptance by customers. It 

has been proposed as a model for other utilities, and therefore deserves special 

attention. The survey will conclude by examining the role of leasing arrange-

ment, the case for creating special utility solar subsidiaries, and the role of 

special 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 
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case of utility investment in on-site solar, such treatment mayor may not 

involve cross-subsidization of solar investments by non-solar users. By 

"rolling-in" all solar costs into a rate base common to all customers, the 

non-solar user pays an incremental cost for conventional service over and 

above what he would havepa:ld without the utility solar investment. If this 

increment is greater than the marginal cost of new conventional 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. Al though. 

public utility rates should not involve cross-subsidies in theory, (11) in 

practice it goes on to a considerable extent. The main practic~l concern in 

this regard is the magnitude of such subsidies. For typical conditions in the 

gas industry, it has been shown that "rolling-in" will have a small impact on 

non-solar rates. (12) The relatively small fraction of utility capital that 

would be devoted to solar is the reason for this result. Under widespread 

implementation, this effect could be considerable. A more stringent criterion 

concerning cross-subsidization is discussed in connection with the Pacific 

Power and Light Company plan. 

A potential complication of any capitalization approach is the risk of 

gold plating. It is possible that utility ownership of solar would be biased 

toward expensive, over-designed systems that were excessively capital intensive. 

This is really just an instance of the Averch-Johnson(8) 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 under-investment in glazing, 

insulation, weather-stripping, etc. Such conservation investments reduce the 
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thermal load that must be supplied by collectors and are considerably less 

expensive. (13) Unfortunately, the utility might have difficulty qualifying 

for federal tax benefits such as rapid ~mortization and investment credit 

from residential conservation investment. The IRS only grants such benefits 

to investment that is made on the owner's property and dedicated to his use. (14) 

A utility's residential meter passes these tests, but conservation and solar 

investments would have more difficulty. Without equal tax treatment for all 

energy options, the utility could not be expected to make efficient choices . 

• Thegeneric alternative to capitalization is a strictly financial role 

for the utility. In this role, the utility would act as a bank which makes 

loans for a predetermined time period at a fixed rate of interest. The costs 

of such a program depend critically on the choice of loan period and interest 

rate. The appropriate loan period should be the economic lifetime of the 

solar system. Unfortunately, there is considerable uncertainty about this 

period. Choice of a relatively long lifetime, say 20 years, would almost 

certainly mean that individual components would require earlier replacement. 

In Table 2, estimated component lifetimes for solar hot water heating systems 

are listed based on California Public Utilities Commission recommendations. CIS) 

Some provision for the cost of replacing components must be made if the finance 

is based on a 20 year lifetime. 

Economic lifetime is also an important parameter under capitalization. 

In 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 depreciation. Depreciation will reduce the rate base 

under capitalization, but is irrelevant to the utility under financing. 
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Table 2 

Solar Hot Water Heating System Component Lifetimes. 

ITEM 

Solar Collectors -:-copper type 

Pumps 

Valves 

Solar Hot Water Storage Tank 

Back-up Hot Water Heating System 
\ 

Controller 

Associated Copper Plumbing 

ESTIMATED 
LIFETIME 

20 

10-15 

5 

20 

10 

10 

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 annually against capital cost to yield the pre-tax weighted average 

.. (16). h f h cost of capltal. Thus, a capltal structure is assumed, t e cost 0 eac 

kind of capital is estimated and tax effects are added in (see Table 3). 

Fixed charge rates will vary across regulatory jurisdictions depending on the 

treatment of federal tax preference. Utility commissions which require "flow-

through" of investment tax credit and accelerated depreciation to customers 

will tend to see lower fixed charge rates than commissions where tax preference 

is captured by the utility. This subject will be discussed in some detail in 

Section 7. For now it is sufficient to observe that for solar energy finance, 

assuming that no tax credits would be available to the utility, the pre-tax 

cost of capital is currently in the range of 17 to 22 percent. The conven:-

tional interest rate so determined would be the same under capitalization or 

financing. 

Because the pre-tax cost of capital is so high compared to bank rates, 

utility solar financing would not be particularly attractive. However, it is 

not at all clear that the standard procedure used to determine fixed charge 

rates, as·. sketched above, is the appropriate tool for utility economic analysis. 

Public utilities may be thought of as a portfolio of investments, the sum total 

of which provides a service to customers. These investments differ widely in 

their financial and economic risks. Large, long lead time supply projects 

have more uncertain returns than relatively safe investment in transmission 

and distribution. Among electric generation projects, there can be substantial 

differences in risk. (17,18) The conventional analysis fails to capture these 

differences. This failure is the subject of concern within the utility plan-
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ning community. It was discussed recently in a committee paper sponsored by 

the Power Engineering Society of the Institute of Electrical and Electronic 

Engineers (IEEE).(19) 

Roughly speaking, projects with greater risk ought to return a greater 

proportion of their investment annually. One framework in which to assess 

this trade-off between risk and return is the Capital Asset Pricing Model 

(CAPM). (20,21) In the case of electric utility investment, the risks associ-

ated with end-use substitution investments such as solar hot water heating or 

ceiling insulation appear considerably lower than those associated with large 

1 . . (22) If h O h hOd sca e generatlon proJects. correct, t 1S means t at t e return requlre 

from such investments ought to be lower than the weighted average cost of capi-

tal. This will mean a lower effective interest rate for solar finance by the 

utility. The discussion of relative risk is explored further in Section 3.2. 

Assuming that the risk of solar investment by utilities is sufficiently 

low to justify an interest rate which is lower than the pre-tax cost of capital, 

it remains to discuss the regulatory devices available to capture this effect. 

As a practical matter, it would be possible to "roll-in" solar investments 

under capitalization and charge them at a cost of capital which is less than 

the pre-tax rate. This amounts to changing the capital structure on the margin, 

weighting it more heavily toward lower cost instruments and less toward common 

equity. Under a financing arrangement the treatment would be essentially the 

same, although it would be more transparent that this class of investment is 

being handled differently than conventional investment. A financing subsidiary, 

for example; might be capitalized at 10 percent or 20 percent common equity 

and the rest would be debt. The effect of capital structure on pre-tax cost 

of capital is shown in Table 3. 



-12-

Table 3 

Capital Structure and Average Cost of Capital 

AFTER-TAX PRE-TAX 
INCREMENTAL WEIGHTED TAX COST OF 

RATIO COST COST MULTIPLIER (a) CAPITAL 

A. Standard Case 

Debt 50% 9.5% 4.75% 1. 00 4.75 

Preferred 
Stock 10% 9.5% 0.95% 2.04 1. 94 

Common 
. Equity 40% 14.0% 5.6 % 2.04 11.42 

11. 30% 18.11% 

B. Leveraged Subsidiary 

Debt 80% 9.5% 7.60% 1.00 7.60 

Equity 40% 14.0% 2.80% 2.04 5.71 

10.40% 13.31% 

(a) Calculation of Tax Multiplier: 

1. Reduce Income by State Income Tax Rate = 9% 

100 - 9 = 91% 

2. Calculate Federal 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--.-;5=0'"""8-::-6 

= 2.04 
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A substantial administrative problem associated with financing plans is 

the design of the re-payment schedule. This is especially important when 

considering the effect of social mobility on the term of loans. Under-capital-

ization return on the investment is achieved as part of the ordinary rate-making 

process. Since the utility "owns" the equipment, it doesn't matter if the 

nominal occupant of a building with this equipment changes. The current occu-

pant of the residence will still make ."payments" through the rate structure. 

Where an explicit loan is. made, some provision must be made for solar borrowers 

who move from their solar residence. Is the loan liquidated at this time, or 

transferred to the new owner? What if· the new onwer doesn't want to assume 

the loan? This problem is significant because the average turnover time for 

houses is less than the 20 year amortization often required to make solar loans 

cost-effe~tive. It is estimated that the average house changes owners at a 

point between the fifth tenth year from purhcase. (4) Few solar projects are 

cost-effective if amortized at 10 years or less. Thus, not only is there 

uncertainty over the economic life of solar systems, but demographic mobility 

tends to reduce and complicate Qne of the main advantages of public utility 

finance, the ability to raise long term capital. The most outstanding prac-

tical solution to this dilemma is the energy conservation finance plan designed 

and 'implemented currently by the Pacific Power and Light Company. It is to 

this subject that we now turn. 

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

PPL is an investor-owned electric utility operating principally in Oregon, 

but in six other states as well. Its Residential Energy Efficiency Rider is 

a unique combination of capitalization and finance elements used to encourage 

investment in residential weatherization. Although not addressed to solar 

applications, the approach is generalizable under certain.conditions. 
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The main features of the PPL program are as follows: 

(1) PPL performs a home energy audit and recommends specific weather

ization investments whose life-cycle cost is less than the marginal 

cost of new supply. 

(2) Upon approval of the homeowner, PPL arranges for contractor instal

lation 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 before the point of sale. 

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

using no amortization. 

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

as the loan is in the utility rate base. 

(7) Upon transfer of the home and repayment of loan, the rate base 

is reduced by the amount of the loan. 

This program is attractive to all parties involved in the transaction. 

Customer response has been good; there has already developed a substantial back

log of requests for participation. The current completion rate is about 5,000 

homes per year. (23) The scale of the program is sufficiently large to support 

the assertion that public utility finance can make major differences in the 

adoption rate of weatherization investments. Benefits of this program to the 

utility will be discussed in some detail in Section 3.2. 

The main structural innovation of the PPL 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 program cost between participants and 

non-participants. Under simple capitalization, in plans such as the FEA's 
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. (24) 
Rosenberg proposal, residential conservation investments were to be capit-

ali zed in rate base for their estimated economic lives. The FEA proposal used 

15 years for this lifetime. This means that non-participants carry the cost 

of the program over the entire period. Under the PPL phm,the non-partici-

pants' burden will end long before the benefits of the investment cease. Since 

the PPLplan is still an actual loan, where all customers bear the interest 

cost, repayment on resale eliminates a basic inequity of simple capitalization. 

Non-participants do not continually pay for the benefits received by others: 

lfuile there are still subtle questions of customer equity involved in the PPL 

plan, its combination of features tends to eliminate some of the most trouble-

some features of simple financing or capitalization. 

Apart from its structural innovations, the PPL plan has a particular defi-

nition of cost-effectiveness used to evaluate end-use conservation investments 

that is a major constraint on prograrn scope. Conventional utility economic 

analysis of investments for central station !5upply is based on the minimum 

marginal cost criterion. That alternative is best which has the lowest marginal 

cost. To account for the differing incidence of costs and benefits to partici-

pants and non-participants, PPL has proposed a more stringent criterion on its 

program. An end-use conservation investment program must save energy at an 

average cost whichis less than the difference between the utility's marginal cost 

of new supply and the current average retail cost. If a program meets this test, 

then non-participants will have no higher a cost of energy under the program 

than without it. The derivation of this criterion 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 Arrangements 

Leasing capital equipment rather than purchasing it 'is a financial device 

introduced to transfer tax benefits among parties to a transaction, so that all 

actors are better off. (15) lt has recently become a factor in public utility 

finance. San Diego Gas and Electric Co., for 'example, sold its Encina 5 power 

plant to the Bank of America and leases it back from them. The arrangement 

resulted in a net cost of capital to the utility of about 6 percent .. While 

this is an attractive rate of interest in today's market, the long term effect 

on the utility's credit is not positive. The reason is that utility bond 

rating agericiesview the lease as a long term debt obligation which leverages 

the utility further and provides no equity protection. (26) 

The San Diego Gas and Electric lease is based on a situation in which the 

utility has federal tax credit it cannot absorb because of insufflcient revenue. 

These are passed through to the bank which shares the benefit in the form of a 

lower interest rate. Other tax situations are possible. The natural gas 

utilities are not generally in the same tax position as electric utilities or 

combination companies. Electric power generation is so captial intensive that 

electric utility investments generate substantial tax preferences. Natural gas 

utilities, on the other hand, have relatively smallercapi talization. Their 

construction projects are either smaller than those of electric utilities or 

so large in nature (LNG for example) as to require wholly unconventional finan-

cing. For relatively modest scale incremental investments, gas utility solar 

finance using leasing techniqueswould enable 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 finance alternatives for residential solar applica-

. MITRE f d hI· 1· . (12) h· 1 tlons, oun t e eas1ng a ternat1ve most attract1ve. T 1S conc u-

sion followed from 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 unresolved issue whether'utilities which own or lease solar equip-
J 

ment would actually qualify for conventional investment tax credit. Under 

utility leasing there would be no capture of state or federal tax credits aimed 

at consumers. 

2.4 Utility Solar Subsidiaries 

Public utility companies ,sometimes engage In businesses that are not part 

of their monopoly franchise, but which may be tangentially related to their 

main activities. To separate these non-utility operations from the regulated 

activities, it is conventional to create subsidiary corporations for non-

utility businesses. For particular activities it may not be entirely clear 

whether it does or does not come under. the scope of the monopoly franchise. 

In these cases, subsidiaries are also useful devices to create a financial 

separation from the parent company. Such a separation may be used to allow 

more latitude to the subsidiary than the parent, or conversely to allow a 

close regulatory scrutiny of the particular activity. 

One of the major concerns involved in organizing a utility subsidiary is 

the determination of an appropriate capital structure and accounting correctly 

f h f b ·d··' . 1 (27-29) T bl 3' d' ·d h '1 or t e cost 0 a su Sl lary s capIta., . a e In lcate t at capl ta 

structure has a major impact on average cost of money. What is less clear is 

the justification of different capital structures and the imputation of costs 

to each instrument. The cost. imputation is complicated in turn by the variety 
I 

of corporate devices which can be used to control the subsidiary, 
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The most logical grounds upon which to impute subsidiary capital structure 

and costs is on the basis of project risk. (30) . The practical problem is that 

usually the risks of a new project are not readily quantifiable beforehand. 

Some general guidelines with regard to the effects of diversification are 

available. In a substantial empirical study across many industries, Rumelt 

found that a limited amount of diversification could reduce the risk of parent 

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

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. (32) In particular, natural gas utilities 

which have diversified widely into unrelated businesses appear to have 

increased their risk by such activity. This increases the cost of capital to 

the parent's utility customers. On the other hand, electric utilities have 

relatively little non-utility activity and could, by some limiteddiversifica-

tion, reduce their risk. The specific risks of utility solar investment are 

discussed in Section 3.2. 

The results of Fitzpatrick and Groebner suggest the third major issue 

associated with utility subsidiaries, whether these businesses should be regu-

lated or not. This is a decision that will often be made on the pragmatic 

ground of whether a would-be regulator has sufficient staff time and resources 

available to regulate subsidiaries. If such time and resources are not avail-

able and the risks to utility customers appear substantial, then the regulators 

only option is to forbid the activity. More ambiguous situations arise when 

the risks are not well-understood. For the issue of solar investment by utili-

ties, there is likely to develop a leader-follower situation 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. States with limited 

resources for regulatory scrutiny may be expected to' develop guidelines based 

on California experience. 

2.5 Special Bonding Authorities 

The last major feature of a utility solar finance program to be examined 

here is the use of special bonding authorities as a means of raising relatively 

low cost capital. When municipalities and other specially consti tut,ed local 

agencies raise capital, they sell bonds whose interest is tax-free to the pur-

chaser. The interest paid on the bonds of private corporations including 

investor-owned utilities is taxable. Therefore, the latter will have a cost 

of debt capital which is greater than the tax-exempt debt sector. This fact 

. has created interest in the possibility of: financing residential solar systems 

through tax-exempt mechanisms. 

One approach to the tax-exempt capital market is through existing publicly 

owned utilities. A widely cited example is the city of Santa Clara, California. 

The city currently leases solar swimming pool heaters to residents through its 

water department. There are plans to lease solar hot water heaters. (33) The 

use'of municipal utilities as a vehicle for widespread implementation of solar 

systems may be attractive where these utilities have established service terri-

tories and are in sound financial condition. If such institutions must be 
J 

established as a pre-condition for utility solar finance, then maj or advantages 

of utility finance, its security and convenience, will be missing. 

Special bonding authorities may also be used for access to the tax exempt 

capital market. In California, the state govenerrnent administers a Pollution 

Control Financing Authority which issues tax-exempt bonds to finance invest-

ments in pollution control. In the past, investor-owned uti ltiies have used 

such funds to finance power plant scrubbers. (34) It has been suggested that 

such an arrangement might be used for utility solar finance. (4) It is not 
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clear that such an arrangement would qualify under the legislation. Further

more, in this particular case, there are limits on the amount of capital 

obtainable through this mechanism. The Authority is legally capable of 

floating $50 million per quarter. In the five years since its inception, 

total funding has been about $270 million. (34) If the roughly 400,000 electric 

water heaters in California were replaced at a cost of $2,500 each, the total 

capital requirement would be about one billion dollars. This is almost four 

times the amount of bonds issued. At the maximum rate, it could be financed 

over five years, 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 solar will have on the utility company involved. 

The discussion will address both the planning process for new conventional 

utility supply and the current financial position of the utility industry. 

Special consideration will be given to the role of federal tax preferences. 

Relatively little attention will be paid to the specific program features 

identified in Section 2 in hopes of concentrating upon the fundamental choices 

involved in determining whether the utilities ought to playa role in solar 

energy finance. 

3.1 Internalization vs. Externalization 

If regulated utilities are not allowed a role in on-site solar finance, 

they still will be impacted intermediaries as the residential solar market 

develops. In a scenario where utilities are external to. the solar market, 

the main policy questions of interest center on the ability of the utility 

to. respond to that market development. The appropriate responses would involve 

re-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 

implicit view of this adjustment process. Bright and Davitian, for example, 

assume in their study of solar back-up energy costs that all changes in utility 

demand caused by solar penetration in the residential market are known with 

certainty. (3) Therefore, costs can be calculated by comparing various runs of 

a utility optimization model. At the other extreme, Willey analyzes several 

scenarios involving large scale solar market development where the utility 

o h 0 1 0 0 . 0 1 (35) Tho d fO d h 01 0 t e1t er cap1ta 1zes or l~nores on-s1te so ar. 1S stu y 1n s t atut1 1 y 

capitalization of solar results in lower utility costs than the case where the 

solar market develops and the utility makes no adjustment whatsoever. 

It is likely that reality lies somewhere between the assumptions of perfect 

information and no adjustment process at all. Another way of putting 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 that process will compound the already substantial demand uncertainties 

facing both electric and gas util ties. While utility planners are beginning 

to recognize the need to treat forecasted demand growth probabilistically, (19) . 

the current state-of-the-art shows major unexplained structural differences 

among 'the existing demand forecasting models. (36) 

Utility solar finance would help to make the solar market development 

process internal to utility planning rather than external. In this case, 

discriminatory solar rates would be less likely to be proposed by utilities and 

adopted by regulators. In theory, an integrated utility planning process would 

would choose among solar, conservation and conventional technologies on an 

unbiased economic basis. Thus, the utility would no longer have an incentive 

to defend its economic stake in large 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 
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. 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 proposal for utility solar finance must examine the impact of such 

schemes on the risk structure of the utility. For this assessment to be real

istic, it is important to understand the current financial position of the 

utility industry. By general consensus, the outlook for electric utilities is 

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 uncertain demand growth that has lagged behind past expectations. The 

interaction of cost escalation, long project lead times, and softening demand 

have combined to put a serious strain on electric utility cash flow. (18) 

From the perspective of the utility's financial stability and viablility, 

investment in on-site solar involves a trade-off between technical risk and 

the flexibility of small scale incremental supply; In a fundamental way, on

site solar resembles nuclear and hydro generation in that all these technologies 

are substitutions of capital for conventional fuels. In a regulated industry, 

such substitutions are advantageous because they immunize the utility's earn-

ings from the effects of regulatory lag. The current climate of rising marginal 

costs and persistent inflation tends to cause earnings attritio~because utility 

rates are typically set on the basis of cost estimates that will turn out to 

be less than acutal costs. Fixed costs are by nature not subject to infla-

tion or escalation once the initial capital has been sunk. In a regulated 

industry, the adjustment of variable costs to inflation and escalation will 

always lag due to the administrative delays attendant on 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 

the standard financial ratios used to evaluate a utility's corporate credit. 

The ratio of earnings to interest payments, measured in various ways, indicates 

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

panies building nuclear plants from those which have no nuclear construction. (38) 

The capital requirements for a ncUlear plant are of such a magnitude and occur 

over such a long period of 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, while capital intensive, would be made in increments 

that are more easily adjusted to the financial capability of the utility. This 

benefit is magnified by the short lead time involved in most solar residential 

applications. It is the long construction and licensing period for large scale 

projects which imposes the financial strain. Under the most common regulatory 

procedures, the utility will 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-

1 1 · " (39) cal y popu ar 1n manyconst1 tuenC1es .. 

It should be emphasized that the financial strains and risks of large 

scale projects get reflected in the capital market. One measure of the capi-

tal market risk evaluation is the differential bond yield on public 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. (40) 

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

that during periods of macro-economic stress, the market risk premium as measured 
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by the spread between high and lower rated bonds, is larger than in economic 

growth periods. For the last few years, studies h!1ve also shown a risk 

premium in the common equity market that is linked to the magnitude ofconstruc-

tl"o·n t""t (41-43) ac lVl y. 

In principle; solar investment could be expected to mitigate the risk of 

utility investment in large scale projects, at least to some degree. Prelim-
. . (22) 

inary conceptual analysis suggests that this would be the case.· But without 

substantially more experience with widespread use of residential solar technology, 

it is not possible to dismiss the technical risk and uncertainty associated with 

. any relatively unconventional technology. Therefore, as a practical matter, 

any utility solar finance program ought to start at a relatively small scale 

and grow larger as more experience on performance is developed. Although, in 

principle,utilities ought to be able to provide maintenance services for 

solar investments, it might be more desirable that these costs be borne by parti-

cipantsin uti li ty finance programs. Such a treatment of maintenance expenses· 

would tend to minimize the technical risk of the program to the utility. Again, 

more actual experience will indicate the dimensions of this potential problem. 

3.3 Federal Tax Effects - Excess ITC 

The role of federal corporate income taxes in determining a utility's cost 

of capital was indicated in Table 3. The nominal income tax rate of 46 percent, 
I 

however, is usually offset by tax preferences associated with capital invest-

ment. The two major tax incentives for utility investment are accelerated 

depreciation and investment tax credit. Given the size of current electric 

utility capital programs, the effective tax rate for utilties ranges from 0 to 

20 percent. (44) This effective rate would be even lower on average if it were 

not for a limitation on use of ITC. In both the tax revision laws of 1975 and 

1978, explicit limitations were placed on the use of ITG to offset tax obliga-
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tion. These limits vary from year to year, going from 70 percent in 1979 to 

80 percent in 1981, and 90 percent in 1982. (45) The importance of this limita

tion is that many utilities are currently in the anomalous position of having 

substantial ITC carry-forward balances that cannot be used. (46) The constraint 

which creates this is the inability of the utility to generate sufficient 

income to absorb the credits. The importance of this effect is that it can 

create a de facto tax credit for utility solar finance. Such a program, or 

indeed any program which generates revenue will capture some of the excess ITC. 

This will lower the incremental tax rate on such programs in a significant way. 

It is instructive to examine a little data .on excess ITC. In one recent 

survey of 45 investor-owned utilities, 22 percent were found to have ITC carry

forward balances which average $18 million. (47) It is not surprising that 

Pacific Power and Light Company has an ITC carry-forward of considerable propor

tion. According to its 1978 Annual Report to the California PUC, PPL had about 

$12 million excess ITC. It is unlikely that this balance will decline. This 

is due to the magnitude of PP&L's construction program. Over the next seven 

years (1979-1985), PP&L's capital budget for generation and transmission projects 

alone is estimated at $1.7 billion. (48) This will generate approximately $170 

million in ITC. The average ITC over this period would be $24.4 million per 

year. In 1978, PP&L used a little over $21 million ITC to offset income taxes. (49) 

Considering that additional ITC is likely to be generated by investment in dis

tribution plant, PP&L can reasonably look forward to .a positive ITC carry-forward 

balance into the mid-1980's. 

The effect of utilizing excess ITC on the incremental cost of capital can 

be seen by re-calculating the tax multipliers used in Table 3. For illustrative 

purposes, let us assume that the average ITC utilization limitation is 80 percent. 

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

capital. 
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Table 4 

Effect of Unutilized ITC on 
Marginal Cost ot Capital 

1. Reduce Income by State Income Tax Rate = 9% .. 

100 ·'-9 = 91%· 

2. . Calculate Federal Tax at 46% 

91% x 46% = 41.86% 

3. 'Net Out ITC up to 80% 

(1 ~ ~80) x 41.86% .~ 8.37% 

4~ Add Back State Income Tax = 8.37% = 9% 

= 17.37%· 

marginal tax rate 

5. 1 
Tax Multiplier = -::-1---.-=1-=7~3-=7 

= 1. 21 

B. Pre-Tax Cost of Capital: Standard Case 

Incremental Weighted Tax 
Ratio Cost Cost Multiplier 

Debt 50% 9.5% 4.75% 1.0 

Preferred Stock 10% 9.5% 0.95% 1. 21 

Common Equity 40% 14.0% 5.6 % 1. 21 

·11. 30% 

C. Pre-Tax Cost of Capital: Leveraged Subsidiary 

Debt 80% .9.5% 

Equity 20% 14.0% 

7.60 

2.80 

10.40 

1.0 

1. 21 

Pre-Tax Cost 
of Capital 

4.75% 

1.15% 

6.78% 

'l2.68% 

7.60 

3.39 

10.99 
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The calculations in Table 4 show that the impact of excess ITC on the cost 

of capital is large. In the case of a standard capital structure, the effective 

cost goes from 18.11 percent to 12.68 percent. For a leveraged subsidiary, the 

cost goes from 13.31 percent to 10.99 percent. 

Thus, while the phenomenon of excess ITC has significant implications for 

utility solar finance, it is not particularly clear why some utilities have 

significaht ITC carry-forward balances 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 and tax preferences. 

In Section 7 a more systematic investigation of the relation between regulatory 

practices and ITC carry-forward is conducted. 

4.0 Economic Impacts of Utility Solar Finance on Customers 

Utility solar finance raises a variety of issues regarding the equal 

treatment of participants in such programs as opposed to non-participants. To 

make programs attractive to customers, utilities will make inducements whose 

costs mayor may not be justified. There are rea1tively straightforward tests 

which may be applied to assess the equity among utility customer classes of 

solar incentives. The issue becomes more complicated when the incentives of a 

utility solar finance program interact with other incentives such as tax credits. 

Here the remedy for inequity is less transparent. Finally, there is a range of 

economic equity questions arising from the recognition that utility solar 

finance may not be society's least cost alternative. The social cost perspec

tive is explored in detail in Section 5. 

4.1 Non-Participant Break-Even Requirement 

Utility investment in end-use efficiency differs fundamentally from invest

ment in centralized supply because the benefits of the former have more unequal 

incidence than those of the latter. In principle, no single class of customers 
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would benefit more from a new power plant than any other class. In practice 

there may be rate-making devices which distort the benefits of new investment 

to favor one class, (50) but there is nothing inherently unequal about the 

distribution of benefits. Where end-use efficiency is concerned, however, the 

benefits to participants are immediate and substantial in the form of reduced 

consumption and lower utility bills. The non-participant receives the indirect 

benefit of decreased requirement rornew high cost supply projects. Not only 
, 

is this less tangible than a reduced utility bill, but it is possible that non-

participants could bear an increasing share of utility revenue requiremerits. 

This would mean that their average cost of energy was higher because the totaL 

revenue collected from participants had diminished. 

To avoid this potential inequity, a bound can be derived on the incentive 

to participants which will avoid increasing the average cost of energy to non-

participants. Essentially the appropriate incentive should be the difference 

between marginal and average unit energy costs times the amount of energy dis-

placed by conservation or solar investment. This incentive can be implemented 

- (51) through rate structures in the case of no utility solar finance. Alterna-

tively, the criterion can be used to set cost goals for a utility capitaliza-

tion program for end-use substitution investments. This is exactly the approach 

of Pacific Power and Light Company. 

A formal deriviation of the break-even cost for non-participants is given 

below. The p~esentation follows a simple-model used by PP&L. (52) 

Let G = initial consumption of non-participants 

c = initial total consumption 

I = marginal cost 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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All growth in load is from non-participants in conservation program 
(under conservation total consumption is constant before and after 
conservation measures). 

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

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

Initial non-participants consumption + 

proporti on = ___ N_e_w_l_o_a_d_o_f-:-n-:o:-n-:-:-"p,-:a;-r_t_l~' C_l ...... ' p'-a_n_t_s ___ _ 
new total load 

= G + gC 
C + gC 

total dollar requirements = rC + I (gC) 

non-participants' share of revenue = ~: :~ &C + IgC] 

2. gC = new load, "supplied" by conservation 

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

proportion = G + gC 
C 

onlY,IIC" because there is no new 
supply for the system overall 

total dollar requirements = oj,rC + x(gC)oj, 
(initial) oj, (amount) 

(rate) 

non-participants' share of revenue = tG ~ gC~ Gc + xgC J 
3. If revenue from non-participants is to be the same under the conservation 

approach as under new supply (at marginal cost) approach, then: 

1. = 2 
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xg~ J~ + g~ 
IJ + g~ E~ + Ig~ 

xg {l!gJ ~ + Ig] -r 
xg = 

r + Ig - r(l+g) 
l+g 

= (I - r) g 
l+g 

x = I - r 
l+g 

-r~ 

I - r = difference between marginal cost and average 
cost (initial) 

4.2 Interaction of Utility Solar Finance with Other Solar Incentives 

A number of incentives for development of the residential solar market 

currently exist or are proposed. Where these simply compete with utility solar 

finance, there is no particular policy problem. Society may wish to favor one 

kind of financing over another, but there is nothing extraneous which compli-

cates the choice. Other incentives will interact economically with utility 

solar finance and this creates policy complications. The main difficulty occurs 

~ith Federal Income Tax Credits for individuals. Before exploring this case, 

it is convenient to take up a less difficult case, the interaction of utility 

rate reform with utility solar finance. 

The Public Utility Regulatory Policies Act (PURPA) mandated the explicit 

analysis of electric utility rate reform by state regulatory commissions. Such 

reforms might have an explicit or implicit incentive effect upon the residen-

tial solar market. For example, time-of-day rates based on existing or projected 
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daily cost variations could favor residential solar applications for hot water 

heating in a summer peaking utility. A cost study of this problem which con

sidered the solar alternative explicitly would, in all likelihood, come up 

with a solar incentive that would be more attractive than the implicit incen

tive which would result from no solar analysis at all. For example, a recent 

study of this problem concluded that discounts to solar users were appropriate 

if limited to the difference between marginal and average costs. (51) Since this 

is the same criteriori underlying the PP&L zero-interest loan program, it would 

be unfair 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 avoidable, 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 process of rate reform under 

PURPA. The appropriate assumptions for cost studies of rate reform depend on 

the policy toward utility solar finance. If this is changeable or unknown, 

then the accuracy of rate reform cost analysis becomes questionable. Resolution 

of such problems amounts to the formulation of consistent state regulatory 

policy. In principle, this is feasible. 

The interaction of utility solar finance with the tax credit incentives is 

more complex. The equity problem is simple to describe; it is excessive incen-

tives. The resolution is more difficult because there is no institutional 

framework for rationalizing and coordinating justifiable subsidies from the per

spective of utility costs with those justified by social costs. In practical 

cases, it may turn out that the tax credit mechanism is literally being used 

twice under utility solar finance. The excess ITe situation described in 

Section 3.3 turns out to be a significant determinant of costs in the case anal

yzed in Section 6. Thus, a participant in such a solar finance program would 
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be eligible for both a zero interest loan and substantial state and federal tax 

credits. To avoid this double incentive, it has been proposed that the state 

credit be signed over to the utili ty. (4) This solution would have administra-

tive complexities and doesn't really solve the problem when excess utility ITC 

is involved. An alternative would be to terminate tax credits for participants 

in utility solar finance programs. 
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s.o Social Cost Analysis 

Evaluating the role of utilities in solar energy presents a curious policy 

dilemma. The utilities themselves are wary of the solar market: it is novel, 

poli tically and perhaps economically risky, and alien to the experience of 

utility managers. Public interest groups and antitrust experts have identified 

numerous ways in which utility involvement could stunt the solar market, unfairly 

enrich utilities or waste customer resources. The National Energy Conservation 

Policy Act interposes legal obstacles to utility financing or ownership of solar 

devices.' Yet government officials continue to look to utilities to promote 

solar applications. The reason is simple: no one else is doing it successfully. 

Despite the increasingly favorable economic,case for solar water heating and 

passive solar space heating, market acceptance may lag years or decades behind 

economic rationality. The temptation,is strong to turn to the utilities for 

capital, operating subsidies, or expertise and credibility in the energy market

place. This section will outline some of the difficulties with utility solar 

involvement and'outline some possible solutions. 

Why Care? 

Development of the solar industry is not an end in itself, but a means to 

objectives which are in a broad sense economic. Reduction of dependence on 

fossil fuels, ,as mentioned below, has national security advantages which are 

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

this potentially overwhelming value for all forms of non-fossil energy, it is 

worthwhile briefly to pursue a conventional economic analysis of the reasons 

for either government or utility subsidies to solar energy. Starting from the 
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economic assumption that any subsidy requires justification, we can identify 

the varying kinds of market imperfections which affect the solar industry and 

examine the remedies they imply. 

At the outset, it is worth distinguishing between the concepts of social 

cost or benefit and private cost or benefit. The "social benefit" of a utility 

solar program is measured by the total savings to society from the introduction 

of the solar program, compared to the cost of the likely alternative. The 

private benefit to the utility can be measured in: terms of increased utility 

profits, likely increases in the price of the utility common stock, or some 

other measure thought to represent 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 decrease in 

utility bills. Since the decrease in bills will take place over time, these 

homeowner benefits must be measured 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 between these perspectives. Utilities, as indicated earlier 

have a less leveraged capital structure than banks - that is, their proportion 

of equity to debt is higher, and the resulting cost of capital to the utility 

may also be higher . * But the ability of banks to rely on back-up from the 

federal 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 Diversified Energy Supply and Reduced Oil 
Dependence 

Even if solar energy prices were expected to remain above the cost of an 

equivalent amount of imported oil, the social value of solar energy might 

substantially exceed its worth to the individual customers. The true social 

cost of oil imports exceeds even expected sharp increases in prices, since 

society must pay for uncertainty about the timing and extent of those increases 

and for their effect on inflation, GNP and unemployment. Thus, for example, 

Data Resources Incorporated estimated in 1979 that a $5.00/barrel increase on 

the price of OPEC oil would raise inflation by 2.5 percent and lower GNP by 

an equivalent percentage. Hence, the approximately $18 billion direct effect 

would be translated into a $50 billion loss in GNP. A similar calculation iri 

a New York Times editorial led to an estimate of $lOO/barrel as the true social 

cost of a barrel of imported oil. This cost is not borne by the utility or busi-

nesses choosing 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, social disruption, and war associated 

wi th anxiety over the shortage of fossil fuels in general and liquid fuels in 

particular. While synthetic coal processes could eventually meet U.S. energy 

ne"eds, the problems of cost, lead-time and environmental hazard are so substan-

tial that the development of substitues may have a value vastly exceeding even 

the projected cost of oil imports. 

(b) Pollution 

Another 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 Plan, for example, 

surveyed damage estimates for the amount of generation of electricity by coal 

called for in the Plan. Estimates of air-pollution related deaths ranged from 

near zero to 6,000; the 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 utilities industry spent $6 billion for air pollution abate-

ment in 1978, of which $4.5 billion was spent in response to federal legis la-

tion. These amounts are likely to rise substantially as the requirements of 

the Clean Air Act become more stringent (e.g., the requirement for scrubber 

installation on coal-fired power plants and the increasing shift to desulphur-

ized fuel oil). In addition to these direct expenses, society bears the economic 

cost of the law's restrictions of growth of major industrial polluters in both 

clean and dirty areas of the nation. 

The production of some kinds of solar equipment, for example, copper tubing 

or plastic collectors, itself involves substantial pollution. A full economic 

analysis of solar (which, to our knowledge, has not been undertaken) would 

estimate both environmental costs and benefits. 

5.1.2 Price Distortions 

(a) Average Cost Pricing 

The rates utilities charge to their customers are based on historical 

average costs, which reflect the actual cost of investment and of raising debt 

*William Ramsay, Unpaid Costs of Electrical Energy (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 new supplies and currently raised 

capital. In a period of rapid inflation, incremental utility costs are likely 

to exceed average costs by a wide margin. For example, Pacific Gas and Elec

tric Company estimates its incremental costs at about 7.5 cents per kilowatt 

hour and its average costs at 3.8 cents. Since customers will base their 

investment decisions on average cost rates, they are likely to under-invest in 

solar or other conservation devices. 

(b) Lack of Tillie-of-Day Pricing 

The costs of providing electric utility service vary radically according 

to the season and time of day. A T.V.A. study, for example, estimated a ratio 

of 2.6 to 1 between system costs of electriCity in peak versus offpeak summer 

hours. The 'study found a high coincidence of water heater load with the system 

peak.' Two conclusions follow: solar installations can save money for the 

entire system by reducing peak load; other peak-shifting devices (such as timing 

equipment costing $250-$300) combined with time-of=day rates might be comparably 

or even more cost-effective than solar. Indeed, T.V.A. found that the system 

savings due to solar were almost entirely accounted for by the capacity rather 

energy reduction. 

Other systems with different load characteristics and generating-p1arit 

would have different cost comparisons, some of which might make solar even more 

attractive compared to conventional generation and superior to load-'shifting 

devices. For example, we can use the VEPCO estimates of typically daily load 

patterns for uncontrolled water heating to illustrate the difference between 

the T.V.A. and the Long Island Lighting (LILCO) systems. Under TVA's hypo

thetical peak-off-peak pricing system, approximately 78 percent of water heating 

is coincident with peak periods. The LILCO tarifff distingu~shes between peak, 
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intermediate, and off-peak. Eleven percent of water heating would be charged 

peak rates, while 64 percent would fall in the intermediate range. But the 

LILCO's system shows greater time-of~day differences in energy charges than 

does TVA's. An average kilowatt hour eliminated through solar usage would save 

5.3 cents, versus 1.52 cent's for a load shifting device which did not reduce 

energy consumption. * 

5.1. 3 Poor Information and Uncertainties about the Reliability of Solar Systems 

These market shortcomings are symptomatic both of a real social cost (of 

providing information or insuring against unreliability) and of the immature 

development of institutions which could reduce that cost (such as joint warranty 

funds or government testing services). 

5.1.4 Customer Aversion to Making Choices Based on Lifecycle Costs 

Studies of the solar industry invariably identify the, industry's major 

marketing problem as the reluctance of consumers to make a large front-end invest-

ment in energy-saving devices. In economist's terms, this reluctance may be due 

to: a) poor information or uncertainty about the performance of the solar device 

, (see below); b) aversion to taking the risk involved in a long-term investment; 

c) inability or inaccuracy in prediction of future energy or solar costs; 

d) irrationality. This l~st is a difficult 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's risk aversion or uncertainties of prediction may represent 

both genuine social costs and, in part, avoidable market failures. Economists 

have extensively debated whether governmental investment decisions should be 

based on a less qmtious evaluation of the costs of risk-bearing, and a greater 

willingness to invest now for future returns, than the investments of the 

private economy. There is some consensus that society should be willing to 

accept higher risk and a lower payoff, because it can diversify risks across a 

variety of projects and (more controversially) because it should reflect a 

collective commitment to future generations which individual investment deci

sions do not. This argument would justify an across-the-board subsidy for 

all investments. As applied to a' specific investment, such as solar energy, 

the decisive questions concern: a) the likely risk and soc.ial rate of return 

(taking into account externalities and the: other market imperfections identified 

here); b} and the ability of the government (directly through public expenditures 

or indirectly through personal tax credits or incentives for utilities) to make 

more prudent investment choices than the private market; c) an overall budget 

constraint on the government, forcing choices among investment projects, all. 

of which have higher returns than the "appropriate" level as described above. 

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

riding consideration in view of the "tax revolt." But energy is a special case, 

and it is probably best to view solar investment by the federal government as 

a competitor with other major energy supply projects rather than with the 

budget as a whole. Similarly, a government program of incentives to encourage 

utility solar investment should be analyzed in comparison with other possible 

utility investments (including cOnservation options). 



-44-

5.1.5 Traditional "Infant Industry Conditions in the Solar Market 

Although solar water heating was used in the United States during the 1930's, 

the disappearance of the industry 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: will the increased productivity in later years justify the 

extra investment now? For solar water heating, the argument could be based on 

(rather uncertain) economies of scale in manufacturing, induced technological 

change from a greater assured market, or more rapid development of a contract

ing and mahlifacturing industry whose warranties will command consumer confidence. 

For passive solar housing, the same arguments apply with .additional force because 

of greater promise for major technological change, the traditional sluggishness 

of the housing industry in financing or accepting technological change and 

barriers due to lending institutions 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 

industry up to sufficient scale so that it can overcome the remaining institu

tional difficulties itself. 

5.1.6 Distortions iri Utility and Regulatory Incentives 

We have proceeded thus far on the premise that the appropriate investor in 

solar equipment would be the dwelling owner, absent some market imperfection 

calling for utility or government involvement. But one ought to begin with a 

netrual assumption concerning utility investment. Utilities have.a franchise 

to supply energy; most states have at least some combined gas and electric 

utilities, so there is no general principl~ confining utilities to one form of 

energy. In the past, utility regulators have approved utility promotion pro-
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grams involving rebates on gas and elec~ric appliances. Thus, there is no 

obvious incongruity in utilities undertaking to supply solar energy. There 

are, to be sure, important antitrust and incentive arguments against some kinds 

of utility involvement: utilities are regulated as natural monopolies; the 

provision of solar energy is not a natural monopoly; complications result ·from 

joining the two activities under a single corporate and regulatory scheme. 

Nonetheless, it is worthwhile to ask whether utility involvement is blocked by 

the equivalent of market imperfections as well as by legal or public policy 

considerations (see discussion below). The most obvious candidate for such an 

imperfection is the attitude of many utilities toward solar and conservation 

activity. For reasons which combine an engineering outlook, profit incentives, 

long-term concern over decentralized systems, anticipation. of public policy, and 

simple inertia, most utilities did not, on their own initiative, pursue cost-

effective conservation investments. As pressure from regulatory commissions and 

tight capital markets has increased, utility attitudes toward conservation have 

begun to change. A similar, slower transition may.be underway with respect to 

solar energy. In the meantime,utility disinterest in solar may· be viewed as 

a peculiarity in market behavior of not an outright imperfection. 

5. i. 7 Taxes, Subsidies and Regulated Gas and Oi 1 Prices 

Conventional energy sources have benefitted from maj or subsidies and tax· 

incentives. * For oil and gas, the depletion and .intangible drilling allowances 

available in 1974 amounted to a subsidy of 13 percent of the market price (com-

pared with one percent for coal and nothing for hydroelectric and nuclear power). 

*See An Analysis of Federal Incentives Used to Stimulate Energy Production, 
(Pacific Northwest Laboratories, PNL-24l0) prepared for U.S. Department of 
Energy, Assistant Secretary for Conservation and Solar Applications, Division 
of Solar Applications. 
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Direct government development expenditures for nuclear power and the benefits of 

exemption from full liability insurance have amounted to billions of dollars; 

tax exemption of public utilities (through the investment tax credit and accel

erated depreciation) have further reduced the cost of utility provided energy. 

While some of these tax benefits have been modified, their influence may still 

be effective through utility investment in plant and equipment chosen in response 

to subsidized prices. 

Recently, Congress has enacted a 20 percent tax credit for customer purchased 

solar devices. President Carter has proposed a multi-billion dollar public invest

ment in a Solar Bank. As of now, there are not studies available comparing the 

total benefits from this credit with the subsidies for other forms of energy. 

5.2 The Utility Role 

Some of these possible market imperfections are already, or might best be, 

addressed by government rather 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 available funds for solar 

development. Nonetheless, utility involvement may appear attractive for any of 

several reasons: 

(1) Government subsidy programs may involve centralized decision-making 

on technology. Encouraging utilities to be purchasers of solar technology, or. 

conduits for individual purchase, could be designed to decentralize decision

making. 

(2) If the utility owned solar systems and if it were motivated to mini

mize costs, it would choose between solar and conventional technologies on the 

basis of marginal costs. 

(3) The utility can serve as a taxing mechanism to subsidize solar tech

nology, thus correcting the distortions introduced by average cost pricing. 
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For example, the utility could measure the difference between incremental and 

average cost, and provide that amount as a direct grant or a loan subsidy to 

solar consumers. 

(4) As established, conservative organizations, utilities have the ability 

and reputation for making decisions in favor of reliable technology. Thus, the 

utility may have a role to play in testing .or certifying solar equipment, super

vising contractors, or experimenting with various forms of finance ,marketing 

. and warranties. 

(5) While utility customers who do not use solar should not subsidize the 

full social value of a national transition from fossil fuels, they might fairly 

be asked to pay for the gains to the tUility itself in reduced dependence on 

vulenerable energy sources. 

(6) Utilities may enjoy economies of scale in risk-taking in solar invest-

ment. 

(7) There may be economies in using utility employees to promote, market 

or service solar installations. 

(8) Utility investment or financing of solar technology may diversify the 

utility's risk and thus reduce the total cost of capital to the utility. 

In what follows, we shall first give a general outline of the kinds of 

roles available to utilities in solar development, and the types of public 

policy problems these present. Subsequent sections will discuss two key utility 

solar strategies and conclude with suggestions for public policy. 

5.2.1 Possible Kinds of Utility Involvement 

The utility role in solar technology may include any of a number of 

activities: 

(1) Utility ownership of distributed solar installations (we are not con

cerned here with large central installations which might be considered part of 
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the utility's "natural" monopoly). 

(2) Utility financing of solar purchases by customers. 

(3) Utility subsidies through cash rebates. 

(4) Mixed ownership, financing and subsidy schemes. 

(5) Main extension allowances. 

In addition, the utility may be involved in research and development expen

ditures, demonstration projects, and marketing and promotion activities. These 

forms of utility activity do not pose major regulatory difficulties and will 

not be discusse~ further in this paper. 

5.2.2 Dangers of Utility Involvement 

(1) Gold-plating. One theory of utility incentives holds that, if the 

allowed rate of return on capital exceeds the return required by the market, 

the utility will tend to make excessively captial-intensive investments. While 

this theoretical incentive may be inapplicable in a ~eriod of capital tightness 

and below-book prices for utility shares, utility bureaucracies may nonetheless 

have a built-in bias for capltal-intensive equipment. 

(2) 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 market discipline in technology choice. 

Decisions on the kind and amount of solar investment may be poorly made by an 

organization with such an orientation. In particular, one might expect utili

ties to be biased against passive solar technology (which would involve no 

separable, ownable piece of equipment). The danger might involve not merely a 

short-term waste of resources, but a lasting misdirection of the solar industry. 

(3) Cross-subsidization - so long as utility rates are set below the 

profit-maximizing rate for a monopolist, the utility might raise rates on its 

monopoly services in order to subsidize its solar activities. The result would 

be unfairly damaging to solar competitors. 
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Even if the utility did not raise its general rates, it,might subsidize 

or unfairly advantage its own solar activities 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-regulation. In theory, vigilant regulation could protect against 

all these abuses; in practice, regulatory agencies may be inattentive, over

worked, co-opted, or inadequately informed to prevent unfair utility conduct. 

Nore 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 utilities might "monopolize" the solar 

industry summarizes many of the problems discussed above - cross-subsidization' 

(giving the utility an unfair advantage over competitors), discouragement of 

innovation, regulatory protection. In addition, it evokes a familiar (if con

troversial) theme of antitrust discussion: that small suppliers or contractors 

might be precluded from competition even by ostensibly fair pricing and conduct 

by utilities. 

These possible .dangers are reflected not merely in public policy discussions 

on utility solar involvement, but in antitrust questions which might restrict 

utility involvement. As the following section makes clear, the issues overlap 

substantially. 

5.3 Antitrust Issues Concerning Utility Involvement 

Since utilities are monopolies, their involvement in 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 utility 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 

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

case established a "state action"exemptionshielding private conduct from anti-

trust prosecution when the conduct was undertaken pursuant to a state regulatory 

scheme. The scope of regulatory immunity was never unlimited; and in a 1973 case, 

involvirtg a federally regulated utility, the Court upheld an antitrust action 

against an electric power company I 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 iIiununity;~** the 1976 case of Cantor v. Detroit Edison 

held that a utility practice of replacing light bulbs free of charge could be 

challenged under the antitrust laws, even though the practice had been followed 

since 1890 and was part of the original tariff filed (and approved) by the state 

regulatory commission in 1916.**** The Court noted that the practice was never 

specifically approved by the agency, and that such passive, non-contemporary 

approval did not justify a "state action" exemption. Perhaps liberated by the 

decision in Canror, courts began finding utility pricing practices vulnerable 

to antitrust attack when they matched conduct which in an unregulated context 

would be termed "predatory."***** 

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

cations of Cantor. So long as the action of a state agency 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 Activities 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). 

*****FPC v. Conway, 426 U.S. 271 (1976) and City of Mishawaka v. Indiana & Michigan 
Elec. Co., 560 F. 2d 1314 (7th Cir. 1977, cert. denied 436 U.S. 922 (1978). See 
Klebber, pp. 11-12. 
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scope of its legislatively-granted authority and forms part of a scheme of regu-

lation, the cases say that antitrust immunity applies. Indeed, rather than 

decide cha11enges to state economic regulation under the antitrust laws, the 

Court has chosen to invent First Amendment doctrine and perform its economic 

analysis under that rubric.* 

For the purposes of evaluating a proposed utility solar 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 regu1a-

tory program itself should serve the economic goal of antitrust--competitive 

. efficiency--in a11 areas where the regulated firm's monopoly is not inevitable. 

In some jurisdictions,· regulatory agencies are required by law to take antitrust 

considerations into account in relevant utility proceedings. California, for 

example, has adopted such a rule in general by court decision, and by statute 

specifica11y orders the Public Utilities Commission in its regulation of utility 

solar programs to "ensure that the solar industry is competitive and free from 

the potential dominance of regulated electrical and gas corporations." Federal 

decisions have long held that regulatory agencies must attend to the antitrust 

consequences of their decisions. The required accommodation to antitrust consid-

erations is not, in general, dictated by the formal doctrines of antitrust cases 

but by the general goals of the law and the kinds of economic reasoning devel-

oped in the cases. 

Applying this principle to utility involvement in solar enterprise, we can 

identify two basic policy questions concerning utility involvement in solar 

energy: (1) How should the utility and the customer share in the ownership of the 

insta11ation? (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 two different ways. First, the chance of failure of an entire 

installation can be borne easily because the cost per installation is small. 

Second, the developing nature of solar technology may provide the utility with 

an opportunity to diversify its risks across different types of devices, either 

simultaneously or over time. To be sure, this diversification is likely to have 

a cost. The purchasing 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 upon internal 

incentives to assure a proper tradeoff between the costs and benefits of diver~ 

sification. But the profit incentives for a regulated firm offer no such guar

antee. As discussed above, some economic theories would lead to a prediction 

that utilities would "gold-plate" their equipment purchases. But apart from 

this supposed incentive toward capital overinvestment, utilities may be unduly 

conservative and inflexible intheir 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 conj ecture is correct, a regulatory commission has five options. 

It may decline to second-guess utility management; 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 confine the utility to a role (such as financing, subsidizing, 

or exclusion) which vests the right of technology choice in the customer rather 

than the utility. The middle choices--involving utility decision-making under 

criteria set by the regulatory commission--may.be successful in curbing the 

extent of utility bias; but they might also aggravate the delay and caution 

inherent in utility ownership of equipment. The last two choices have properly 

been the focus of attention. 

2. Utility Ownership through Separate Subsidiaries 

To avoid the difficulties and perverse incentives of utility ownership, many 

have advocated that utility solar activities take place through a separate sub

sidiary. In regulatory practice, such subsidiaries are not directly subject to 

rate, entry, and price control. Instead, the regulator's concern is confined to 

transactions between the regulated entity and its unregulated subsidiary or 

affiliate. Thus, for example, the price charged by a subsidiary to its parent 

may be reduced if it is above fair market value. In situations where fair market 

valueconnot be established, the regulator may (as the California Public Utili

ties Commission has done with respect to major telephone companies) impute a 

maximum rate of return to the manufacturing company and disallow amounts paid 

by the parent which would result in higher rate of return for the subsidiary. 

Apart from 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, patent or know-how licensing, or general 

management. 

In the case of a solar subsidiary of a uitlity, the accounting difflculties 

may not be severe. The utility might undercharge the subsidiary for general 

management services; but otherwise 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 significant social gain, or anti-competitive difficulty, resulting from a 

truly arms-length relationship between the utility and the subsidiary. At one 

extreme, it is possible to imagine a solar subsidiary which did not in any way 

trade on the reputation, service force, or financial power of the parent utility. 

This kind of subsidiary would represent merely an investment by the utility. The 

public would gain the entry of a new competitior in the solar market, and would 

risk only the possibility that the parent utility's facility planning and rate 

proposals would be designed to maximize profits for the subsidiary. This result, 

at worst, would amount to a modest, concealed subsidy for solar facilities, and 

would provide an opportunity for discrimination against competitors. While these 

risks are plausible, their importance may not be great. Accountants for the 

regulatory commission, and potential plantiffs' antitrust lawyers, could detect 

major unreported diversions of management personnel to the solar subsidiary. 

While there is Ii ttle ~priori reason to expect substantial social gain from 

the establishment of arms-length utility solar subsidiaries, there is similarly 

no strong reason to preclude an experiment. In a few cases, utility management 

has been highly motivated to invest in and promote solar installations. A five

year authorization from the regulatory commission, especially if accompanied by 

a non-discriminatory subsidy program, would allow opportunity for evaluation and 

competition. 

Anti-competitive dangers. If the utility role is limited to subsidizing 

and financing solar installations, the anti-competitive dangers seem minimal. 

The only "distortions" which might be introduced by the subsidy would affect 

alternate fuels. As we have argued earlier, the price of those 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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would be no basis for antitrust complaint. Subsidies are so engrained in the 

system of regulation, and in the tax treatment of energy, that any legal inter

vention on antitrust or efficiency grounds would be unmanageable. 

If the utility financed solar installations, it might reduce competitive 

opportunities for banks, savings and loans and other finance institutions. Two 

theories might support an argument that the utility had an unfair advantage: 

its finance terms might include a subsidy, or it might be thought to have 

preferred access to customers through billing, convenience, or reputation. 

These latter considerations involve some genuine economies, and should be defen

sible by a regulatory commission. In strict fairness, however, the utility might 

be exp~cted to offer subsidies through any financial institution, not simply 

through its own auspices. A regulatory commission should investigate the 

administrative cost and likely degree of participation by financial institutions 

before rejecting this alternative. 

5.4.2 The Degree of Utility Subsidy 

Several criteria are possible for setting the rate at which the utility 

should subsidize solar installations: 

(1) The ·difference between the social marginal cost of solar and that of 

alternatives. As discussed above, this difference could be quite large, espec

ially if a generous allowance were made for the social cost of imported oil. It 

seems unreasonable, and quite possibly illegal, to expect utility ratepayers to 

bear these kinds of costs. 

(2) The difference between the utility's marginal costs for solar and· 

conventional power. This criterion measures the gain to all utility customers 

from solar development. 

A number of complications arise in calculating this difference; a typical 

complexity involves prediction of future costs of alternate sources. 
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Solar installations will save future fuel expenditures. These savings 

require estimating the future cost of fuel and discounting it to present value. 

If fuel costs escalated only at the general rate of inflation, this calculation 

would pose no problem--the discount rate would 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, so the margin of doubt would 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 cost of nuclear 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 average cost for power 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 cost-reduction for the system as a 

whole. It is a very stringent criterion, and not one applied to other forms of 

utility investment. The process of regulation normally results in the setting of 

rates according to broad categories--e.g., all residential users, or all such 

users in a given geographical area. No further attempt is made to distinguish 

among users who benefit from new equipment or innovations and those who do not. 

Finally, when direct subsidization of a certain end-use is deemed 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 an attempt to protect 

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. Here, as elsewhere in the law, the term "discrimination" refers 

to an unreasonable classification, or one whose- basis involves prohibited 

categories (such as race). If a utility chose the second cost-allocation cri

terion rather than the third, it could defend against any charge of discrimina

tion on the following bases: (1) that the solar installation represented a 

demonstration project, whose pr?duct 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 scale of solar investment exceeds that customary 

for demonstration plants, the investment could still be regarded as a demonstra

tion of the economic feasibility of solar, and would benefit all ratepayers by 

promoting better information and market development if solar; (3) that any 

new investment is likely to produce some relative shift in rates in favor of 

one or more classes of customers (e.g., by geographical area). 

5.5 Conclusion 

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

dization of solar installations by customers. A subsidy equal to the difference 

between the marginal cost of the next best supply alternative and either current 

average costs or the marginal cost of the solar equiNalent would be efficient and 

permissible. Direct utility involvement, 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 subsidiary 

seem modest. They are likely to be outweighed by efficiency gains where the _ 

utility's reputation, sales force, or incentive structure is particularly 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 units have individual meters; utility 

involvement might be especially appropriate here. In each case, the question 

should be approached through a regulatory evaluation of accounting procedures, 

incentives, and competitive market structure. 

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

The Pacific Power and Light Company plan for capitalizing end-use conserva-

tion loand'depends for its success upon several unique circumstances, The two 

principal local conditions which may not be generalizable are the widespread 

use of electric heating in under-insulated buildings and the presence of sub-

stantial hydro resources. The first condition offers a large and attractive 

market for conservation investment. The second condition means that the differ-

ence between marginal cost and average cost is large. This is true because the 

capital cost of the hydro is largely amortized and the running cost is negligible. 

With a large difference between marginal and average cost, more end-use conserva-

tion/substitution is cost-effective. 

In this case study the main features of the PP&L plan will be examined for 

conditions representing the Pacific Gas & Electric Company (PG&E), a large 

investor-owned utility operating in Northern California. This utility has 

proportionally less hydro than PP&L and a milder climate. Although PP&L limits 

its program to space heating effiCiency investments, the method will be extended 

here to include solar hot water heating as well. 

The case study proceeds in three major steps. First, estimates of the long 

run marginal cost (LRMC) for residential space and water heating are developed. 

Second, 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 efficiency investments clearly qualify under the· test. Solar hot water 

heating, although less expensive than the alternative LRMC, only qualifies in 

certain cases. Because there is considerable uncertainty concerning some of 

the key economic variables which determine solar performance, it is not clear 

that utility capitalization under the PP&L plan is justified. A utility end

use investment ,program incorporating both space heating efficiency investments 

and solar hot water heating will' pass the cost·-effectiveness test. The speci

fication of such a combined prograffi; is the third and final element of,the study. 

6.1 Methodology for End-Use LRMC Analysis 

The purpose of this section is to develop estimates of the marginal cost 

of electricity for particular end-uses. The analysis begins by focusing on the 

coal-fired power plant proposed byPG&E 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, including best available control technology (BACT) for emissions, 

and expressed in 1978 dollars. The capital cost is annualized using an appro

priate fixed charge rate (FCR). Fuel costs are also expressed in 1978 dollars 

with an allowance made for potential escalation in rail freight charges. 

Capital and 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 fuel. Therefore, some fraction of the capital should be 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 which to start is the effective capacity of a generating 

unit. This has. been defined in the planning literature as the amount of additional 

peak load a power system can carry at the fixed reliability level when a new unit 

is added. Due to' forced outages, this will be less than the rated capacity. For 

large units such as Fossil 1, effective capacity will be lower than for small 

units, since more back-up is needed when large units fail. If the effective cap

acity of a unit is x,where x is expressed as a fraction of rated capacity, then 

the incremental reserve requirement will be y = I-x, where y is also a fraction 

of the rated capacity of the unit in question. 

To evaluate the costs of meeting demand, one uses as reference the cost per 

kW of peaking capacity or other units with very high effecti ve capacity~ Call 

this LCC for load carrying capacity. Then demand related capital can be calcu

lated by Demand Related Capital = C$/kW_of LCC) Cl/x). This is then annualized 

with a fixed charge rate. 

Energy costs per kwh are the sum fuel cost per kwh and annualized energy 

. rela ted 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 production. 

Individual end uses will all incur the same energy costs. They will differ 

with respect to demand costs. To calculate tbe demand cost, one needs to estimate 

the system diversified load factor for the end use in question. This can be done 

by dividing the diversified demand into the annual kwh consumption for the given 

end-use. The result is an equivalent number of hours per year per kW of diversi

fied demand. This number divided by 8760 gives a load factor. The demand cost 

of a particular end-use kWh is the annualized demand related capital divided by 

the equivalent number of hours per year. 
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The cost of displaced end-use energy us just the energy cost plus the 

appropriately computed demand cost for that end use. 

6.2 Long Run Marginal Cost of Displaced Electricity - Pacific Gas & Electric Co. 

6.2.1 Marginal Cost of New Supply: Analysis of Fossil 1 

. 9 
A. Capital Costs = $1.157 x 10 

BACT = .483 
$1.640 x 109 

800 MW ~. $2050/kW (1986$) 

Using a 6 percent escalation gives a 1978 cost of $1286/kW (see Ref. 1). 

B. Annualized Capital Charges (see Ref. 2) 

Usirtg F~R = .154 

= $198/kW-yr 

C. Fuel Cost 

35 mills/kWh (1985 $) (see Ref. 2) 

Using a 6 percent deflater gives a 1978 cost of 23 mills/kWh 

Fuel cost uncertainty due to potential rail freight rate increases esti-

mated by doubling the transportation component of the 23 mills/kWh. PG&E 

estimates 8 mills/kWh for coal transportation which, when doubled, yields . 
a potential fuel cost of 31 mi lls/kh (1978 $). (See Ref. 3). 

6.2.2 Allocation of Fossil 1 Costs to Demand and Energy 

A. Demand Related Capital 

1. Effective Capacity Estimate of Fossil 1 (see Ref. 4) 

Use Garver equation for C=800, r= .12, m=350, 

Effective capacity=547MW 

= .68 Rated Capacity 

This implies that demand related capital will be 1.47 x $/kW 

of load carrying capacity (L47 = 1/.68). 
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2. Cost of Load Carry Capacity (LCC) (See Ref. 2) 

Gas Turbines$193/kW 

Geothermal $358/kW 

Combined Cycle $289/kW 

Helms Pumped Storage $3ll/kW 

Since resource plan has no gas turbine capacity, use a generic 

$300/kW. (See Ref. 1). 

3. Demand Related Capital = ($/kW) LCC x Effective Capacity Adjustment 

= $441/kW 

At FCR = .154 = $67.90/kW-yr 

B. Energy Costs 

1. Energy Related Capital - Fossil 1 ($/kW) - LCC ($/kW) 

= $1,286 - 300 

a) 

b) 

at FCR = .154 = $15l.80/kW"'yr 

Using 65 percent capacity factor - 5700 hrs/yr 

= 26.6 mills/kWh 

2. Add fuel cost at 23 mills/kWh, get 49.6 mills/kWh 

3. Adjust for losses = 8 percent, get 53.6 

Energy cost = 53.6 mills/kWh 

Wi th rail cost uncertainty - 61. 6 mills/kWh 

6.2.3 Allocation of Demand Costs to End-Use Applications 

A. Space Heat 

1. Electric Space Heat Unit Energy 

Consumption = 6827 kWh (See Ref. 5) 

(UEC) 

2. Estimate of system Diversified Load Factor 

a) Diversified Demand = 3.04 kW 

= (10kW/3.29) (See Ref. 6) . 
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c) End Use Load Factor = 26 percent 

= (2245/8760) 

B. Water Heating 

1. Electric Water Heating UEC = 4452 kWh (See Ref. 5) 

2. Estimate of System Diversified Load Factor 

a) Diversified Demand = .75 kW (See Ref. 7) 

b) Equivalent Hours/Year = 5396 

= (4452/175) 

c) End-Use Load Factor = 68 percent 

= (5936/8760) 

6.2.4 ' Cost of Displaced Energy 

A. Space Heat 

1. Demand = 30 mi11s/kW 

= ($67.90/2245) 

2. Energy = 53.6 mills/kWh 

3. Total - 83.6 mills/kWh 

B. Water Heating 

1. Demand = 11.4 mills/kWh 

($67.90/5936) 

2. Energy = 53.6 mills/kWh 

3. Total = 65.0 mills/kWh 

References (Section 6.2.1 - 6.2.4) 

1. Testimony of R. Czahar, ERCDC Docket No. 77-NOI-4, February 28, 1979. 

2. Pacific Gas and Electric Co., Fossil 1 and 2 NOI, December 1977. 
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Business Week, July 23, 1979, pp. 171-4. 
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Units," IEEE PAS-8S, 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 communication with M. Jaske, Assessment Division, 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 
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7. Feldman, S.L., R.M. Wirtshafter, M. Abrash, and B. Anderson, The Impact of 

Federal Tax Policy and Electric Utility Rate Schedules Upon the Solar Build
ings/Electric Utility Interface, October 1,1978. 

6.3 Methodology for Cost and Value Estimattionof Decentralized Substitution 
Technologies 

Capital costs for conservation and solar water heating investments are esti-

mated on a per-unit basis. These are based primarily on PP&L estimates and checked 

against LBL surveys. 

Energy savings for space heating were estimated from computer runs used to 

analyze building energy perfromance standards. The Fresno climate is treated 

as representative of the Pacific Gas and Electric Co. service area. 

Performance of solar hot water heaters was estimated using F-chart, a 

standard' computer design tool. The output of this program is the solar fraction· 

of total load. This is converted to energy, by multiplying these fractions by 

estimated electric energy use for water heating. 

To calculate the cost of utility finance with 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 generate'd 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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back to the present at the after tax weighted average cost of capital. The 

number calculated in this manner is 'a multiplier of the loan capital which 

reflects the present value of the carrying charges. 

The cost of energy displaced by end-use investment is then the capital cost 

of the substitution technology times the present value multiplier divided by 

the lifetime energy savings. This latter quantity is just annual savings times 

the economic lifetime of the investment. Since there is some uncertainty about 

the lffetimes involved, sensitivity estimates are made by varying this parameter. 

6.4 Cost and Value of Decentralized Substitution Technologies 

6.4.1 Capital Cost of Substitution Technologies 

A. Space Heating Efficiency 

1. Ceiling Insulation 

a) 22¢/ft2 retail for R-19 (See Ref. 1) 

b) R-5 to R-4l at 42¢/ft2 (See Ref. 2) 

R...,ll to R-4l at 35¢/ft2 

R-19 to R-4l at 27¢/ft2 

2. Floor Insulation 

a) 45¢/ft2 for R-ll (See Ref. 3) 

b) 40¢/ft2 for $-19 (See Ref. 2) 

3. Storm Windows 

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

b) 2 $4.00/ft ,(Portland) (See Ref. 3) 

$4.00/ft2 (Montana) (See Ref. 2) 

B. Solar Water Heating (See Ref. 4) 

Fixed Cost = $400 

, 2 
Variable Cost = $22/ft 
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6.4.2 : Performance Estimates 

A. Space Heating Efficiency: Fresno Climate (See Ref. 5) 

Comparison of building .with $~19 ceiling, R-ll walls and single 

glazing (A) with R-30 ceiling, R-ll walls and double glazing 

(C4) and R-38 ceiling, R-19 walls and double glazing (E4) . 

Bldg. Heating kWh Cooling kWh 

A 5297 2624 

C4. 3220 2309 

E4 2397 2163 

B. Solar Hot Water Heating (in percentage of solar load). (F-chart runs) 

100 ft 2 collector 
. 2 

80 ft collector 

San Diego 92.4 83.1 

Sacramento 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 charges. 

1. Capital Structure (See Ref. 6) 

52% debt at 9.4% 

12% preferred at 9.6% 

34% common at 13;0%~ 

2. Effective tax rate = 20% (See Ref. 7, 8) 

3. Estimated life of investment in rate base = 7.5 years 

4. Future Value of $1 Loan + Carrying Costs 

= toOD 
+ 

i~12 (.096) + .34 
.52 (.094) + [ 1 _ 0~20 

.., 
(~ l3)~i 
.:1 

= 2.317 

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

= 1. 096 
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B. Current Value of Substitution = (PV factor x Capital Cost)/ 

Annual Displaced Energy.x Economic Life 

1. Space Heating Efficiency 

Capital Cost Estimate = $1200* 

Estimated Displaced Energy = 3200 kWh/yr 

Economic Lifetime = 20 years 

Cost of Displaceci Energy = 20.6 mills/kWh 

If economic lifetime were 25 years, than cost is 

16.5 mills/kWh. 

2. 2 Solar Water Heating (using 80 ft collector) 

Capital Cost = $2160 

Estimated Displaced Energy (UEC x Solar Fraction) 

Sacramento 3557 kWh 

San Jose 3223 kWh 

Economic Lifetime is uncertain, so evaluation made for 

10, 15 and 20 year~~ 

Cost of Displaced Energy (mills/kWh) 

10 years 15 years 20 years 

. Sacramento 66.8 44.5 33.4 

San Jose 73.7 49.1 36.9 

References (Section 6.4.1 - 6.4.3) 

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

2. Pacific Power & Light Co., Workpapers on Potential Conservation Benefits and 
Costs for Montana Residential Customers. 

3. Jan Wright, Personal communication. 

4. Bezdek, R.B. ,A.S. Hirshborg and W.H. Babcock, "Economic Feasibility of 
Sol ar Hot Water and Space Heating," Science, Vol. 203, March 23, 1979, 
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*Capital Cost Estimate for Space Heating Efficiency 
1500 ft 2 Ceiling Insulation at 27¢/ft2 = $405 
150 ft 2 Storm Windows at $4.00/ft2 = $600 

Miscellaneous = $195 
$1200 
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5. Pacific Northwest Laboratory, Draft Report of Economic Analysis of Proposed 
Building Energy Performance Standards, PNL-3044, July 1979. 

6. Testimony of R. Czahar, ERCDC Docket No. 77~NOI-4, February 28, 1979. 
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6.5 Programmatic Implications 

The results of the previous section must be compared against the marginal 

minus average cost criterion to determine cost-effectiveness. In 1978, the 

average system cost of electricity in the PG&E service area was 37.5 mills/kWh. 

This is simply electric revenues divided by kWh sales. In Section 6.2.4, the 

LRMC for electric space heating was estimated at 83.6 mills/kWh. For electric 

water heating, the corresponding LRMC is 65.0 mills/kWh. Allowing for potential 

escalation in coal hauling charges brings this to 91.6 and 73.0 mills/kWh respec-

tively. The resulting marginal minus average cost band is 46 mills/kWh for 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 allowable costs to the estimated cost of conservation 

and solar hot water heating. Conservation investment is clearly justified. 

The annualized cost of such investment is less than half the maximum allowable 

cost, and probably closer to a third as much. The economics of solar hot water 

heating are more ambiguous. Except in one or two cases, the annualized cost, 

while less than the alternative LRMC is greater than the marginal minus average 

test. Provided the lifetime is 20 years and the rail freight charges do esca-

late as projected, solar hot water heating will pass the stringent requirement; 

otherwise it will not. 
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At this point, a subtle feature of the marg~nal minus average cost criterion 

must be recalled. This is a test for an entire program, and not for one partic-

ular investment. The PP&L plan itself involves a package of investments, some 

of which are less expensive than others. The cost-effectiveness criterion speaks 

to the average prformance of the portfolio. Therefore,the results of the previous 

calculations imply that some appropriate mix of conservation investment and solar 

hot water heating will make a cost-effective substitution for new supply. The 

policy problem is to find an appropriate mix of these investments which will 

maximize the benefit to all parties. 

There are two inter-related lssues affecting the design of a utility program 

of end-use substitution and investments. These are the proportion of solar vs. 

conservation investment and the scale of the effort as a whole. Data on the 

current aggregate consumption pattern, substitution potential and capital require-

ments of a maximal program are given in Table 4. 

These data show that the size of the electric space heating sector is 

slightly larger than the electric water heating sector. Together these form 

5.8 percent of the total market. The substitution potential in water heating is 
, 
larger than in space heating, however, since the displacable fraction is greater. 

A maximal program for single family units would have a capital requirement of 

$900 million. 

To design a feasible program we need to know how to mix the solar investment 

with the conservation investments. Since the calculations in Section 6.4.3 assume 

a range of inputs, and consequently yield a range of estimates, we must first 

select an expected value. For the purposes of designing a program, the esti-

mated expected value need not be extremely accurate. Let us choose values of 

18 mills/kWh for conservation 40 mills/kWh for solar water heating. Using these 

estimates, the conservation is 28 mills under its maximum cost and the solar is 
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Table 4 

PG&E Electric Substition Market 

Residential Space and Water Heating 

1978 Space Heating Consumption (See Ref. 1) 

Housing Type: 

A. Single Family 9 kWh = l3.-5 x 10 

B. Multi-Family -
. 8 

3.66 x 10 

Total = 17.21 x 108 kWh 

1978 Water Heating Consumption (See Ref. 2) 

Housing Type: 

A. Single Family 8 kWh = 12.61 x 10 

B. Multi-Family 8 = 2.58 x 10 

Total = 15.19 x 108 kWh 

1978 Total Utility Sales to Customrs 

Total Market Share = (1) + (2) 

9 
= 56.13 x 10 kWh (See Ref. 2) 

(3) 

= 5.8% 

4. Maximum Feasible Conservation: Single Family Housing Market 

A. Space Heating = (.5) x (14) 

= 6.78 x 108 kWh 

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

= 9.46 x 108 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 
I 

B. Estimating $2,160 capital for annual savings of 3200 kWh = 68¢/kWh 

Total Capital = ($0.68/kWh) x 9.46 x 108 kWh = $640 million 

References: 

1. M. Jaske, CEC 1978 Pacific Gas & Electric Co., End-Use Analysis, Personal 
communication, August 7, 1979. 

2. 1978 Pacific Gas & Electric Company Annual Report. 

'. 



-71-

12.5 mills over its maximum. A combined program of 2 kWh of solar substitution 

for 1 kWh of conservation would yield a mix at just about the maximum allowable 

cost. A look at Table 4, however, shows that the maximal solar substitution 

" market in single family homes is only about 1.4 times the electric space heating 

conservation market (9.46/6.78 = 1.40). Therefore, the maximum ratio of ki1o-

watt hours displaced by solar to those displaced .by conservation is 1.40 to 1.0. 

It re.mairrs to decide if this maximum ratio ought to be adopted as a program 

goal. One way to decide this is to consider the effect of uncertainty in the 

solar cost estimate. If we choose 45 mills/kWh instead of 40, and a 1.4 to 1 

ratio, we come quite close to the maximum allowable cost (i. e;, 1. 4 (45) + 18 = 

81 compared to 1.4 (27.5) + 46 = 84.5). At 50 mills/kWh and a 1.4 to 1 ratio, 

we exceed maximum allowable cost. Since some uncertainty is inherent in the 

cost estimates, a conservative approach would be to limit the solar/conservation 

ratio to 1 to 1. Extra savings associated with this more limited goal would 

reduce overall utility revenue requirements, providing an additional benefit 

to non-participants. 

Using a solar/conservation ratio of 1 to 1 allows the program to pass the 

cost effectiveness test comfortably. Due to the inherently low cost nature of 

substitution investments, it is logical to scale the program to the maximum 

feasible market for space heating efficiency. As Table 4 indicates, this is 
.. 8 

aoubt 6.8 x 10 kWh. By the previous argument,the solar hot water program ought 

to aim for the same size market. This is over 70 percent of the maximum feasible 

single family market. The capital requirements of such a program would be $720 

million. If we assume that only 90 percent of the market is actually feasible, 

then the program will save 1.22 billion kilowatt hours or about 2.2 percent of 

1978 use. The capital cost would then be roughly $650 million. 
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7.0 State Regulatory Policies and their Impact on ITC Utilization 

The purpose of this section is to examine the interactions between state 

regulatory policies and the ability of utility companies to use the invest

ment tax credits granted under Federal law. The importance of ITC carry-

forward balances ("excess ITC) was identified in section 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 new 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

cess ITC is addressed here. 

Because the determinants of ITC utilization are many and the interactions 

complex, attention is.concentrated on two major areas of state regulatory 

policy: flow-through versus normalization of tax preferences andCWIP in 

rate base versus AFUDC. These state regulatory policy options will be de

fined in some detail below. For now it suffices to identify these policy 

choices as inajor determinants of the tax obligation of utilities. If a regula

tory cornrnis.sion is interested in encouraging utilities to llse their excess ITC 

for a solar finance program, the availability of such a mechanism will depend 

on the se maj or regulatory policy choices. 

7.1 Flow-Through vs. Normalization of Federal Tax Preferences 

Two tax benefits or preferences are availabl e to the utili ties from· the 

federal government - accelerated depreciation and investment tax credits. 

Accelerated depreciation schedules e.nable the utility to depreciate their 

capital equipment for tax purposes at a rate that exceeds straight line de

preciation. This accounting method understates income in the early/years of 

the life of the equipment, and overstates it in the later years. The under

statement of income in turn results in a lower tax obligation in the early 

years, and a higher one in the later years relative to straight line 

.~ .. 



.. 

-73-

depreciation. In addition they can claim depreciable lifetimes that are 

shorter than the economic lifetime of capital equipment. (1) Investment 

tax credits enable the utility to deduct from their income tax obligation 

a stipulated fraction of their investment in new capital equipment for 

the year the equipment was put in service. Under current law tax credits 

are available for large proj ects during the construction period ("qualified 

progress payments" (2)). 

Accelerated depreciation constitutes a tax deferral. It is created by 

a "timing difference which occurs when transactions affecting taxable income 

are realized in one period, but do not enter into the determination of pre

tax accounting income until subsequent periods" (3). Its value to the util ity 

is the time value of money. Though total taxes remain unchanged, there is 

an additional benefit if there is inflation; the taxes paid at a later point 

in time are worth less in purchasing power than if they were paid immediately. 

The deferred taxes are tantamount to an interest free loan extended by the 

goverriment to the utility. Capital costs are thereby reduced. The cost of 

the loan is borne by the rest of the taxpayers who forego (some temporarily, 

others permanently) the benefit they would have derived if the taxes were 

collected and spent to increase public welfare. The benefits of accelerated 

depreciation each year are determined by the calculation method and measured 

by the product of the tax rate and the difference between depreciation for 

tax and book purposed. Investment tax credits constitute an outright grant, 

not a loan. As such their value is measured by the absolute amount of the 

credit and the yield from investing it. The total deduction may be claimed 

in one period or amortized over the life of the asset (3), subject to cer

tain constraints set forth by the Internal Revenue Service. In particular, 

100% of a company's tax obligation cannot be offset by tax credits (4). 

Both accelerated depreciation and investment tax credits are intended 
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to reduce the utility's tax obligation, thereby making more of its pretax 

income available for discretionary disbursement, assuming the utility can 

retain the benefits. In practice, this assumption does not always hold. 

Some regulatory jurisdictions permit the utility to retain the benefits by 

setti~g rates as th6ugh the tax benefits were not claimed. This i~ termed 

normalization. ,The difference between tax obligations with and without the 

tax benefit is set aside in a normalization reserve. The utility holds 

this'reserve which in the early years of the asset provides funds for plant 

replacement and expansion. In other jurisdictions the 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 ihe benefits to the current rate

payers is that they should not be charged for tax payments that will never 

have to be paid to the government (5). The only time such payments will be 

due is when a utility stops or significantly reduces new investments. Under 

normalization, there is a tradeoff between, on the one hand paying lower 

taxes during the early part 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 when depreciation expense declines,' taxable income rises, and' 

income taxes rise. When the taxes become due, presumably they would be paid 

out of the normalization reserve. If these funds have been invested in plant 

replacement or expansion, then the normalizing company must utilize the capi

tal market to raise cash (6). If the rate payers are charged the interest 

for so doing, they are paying for part of the same tax expense twice. 

Under flowthrough, it is assumed that rates will increase as deprecia

tion expense declines (1). No allowance for a reserve fund for deferred taxes 

is made in the revenue requirements. This entails a risk to the utility 

that it will not be abl e to collect enough revenues in later years to pay its 

-: 
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deferred taxes without reducing its rate of return. To collect these revenues, 

the regulatory commission must allow rate adjustments so that the allowed 

rate of return can be maintained during the later years of the asset life, 

and the elasticity of demand for electricity must be low enough so that 

the rate increases actually yield the required revenues in the later years 

of the asset life. 

The items to which normalization and flO\\i'through are usually applied 

are investment tax credits, accelerated methods of depreciation, shorter 

asset lives permitted by Class Life and Asset Depreciation Range, interest 

on funds borrowed to finance construction, removal costs of retired property, and 

and deduction of captialized overhead costs (3). 

7.2 Normalization Typically Increases ITe Utilization 

In this section a simple model of the tax. effects related to the flow-

through/normalization choice will be used to examine ITC uti1 ization. Pollow-

ing Linhart,(7) we can express the differences in the time pattern of tax 

obligation by the equations below, describing the case of a single plant vintage. 

~T. = T - T , (1) 
J PT. N. 

J J 

T t e (l-o)NJ 
+ T (DB.e DT)] 

, 
= 0 0 

l-T J J 
0 

where TpT . = taxes in the year j under flow-through 
J 

TN. = taxes in the year j under normalization 
J 

• Pe 
= rate of return on equity 

15 = fraction of total capital which is debt 

DS. = book depreciation in year j 
J 

DT. = tax depreciation in year j 
J 

N
J 

= normalization reserve at the start of year j 

j-l 
= L T (D

T - DB ) 
k=l 0 k k 

T = federal tax rate. 
0 
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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 (DOB). Under OOB, the depreciation expense in year j is given by 

2K (l-2/L) j-1 
OJ = L (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 

o = 2K 
j L 

-2j /L 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 ' 

T. = (K) ~ .[p (1-0) 
] L l-T e 

o 

+ Cl-2el - i / Ll] 

-2(j-l)/L 
( -Le 

-2/L 
+ Le - (j -1) + 1) 

(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 under normalization. This will occur when 

the sign of (3) becomes positive. Inspecting (3) closely shows that the 

sign depends upon P , 0 and L. It is conventional to treat the lifetime of . e 

investments in electrical generating equipment as 30 years long. For most 

electric utilities the debt fraction 0 is around 50%, with most variation 

in the range from 45-55%. The return on equity, p , is a realized rate of 
e 

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. Realistic values of Pe 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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) [Pe (1-0)(2.96) - 0.25] 
for Pe = .14 

l1T 8 = K 
30 

15 = .45, 

This will be true for any larger 15 
or smaller P in the relevant range. 

e 

(T~ ) [Pe (1-0)(3.26) - 0.17J 
l-T . a 

>0 for. any (p e' 0) pair with 

P (1-0) >0.052, such as 
e 

o = .50, p= .13. 
e· 

Equation (.3) must be re-written for the case in which the util i ty uses 

a shorter lifetime for tax purposes than for book purposes~ The Asset De

preciation Range (ADR) guidelines for example, allow utilities to use a 16 

year lifetime for nuclear plants and 22.5 years for conventional steam 

units (8). Using the symbols LT and LB for tax and book lifetime respectively, ego 

(3) becomes 

~T. = 
J l-T a 

j -2/ L ) 
B 

(4) 

For parameter values in the range of interest, equation (4) is not sub-

stantially different in its implications than equation (3). A few calculations 

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

and L
T

, the case where LB = 30 and LT = 16. Let us calculate l1T7: 

T2K [ ] a P
e

(1-0)(0.243)-0.019 
T7 = l-T 

o 

for P
e 

= .14; 0 = '.50; l1T7 < O. For Pe = .16, t:.T7 = 0, but this case is 

unlikely. 
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bTS > 0 for (P e , a) pairs with Pe (l-a) > 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. 

It remains to consider the more general situation of multiple plant 

vintages. The structure of eqs, (3) and (4) shows that bT. is linear in K, 
J 

the total capital cost ·of a given plant, for all years j. For all types of 

electric generating capacity the unit cost of capacity is increasing over 

time. There are, however, significant differences in the cost of a kilowatt 

of capacity across fuel types. Generally speaking the less expensive a 

fuel is, the more expensive is the capacity cost of using that fuel. Thus 

recent estimates show oil-fired capacity is less expensive than coal, which 

is less expensive 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 6T. will be less than zero. Empirical 
J 

evidence shows that the normalization reserve for utility companies is con-

tinually increasing (9). This is equivalent to bT. < 0 in the Linhart model 
J 

with superposition of all plant vintages. 

The tendency for normalization to increase taxes, hence ITC utiliza-

tion depends on (a) continual growth in Kand (b) plant additions 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 r-.nv, then even with escalation in unit capacity 

costs, K will not necessarily grow. It would not be impossible, however, 
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even in this example for the smaller proj ect to have a larger capital cost 

than the big project. If the capital cost per KW escalated at l5%/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 discussion is due to 

the role of progress payments related to the generation of ITC. Our analysis 

of equations (3) and (4) only produced 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 complicate the picture. Starting in 1978 utilities 

must take progress payments on ITC (2). Previously ITC was claimed only 

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

changed. This will affect the pattern of IrC 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 required for construction is large relative to income. In an 

unregulated industry product prices would be raised to cover the cost of 

construction. In traditional regulated utility practice the cost of funds 

associated. with construction is only recoverable when 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 recover 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 substantial litera

ture assessing the value of CWIP in rate base to ratepayer and utility 

stockholder (10,11,14,15). This literature is inconclusive and will not be 

discussed here. Instead it will be instructive to describe AFUDC, the alter

native to CWIP in rate base. For an authoritative account see (12). 

As an income stateMent iten,. AFUDC reflects both the· cost imputed tu equity 

and internal funds associated with construction, and the interest on debt and 

dividends so associated. None of the costs are realizedimnediately. 

As an income statement item AFUDC is a non-cash contribution to 

earnings. That is, revenue reqUirements are not increased to refl ect 

AFUDC at the time it is reported as income. When a particular project is 

completed, all AFUDC costs associated with it are capitalized into rate 

base along with the direct construction expenditures. That is, both actual 

interest paid on debt and imputed interest on other funds are capitalized. 

Thus the utility will earn a return on the total AFUDC costs and depreciate 

them. The addition to rate base is larger under AFUDC than under CWIP in 

rate base, but the time pattern of additions 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 util ity ties these 

funds up in construction and requires compensation for the time value of 

the capital which is not yet in rate base. As an income stat~ment item 

AFUDC represents earnings. These are then treated as an asset upon capitaliza

tion of the plant and its entering into rate base. The ability to raise the 

capital for construction has a cost, it is the total AFUDC (Le. actual plus 

imputed) associated with a given plant. This cost is recovered by captiliza

tion and subsequent depreciation. 
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Jurisdictions vary in the use of either CWIP in rate base or AFUDC. 

Some commissions use one or the other treatment consistently. In other 

cases a mixed treatment is adopted. Where AFUDC is used, the formula for 

computing its magnitude is not standard (12). One recent change of techni

que is to allow compounding of AFUDC costs. This will increase both the 

relative impact on earnings and capital costs of large scale construction. 

In 1978 a sample of the fifty largest investor owned.electric utilities 

showed that 38% of income on the average consisted. of AFUDC (13). Statis

tical studies have shown that AFUDC has a negative impact on the value of 

utility equity shares (14, 15). Given the magnitude of AFUDC, its impact 

on taxes can be expected to be large. It is to this subject that we now 

turn. 

7.4 CWIP in Rate-Base Produces a Smooth Flow of Taxes 

The motivat ion for CWIP in rate base is to smooth out the cash flow 

of utilities engaged in large construction projects. This smooth~ng effect 

corrects cash flow imbalances associated with AFUDC. This basic effect will 

carryover to the stream of tax obligations and tax payments under CWIP in 

rate base. The reason for this is simply that AFUDC as an item of income 

is not realized as cash, therefore is not taxable. When capitalization 

occurs, i.e. at the end of the construction period, AFUDC will produce 

greater revenues, taxable income and tax obligation than rate-basing CWIP. 

This is due to the extra increment to rate base associated with the capita

lized AFUDC. 

Once an asset is capitalized the time pattern of depreciation, income 

generation and tax generation will be parallel for AFUDC financing and CWIP 

in rate base. But .since AFUDC financing means a larger rate base, then the 

time path of depreciation, income and taxes will be greater than AFUDC by a 

constant ratio. This ratio is the direct construction cost plus capitalized 

AFUDC to construction cost alone. 
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A graphit display of the time path of tax liability and after tax profit 

associated with AFUDC for, a single plant vintage has been calculated by 

Chapman (16); It is reproduced in Figure 2. The negative tax liability during 

the construction period affects progress payments on ITC. After tax profit 

during this period is not cash. The time pattern of tax liability during '. .' 
the operational period is governed by the ~egulatory specification of ~low-

through accounting. As demonstrated in sec. 7.2, normalization would show 

greater tax 1 iabil ity in years one through year seven or eight and lower 

tax liibility in years 8 through 16 co~pared to Figure 2. At year 16 in 

this case (nuclear plant) tax liability increases' dramatically as the bene-

fits of accelerated depreciation are exhausted. 

Under CWIP in rate base the time pattern of profit and taxes would be 

compressed toward the horizontal axis of Figure 2'. During construction, profit 

would be smaller since there would be no non-taxable AFUDC income. The pro-

fit in this case would be immediately realized as cash, and not a promissary 

note for future payment. During the operational period revenues associated 

with the plant will be smaller under CWIP than AFUDC. This is due to the 

smaller rate base. With smaller revenues, the tax liability will be corres-

pondingly smaller. As argued above, the shape of the curves should be 
I 

similar under flow-through and smoother under normaliiation. 

7.5 Conclusion 

Federal taxation introduces major complexities into state regulation 

of electric utilities. Conversely particular regulatory practices have major 

impact on utility tax payments. Any solar finance plan will interact with 

the overall utility tax payments. As argued in sees. 3.3 and 6.0, this 

interaction can have cost implications favorable to such programs. Yet this 

need not be the case in other circumstances. The California case study was 
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conducted for a utility which uses AFUDC and flow-through.· Where substantial 

capital is tied up in construction, these regulatory practices can produce 

excess ITC. It is less likely to find excess ITC where CWIP and 

normalization are adopted. Both of these latter practices tend to produce 

a smoother flow of taxable income and tax liability than AFUDC and flow

through. Excess ITC seems to result from a timing lag between ITC generation 

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

this lag, there will be less unutilized ITC. 
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