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FOREWORD 

This paper on PURPA and its impact on the development of solar energy was prepared by 
the Solar Energy -Research Institute (SERI) to  fulfill, in part, SERI1s solar information dis- 
. semination function. The paper is part of the Market Development Branch Law Program, 

which is in turn part of the overall program of the Commercialization Division. The 
function of the SERI Law Program is to identify and analyze significant legal issues 
affecting the development of solar technologies. 

This paper was written as  part of the Law Program's 1979 Summer Law Intern Program. 
The Program provided an.opportunity for law students to research and address topics 
relating to law's impact on solar energy. The 1979 Program resulted in eighfpapers that 
discussed primary legal issues that  are, or will be, generated by the coinmercialization of 
solar technologies. 

\ 
The author of this paper, Michael Rice, was a law student a t  Northeastern University 
School of Law while he was participating in the Program. He is now a second-year' 
student a t  the Northeastern University Law School. The Law Program is supervised by 
Jan G. Laitos, SERI Senior Legal Specialist. 

.... - 
. ~ a m ' F e a s b y ,  Chief ..... 

Market ~eve lopment  ~ r a n c y  
8 

Approved for: 

SOLAR ENERGY RESEARCH INSTITUTE 

u w  & 
Jon M. Veigel, Assistant Direc r 
Commercialization Division 
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SUMMARY 

Solar and other renewable resources can be harnessed to generate electricity by small, 
decentralized, independently-owned facilities. Such facilities are flexible and may be 
better suited to innovation than a re  public utilities; however, they often depend on in- 
termittently available energy resources and lack the size and consumer diversity that  
enable public utilities to match output to a variable demand. The advantages of small, 
independent facilities can be combined with the advantages of large public utilities by 
interconnection between them. Such interconnection allows the sale of excess electric- 
ity from independent facilities to  public utilities and the sale of backup energy from 
utilities to  independent facilities whenever the independent facilitiest output falls below 
demand. Interconnection saves: 

the fuel that  would be expended by the utility to  generate the equivalent amount 
of energy; 

an amount of utility generation capacity expansion equal to  the increased 
demand that  can be met by the independent facilities interconnected with the 
utility; and 

the cost of the duplicate generating equipment or of the storage capability that  
would be  required t o  make the independent facility self-sufficient. 

The national goals of energy conservation and development of renewable energy re- 
sources a r e  both met by encouraging independent small power production. Interconnec- 
tion and suitable rates for the exchange of energy between such facilities and public 
utilities are essential incentives to such development. 

The Public Utility Regulatory Policies Act of 1978 (PURPA) is designed to  promote ener- 
gy conservation, the efficient use of utility resources, and equitable rates. PURPA spe- 
cifically requires the Federal Energy Regulatory Com mission (F ERC) to  encourage small 
power production from renewable resources (and als6 cogeneration of electric energy a s  
well a s  heat) by setting standards under which facilities qualify for interconnection, and 
guidelines for sales between utilities and independent facilities. The way FERC carries 
out  this mandate may critically affect  the development of solar alternatives to  electric 
power production from fossil and nuclear resources. This report comments on proposed 
FERC regulations and suggests possible ways to  encourage small power production within 
the  PURPA mandate. In addition, some internal strains within PURPA are  analyzed that 
seem to  limit the effectiveness with which FERC can encourage independent facilities, 
and possible modifications to PURPA are  discussed. 

The effectiveness of the proposed rules under S 201 of PURPA, setting standards that '. 

small power production and cogeneration facilities must meet to  qualify for interconnec- 
tion and certain exemptions, could be enhanced if: 

The process of qualification were by generic rule rather than by case-by-case 
adjudication. 

There were no minimum size for qualification. 

The allowed fossil fuel use by small power production facilities were increased, 
particularly for solar thermal facilities. 

The status of facilities that are a hybrid of cogeneration and small power produc- 
tion were clarified, subject to a liberal interpretation favoring qualification. 



In addition, the report notes a statutory inconsistency between the maximum size of 80 
MW for qualifying small power production facilities, 30 M W  for exemption, and a thresh- 
old of 500 million kwh annual sales which subjects utilities to reporting requirements in 
Title I of PURPA. The report suggests that the references in Title II to 80 M W  and 30 
MW be replaced by an annual production criterion of 500 million kwh (which is equivalent 
to an 80 M W facility operating at 70% capacity). . 
Section 210 of PURPA requires FERC to establish rates, or guidelines for rates, for the 
exchange of energy between utilities and interconnected qualifying facilities. The pres- 
ent report finds that standard ratemaking principles and a policy of energy conservation 
are best satisfied by rates based on a sharply time-differentiated energy charge that 
subsumes a demand charge. The predicament of the self-generator, that is, the small 
power production facility designed to meet a portion of its own electric needs, is a poi- 
gnant illustration of the inequity of conventional demandlenergy rate stri.icti.~~s, A scp- 
tirate demand charge based on the monthly noncoincident peak demand ignores the sta- 
t ist ical nature of the backup demand by self-genera tors and treats such producer-con- 
sumers discriminatorily relative to other CQnsumers. 

If demandlenergy rates are nevertheless used,.this report suggests: 

that a capacity credit be calculated for each' qualifying facility-even for inter- 
mittent producers such as wind energy conversion systems; 

that capacity credit be based on the same statistical methods that would be used 
to calculate the effective load carrying capability of equivalent facilities owned 
by the utility; and 

that energy sales to qualifying facilities be priced on a flat or an inverted-block 
basis, with the facility considered to be a member of the consumer class in which 
it would be but for the self-generation. 

It is noteworthy that the solution suggested here, a timedifferentiated energy rate that 
subsumes demand charges, is simpler and results in about the same charge. 

The report suggests that exchanges between public utilities and qualifying cogeneration 
and small power production facilities are more properly modeled on pooling arrangements 
among public utilities thm on wholesale and retail tr~nsec?tinns, It? particular the report 
suggests an experimental rate to residential self-generators based on the net of the ener- 
gy used less the energy supplied back to the utility. Such a rate can serve as a major 
incentive to solar development and does not harm the interests of the remaining rate 
payers at least until more than one percent of the residential energy consumption in a 
utility is supplied by self-generation. The report finds that utilities can absorb a signifi- 
cant amount of variable electric energy from independent facilities without adverse 
effects-relative to small independent facilities, public utilities behave as "infinite reser- 
voirs" of power production. 

This report suggests that modifications to PURPA allow: 

qualifying facilities to make final sales and to obtain orders from FERC requiring 
utilities to wheel power to subsidiaries or to other private consumers; 

energy sales from qualifying facilities to utilities to be credited against pur- 
chases, thus providing for net energy purchases by self-generators; and 

generation capacity subsidies by utilities to qualifying facilities. 



Finally, the report suggests that public utilities be required to frame expansion plans 
with due regard to conservation of nonrenewable energy resources and economy of in- 
vestment. Load management techniques, including incentive pricing, could be used to 
shift energy use away from times of peak demand and thus minimize the need for 'expan- 
sion. Even off peak, however, the use of electric energy for purposes which are more 
efficiently served by direct use of fossil fuels or renewable resources should be strongly 
discouraged. Expansion plans should take into account independent as  well as  utility- 
owned facilities that generate electricity from renewable energy sources-both in assess- 
ing the total need for expansion, and in assessing the optimal mix of generation and stor- 
age capability. 
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SECTION 1.0 

INTRODUCTION 

In PURPA [ll, Congres endorses two unconventional modes of electric power produc- 
tion. The act requires FERC [Zl to llprescribe, and from time to time thereafter revise, 
such rules as it determines necessary to encourage cogeneration and small power produe- 
tion1l[31. A cogeneration facility is one that produces both electric energy and "steam or 
forms of useful energy (such as heat) which are used for industrial, commercial, heating, 
or cooling purposesf1 [4. A Itsmall power production facilityf1 is defined as one that pro- 
duces electric energy from biomass, waste, or renewable resources, and has no more than 
80 MW of generating capacity [51. 

PURPA exempts flqualifyingll cogenera tion and small power production facilities from 
certain laws governing other electricity producers [61, and requires FERC to design rules 
under which such facilities can sell excess electric energy and buy backup energy from 
public utilities at nondiscriminatory rates 171. The act defines a l1qualifyingl1 cogenera- 
tion or small power production facility as one that is "owned by a person not primarily 
engaged in the generation or sale of electric power (other than electric power solely 
from cogeneration facilities or small power production facilities)" and "which the Com- 
mission determines, by rule, meets such other requirements . . . as the Commission may, 
by rule, prescribe" [81. 

The subject of this study is the interconnection of small power production and cogenera- 
tion facilities with electric utilities, and the regulation of the rates at  which the utility 
buys excess energy from such independent facilities and sells backup energy to them. 
Such interconnection is vital to the independent producers, for it would in most cases be 
prohibitively expensive for them to be self-sufficient. This interconnection is also useful 
in two ways. First, it makes the decentralized production of electricity from solar 
resources an economic possibility. Second, interconnection decreases the amount of 
fossil fuel that is used to generate electricity. PURPA is a constant theme throughout 
this repmt. It is the basic legal document that establishes and regulates small power 
production facilities and cogeneration facilities and governs their interconnection with 
utilities. 

1.1 SMALL POWER PRODUCTION FACILFIlES 

Small power production facilities (SPPFs) conserve conventional fuel. They must use 
renewable solar energy sources except for limited quantities of oil or gas for startup and 
flame stabilization [91. Each unit of electric energy generated by renewable resources 
saves' or displaces more than three units of fossil fuel energy, for it takes over three 
wils uf fuel lu pruduct! orlt! u111l of elwlric ellergy ill ti s1eti111 generator pltint [lo]. 

SPPFs will use a variety of technologies: forest or agricultural biomass specially har- 
vested as fuel, waste wood, other industrial or municipal waste, wind energy, sunlight 
directly converted to electric energy in photovoltaic cells, sunlight concentrated onto 
steam boilers usi~lg conventional steam turbine genera tors, and hydroelectric plants 
reactivated or installed at existing dam sites [Ill. Energy from the ocean (currents, 
waves, tides, or thermal gradients) could be used but is not considered since it is unlikely 
that this can ba done on a llsmallll scale 1121. This report is coneemed with intereomec- 
tion issues and will use biomass, wind energy, photovoltaic systems, and small hydroelec- 
tric projects as primary examples. 



The use of solar resources not only conserves nonrenewable resources, but also is far  less 
damaging to the  environment than the use of fossil and nuclear fuels. This report will 
not deal directly with the environmental impact of extraction, transportation, and 
dispersal of combustion or waste products into the  environment. However, the cost of 
providing electric service is analyzed, and the  hidden costs of conventional power a re  
briefly examined. 

"Small power productiontt is limited by PURPA to  under 80 MW, and is considered 
decentralized or distributed production. It lends itself to use by individual industrial 
plants, commercial parks, communities, and individuals. Decentralized production 
located near the  point of end use minimizes transmission losses, which represent about 
10% of all electric production 1131. Decentralized production is flexible in its ability to 
match the best available local source of solar energy to  the particular end use. Small 
facilities require less lead time to plan and build and hence are less subject to inflation 
[14. They provide additional local employment opportunities and increased state income 
through taxes and (in the  case of biomass) vehicle registrations [151. Small, decentral- 
ized f ~ n i l i t i e s  Rre lets vulnerable to disruption or failure compared to centralized 
facilities and the  consequences of system failti* Mare l e s  dpe [161. Perhaps most 
important for the  long-run saving of energy resources, small locally owned facilities a re  
consistent with values of self-reliance and entrepreneurship and are thus more innovative 
in unconventional power production than are public utilities [la. 

13 COGENERATION PAC-ES 

Energy resources can b e  conserved, in  the  production of electric energy, if all the  fuel's 
energy is put to use. Only about one-third of the heat energy input is transformed into 
electric energy [181. The other two-thirds is largely exhaust heat  that  is usually wasted 
and of ten the source of heat pollution of streams. In the  typical steam generating plant 
the  exhaust heat  is spent steam, low pressure, and low temperature. Ordinarily this 
steam must be condensed in order to be  returned to the boiler to  make new high pressure 
steam. But, there is no physical reason not to use the  spent steam for space- heating or 
industrial purposes. Systems designed to use both electric energy and exhaust heat a re  
called cogeneration systems. Thus, cogeneration facilities (CFs) conserve energy re- 
sources even if they use conventional fuels. 

PURPA does not require of CFs, as it  does of SPPFs, that  the primary energy source be 
solar. Even if they use fossil fuel, cogeneration facilities obtain at least twice as much 
usable energy from one unit of fuel energy as conventional power plants can, for the  fuel 
in CFs  provides usable heat energy as well as electric energy [19]. Nonetheless, CFs can 
conserve energy more effectively if they generate steam from solar sources. The spent 
steam from solar thermal installations (using concentrated sunlight to heat the boilers) 
can b e  used fcr industrial process heat, a f ter  it has provided the  mechanical energy to 
t u n  the steam turbine. Biomass fuel, such as waste wood in the forest products industry, 
cgn also be used to produce steam. Some of the  largest industrial cogeneration facilities 
use such waste; a detailed example is provided in Section 5.1.1 1201. 

1.8 MTBRCONNECTlON OF SPPFS AND CPS WlTH PUBLIC UTILITIES 

Cogeneration and small power production facilities-especially those using intermittent 
energy sources such as wind or sunlight-have one major disadvantage relative to  public 
utilities: they cannot readily match their instantaneous power output to  the instantan- 
eous demand. 



Public utilities have large numbers of customers whose aggregate demand tends to 
smooth out extreme fluctuations; that is, demand peaks of individual customers do not 
often coincide. Most demand fluctuations are predictable. The basic need is often met 
by baseload generation in nuclear and coal-fired plants, where fuel is relatively inexpen- 
sive and response time is sluggish. Peaks are met by more responsive, less cost-effective 
gas turbine generators, but only a small fraction of the total electric energy is so pro- 
duced. Moreover, many utilities have pumped hydro energy storage facilities to further 
compensate for demand fluctuations. Finally, electric utilities have wholesale and pool- 
ing agreements whereby utilities whose demand peaks do not coincide can exchange elec- 
tric energy. 

It may be possible for a small solar or cogeneration facility to make itself energy 
independent by installing enough energy storage capacity; however, energy storage is 
expensive and not very efficient. For example, for every three units of electric energy 
used to pump water into an upper reservoir, only two units of electric energy become 
available when the water is returned to the lower reservoir [2 U. Moreover, even CFs and 
biomass SPPFS, which are less vulnerable to energy supply problems than facilities 
depending on wind or sunlight, must face the problems of forced outages and planned 
shutdowns for periodic maintenance. Unless users are prepared to do without electric 
power or to install duplicate equipment, they will need backup energy from external 
sources C221. T 

The most cost-effective way to match the generating capability of CFs and SPPFs to the 
demand upon them is interconnection with public utilities. Interconnection permits CFs 
and SPPFs to sell energy to the utility whenever the rate of production exceeds that of 
consumption, and to buy backup energy when needed. Section 210 of PURPA requires 
FERC to encourage CFs and SPPFs by setting standards requiring utilities to buy excess 
energy and to sell backup energy to qualifying CFs and SPPFs at nondiscriminatory rates. 

1.4 PERTINENT PROVISIONS OF PURPA 

Title II of PURPA is directly relevant to the principal theme of this report-the inter- 
connection of public utilities with independently owned facilities for cogeneration or 
electric power production from solar sources. Parts of Title II are summarized in Section 
1.4.1. Title I of PURPA generally addresses ratemaking standards and seeks to encoup 
age or discourage various utility operating practices. The ratemaking standards are im- 
portant in the implementation by FERC of the interconnection mandate of section 2 10. 
Title I is discussed briefly, fonowing the exploration of Title II. 

1.4.1 Title II of PURPA: Cogeneration and Small Power ProQetion 

Section 210(a) of PURPA requires FERC to prescribe rules that require utilities to sell 
electric energy to qualifying* cogeneration and small power production facilities and to 
purchase electric energy from them. The rules must include provisions respectin 
minimum reliability** of such facilities and may not authorize a qualifying facility (QF 
to make any sale for purposes other than resale. 

5 

**Reliability is a technical term of the greatest importance to this study and is explained in 
Section 2.2. 



The rules prescribed by FERC concerning the purchase by utilities of e x c e s  energy from 
QFs must assure tha t  ra tes  are ,just and reasonable to  the  electric customers of the 
utility and may not discriminate against* QFs [231. No rule shall provide for a rate  that 
exceeds the incremental cost to the  utility of alternative electric energy [24. "Incre- 
mental cost to the utility of alternative electric energy" is defined as the cost to the  
utility of the electric energy which, but for the  purchase from the QF, the utility would 
have to generate or purchase from another source [251. The rules prescribed by FERC 
concerning the sale of backup electric energy by the utility to the  QF must assure tha t  
the  rates are  just and reasonable and in the public interest and do not discriminate 
against the QF [261. Rules pursuant to 5 201 of PURPA have yet  to be  proposed, but 
FERC has issued a Staff Paper that out lines the approach FERC expects to  take [27l. 

Section 201 of PURPA defines small power production facilities and cogeneration 
facilities, and, in addition, requires FERC to issue rules that state the requirements that 
must b e  met by qualifying SPPFs and CFs. FERC has issued Proposed Rules pursuant to 
S 201 1281. 

Section 210(e) requires FERC to issue rules under which QFs are exempt in whole or in 
par t  from the Federal Power Act, the  Public Utility Holding Company Act, and s ta te  
laws and regulations respecting the rates or the  financial or organizational regulation of 
electric utilities. FERC1s Staff Paper indicates its intention relative to exemption rules 
[291. 

The regulations to be  issued by FERC relative to  the  definition of qualifying facilities, 
and those relative to exemption and rates for the sale and purchase of electric energy 
from QFs by utilities, will have a major impact on the commercialization of solar 
production of electric energy and cogeneration. This report examines how these rules 
might b e  formulated to provide the  maximum encouragement of cogeneration and 
independent solar production of electricity. To the extent that restrictions in PURPA 
itself serve a s  barriers to such encouragement, modifications will be  proposed. To the  
extent that  FERC1s proposed rules or announced approach to ra te  structures for sales 
between utilities and QFs are less favwsble towards sohr commercialization than would 
b e  permitted by PURPA, comments regarding FERC rulemaking will be offered. 

The issue of fairness-"just and reasonable and in the  public interestfLpermeates the 
language of 55 210(b) and 210(c). These two sections govern the  rates to  be regulated by 
FERC regarding the purchase of electric energy by utilities from QFs and the sale of 
electric energy by utilities t o  QFs. The Conference Report 1301 and Title I of PURPA 
make it possible to  discern the  congressional intent behind "just and reasonable." The 
Conference Report states tha t  5 210 is "not intended to require the rate payers of an 
electric utility to subsidize cogenerators or small power producers" [3U.  The inter- 
pretation of "just and reasonablen in Title I is discussed in Section 1.4.2. 

1.4.2 Title I of PURPA: Ratemaking Standards 

Title I sets federal standards for electric utility ratemaking and practices. The entire 
t i t le  serves the  purposes of conservation of energy, efficiency of use of facilities and 
resources by utilities, and equitable ra tes  to consumers [32]. The ratemaking standards 
call for: 

rates based on cost of service to each class of customers, 

an end to declining block rates for the energy component of the  rate, 
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time-of-day rates, where cost effective, 

seasonal rates, 

interruptible rates to be offered to commercial and industrial users, and 

load management techniques to be offered to consumers where it will be cost 
effective [331.* 

The operational standards are not directly relevant to the subject of this report. They 
concern master metering, automatic adjustment clauses, information to consumers, pro- 
cedures for terminating electric service, and advertising [34. 

The federal standards are not obligatory to the state regulatory authorities. 
Sec tion I1 l(a) requires state regulatory authorities to consider each standard, "and make 
a determination concerning whether or not it is appropriate to implement such standard 
to carry out the purposes of this title." In addition, 5 Ill(b) sets procedural requirements 
for consideration and determination and 5 Ill(c) requires the state regulatory authority 
to make a public statement in writing of reasons for rejecting any standard not adopted. 
Even though the standards RE not to be imposed upon the states, they do suggest the 
intent of Congress with respect to which rate structures are just and reasonable. 

The pressure on states to conform to federal standards is considerable, and it seems 
likely that most states will conform to a majority of the standards. Section 112(b) 
requires state regulatory authorities to complete consideration of the federal standards 
within three years of the enactment of PURPA (i.e., by 9 Nov. 81). The Secretary of 
Energy as well as "any electric consumer of an affected electric utility may intervene 
and participate as a matter of right" in such consideration (emphasis added) [35]. In the 
event of noncompliance by a state regulatory authority, the authority "shall undertake 
the consideration, and make the determination . . . in the first rate proceeding com- 
menced 3 years after the date of enactment" [36]. Noncompliance with this last, highly 
specific requirement would seem to render the outcome of any rate hearing begun after 9 
Nov. 81 vulnerable to court challenge. This virtually guarantees that each state regu- 
latory authority will consider the federal standards and make a determination. The 
requirement of a written public statement of the reasons for rejecting any standard not 
adopted represents considerable pressure to conform. 

1.4.2.1 The Constitutionality of PURPA 

The state of Mississippi has filed a constitutional challenge to PURPA on the grounds 
that PURPA established federal standards regarding intrastate utility regulation 1371. 
The Mississippi complaint recognizes that 

[elnforcement [of PURPA] requires the State . . . to show cause why 
federal regulatory standards should not be adopted in contravention of the 
sovereign [sic] right of the State . . . to exercise its own policies and 
jurisdiction as to retail electric . . . rates. 1381 

The act is likely to withstand constitutional attack. In the first place, the act is an 
effort to deal with an area of split jurisdiction. Before PURPA, FERC had jurisdiction 

*The meaning and significance of these standards will be explained in greater detail in the 
body of this report. I 

5 
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over the sales of energy from producers (because, in most cases, the energy is subject to 
resale in interstate commerce) while the states had authority over retail purchases by 
the same producers. FERC expects to implement the federal mandate by setting guide- 
lines and leaving to the state regulatory authorities the day-to-day regulation of both 
sales and purchases by CFs and SPPFs 1391. The interconnection of qualifying facilities 
and their sales into interstate commerce of excess electricity would seem to bring their 
regulation within the purview of the commerce clause 1401. In the second place, PURPA 
is expressly based on the congressional "finding" that the provisions of the act are 
required for the llprotection of the public health, safety, and welfare, the preservation of 
national security, and the proper exercise of congressional authority under the Const itu- 
tion to regulate interstate commercef1 1411. Third, the doctrine of federal preemption is 
well established and especially likely to be upheld in areas of legislation where a clearly 
national problem, such as the "energy crisis," is confronted [42]. 

1.4.2.2 Cast of Service 

The predominant emphasis of the PURPA ratemaking standards is on having the rates 
reflect the cost of service.* There is, however, a dearth of information upon which the 
actual cost of electrical service can be based. Accordingly, § 133 of PURPA requires 
FERC to formulate rules under which information can be gathered that will facilitate the 
determination of the cost of service to each consumer class. FERC has issued rules for 
the gathering of this information [431. 

The gathering of data pursuant to 9133 and FERC regulation Subchapter K, Part 290 will 
yield a more accurate calculation of the' cost of electric service. An accurate value for 
the cost of service does not, however, resolve one major conflict of ratemaking: should 
cost-of-service computations be based on accounting costs or on marginal costs? Ac- 
counting costs are historical (or embedded) costs-the financing of past capital expendi- 
tures-plus operating costs. Marginal costs are the incremental costs of producing one 
more unit of something. 

Marginal cost analysis is important because it leads to an economically efficient 
allocation of resources among the whole spectrum of choices available to a consumer. 
Applied to electric utilities, marginal cost analysis makes possible an economically 
accurate choice among different sources of energy (including the choice that a particular 
energy-consuming activity is not economic). As applied to electric service, marginal 
costs are usually taken to be Long Range Incremental Costs (LRIC). LRIC are the incre 
ments of cost incurred by one additional unit of demand for energy and power, over a 
prospective 10-yr period. This complex problem is explored in greater detail in See- 
tion 4.0. Marginal cost analysis may serve as a better measure of the social usefulness of 
solar energy than accounting d6St BtialySiS. 

1.5 THE SCOPE AND ORGANIZATION OF THIS REPORT 

The subject of this report is the interconnection with utilities of independently owned 
facilities for cogeneration (of electricity and usable heat energy) and for the generation 

*PURPA does not set a cost-of-service rate as an absolute goal. Section 11 4 authorizes 
state regulatory authorities to allow lifeline ra tes-lower rates than those permitted by 
the standards of S 1 l l (dl. In fact, S 11 4(b) requires state regulatory authorities to con- 
sider whether lifeline rates should be implemented. 
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of electricity from solar resources. The principal legal issue addressed is the implemen- 
tation of PURPA by FERC. Regulation at the state level is not addressed directly, even 
though it is likely that FERC win leave much regulatory detail to state regulatory 
authorities [44. The report discusses regulation approaches under PURPA that would 
provide the large9 possible encouragement to the commercialization of solar technol- 
ogies for electric power production. Insofar as PURPA itself restricts encouragement, 
the report proposes modification of PURPA. Insofar as FERC regulation.may fall short 
of the incentives proposed in this report, the proposals may nevertheless be adopted by 
state regulatory authorities; in that sense this report ,addresses itself to state 
regulation.* 

Section 2.0 of this report describes the technical function of the electric utility-its role 
as producer of energy and supplier of power, its reliability, and load management. A 
clear understanding of the way utilities function is fundamental to the discussion of their 
interconnection with external generation facilities. Reliability and load management are 
technical concepts that play an important role relative to interconnection, and both are 
extensively addressed in PURPA. 

Section 3.0 is an analysis of FERC1s Proposed Rules under 5 20 1 of PURPA, setting 
standards for qualifying small power production facilities and qualifying cogeneration 
facilities. Four changes in FERCfs proposed rules are suggested, relating to proposed 
certification procedures, minimum size limitations, maximum fossil fuel consumption by 
SPPFs, and a needed clarification of the status of facilities that could qualify in part as 
CFs and in part as SPPFs. In addition, a definition in PURPA that limits the capacity of 
SPPFs and represents the threshold of qualification is discussed and a modification is 
suggested. 

Section 4.0 is a discussion of the principles of utility ratemaking with special emphasis on 
marginal cost pricing. Section 210 of PURPA requires FERC to establish rules regarding 
rates for the purchase of backup energy from utilities by qualifying CFs and SPPFs and 
for the sale of excess energy to utilities by such facilities. 

The rates for such exchange of energy will have a profound effect on the commercializa- 
tion of solar production of electricity and cogeneration. The function of Section 4.0 is to 
provide a framework for the subsequent discussion of FERC regulation under 5 210. 

Section 5.0 presents a case study of an inadequate rate structure for interconnected 
facilities. The section then recommends rates for sales and purchases by utilities to and 
from qualifying facilities. Finally, - two special problems are addressed-that of very 
small (residential) generation facilities and that of energy storagein the context of the 
issue of cross-subsidization among electric utility ratepayers. 

*An example of disjunction between FERC and state regulation is built into PURPA at 
5 210(a): "[FERCI rules may not authorize a qualifying cogeneration facility or qualifying 
small power production facility to make any sale for purposes other than resale.'l This 
limitation on FERC1s authority is not intended by the House and Senate conferees to 
"limit the States from allowing such sales to take place. The cogenerator or small power 
producer may be permitted to make retail sales pursuant to State law1' 1451. Thus, state 
regulation may be more encouraging to solar commercialization than FERC regulation. 





THE OPERATION OF ELECTRIC UTfL l l7ES  

The interconnection of an independent solar or cogeneration facility with a public utility 
modifies, to some degree, the operation of the utility. Since interconnection necessarily 
infringes upon the au tonomous operation of the utility, it invites utility opposition. The 
legal issues concerned with the interconnection required by PURPA, 55 202, 210, cannot 
be understood without a rudimentary understanding of the way a utility operates. The 
basic concepts that must be understood are energy (kilowatt-hours), power (kilowatts), 
and the related ideas of demand, capacity, and load management. This section attempts 
to provide that understanding. 

A knowledgeable reading of Titles I and I1 of PURPA and an understanding of intercon- 
nection issues require acquaintance with the technical concepts of reliability and load 
management. Section 2.2 begins with a brief technical description of reliability, the 
cost-effectiveness of various levels of reliability, and different ways to achieve system 
reliability. The discussion then notes that the PURPA treatment of reliability could be 
construed and implemented in ways that would provide a disincentive to solar production 
of electricity. A proposal is made that the reliability be determined not of the individual 
independent facility but rather of the composite system, consisting of the utility plus the 
interconnec ted independent facility. 

The subject of Section 2.3 is load management-a variety of techniques to minimize 
fluctuations in the load or power demand made on the utility. Cost-effective manage 
ment of an electric utility requires that the generating capacity of a utility be used as 
fully and uniformly as possible. The unmanaged demand for electric energy varies with 
the time of day and season. The irregular demand cannot be met by a uniform rate of 
production of electric energy, because electric energy cannot be generated at  one time 
for use at another [461. It is possible to smooth the fluctuations in demand, however, by 
wheeling and pooling among utilities with noncoincident demand peaks, the reversible 
conversion of electric energy into storable forms of energy, and providing incentives to 
change consumer demand patterns. These techniques are discussed in Section 2.3, 
including a comparative evaluation of storage methods. 

2.1 THE PUBLIC UTILITY AS SUPPLIER OF ENERGY AND POWER 

2.1.1 . Kilowatt-hours: Electric Energy and Fuel 

When the consumer of electricity connects a load to the entering transmission lines (e.g., 
turn  on a light), electric current flows through the transmission lines. When electric 
current flows through the lines, they deliver electric energy proportional to the amount 
of current. Electric energy is measured by a watt-hour meter in kilowatt-hours (kwh) 
and cannot be stored, as is mechanical energy in a flywheel or thermal energy in a hot 
water tank. Electric energy is only a transitional stage between the source energy a t  the 
power plant and the end-use energy on the consumer's premises. 

The immediate source of energy at the power p l ~ n t  is the mechanical energy of the 
turbine that turns the electric generator. This may be derived from the decrease of the 
gravitational energy of water as it descends from behind a dam; high pressure, high 
temperature steam as it expands through the turbine; or a variety of other sources. 



Steam may have obtained i ts  thermal energy from the chemical energy stored in coal or 
biomass [471. At  the  consumerfs end, e lectr ic  energy is instantly transformed into 
thermal  energy in the  filament of a light bulb, for example, or into mechanical energy by 
a motor. The motor in turn may run t h e  compressor of a refrigerator, which operates as 
a hea t  pump, "pumpingv heat  from a cooler place (inside the refrigerator) to  a warmer 
place ( the  kitchen). 

2.1.1.1 Units o f  Energy Measurement 

The  consumer buys energy, measured in kwh. The more kwh of energy the  consumer 
uses, t h e  more kwh of mechanical energy must he t rmsformed into eleotrio energy by 
the  utility. If the  utility uses s team generation, i t  must use about 3 kwh of chemical 
energy in fuel t o  generate  1 kwh of electr ic  energy [481. 

The chemical energy in biomass and fossil fuels and the heat released in  their combustion 
is generally expressed in calories or Btus (British thermal units). Mechanical energy and 
electr ical  energy transfers are often expressed in joules (J). (Since J is defined as 1 
Watt-second, 1 kwh = 1000 W x 3600 sec = 3,600,000 J.) Table 2-1 is a conversion table 
among these energy units. 

Table 2-1. ENERGY UNlT CONVERSION TABLE 

joule 
- - 

calorie Btu kwh 

National energy consumption is often reported in quads (1 quad = 1 quadrillion Btu = 1015 
Btu) and runs to almost 80 quads annually [49]. TQ express quads in erms nf the other 

15 energy units, multiply the numbers in t he  third row of Table 2-1 by 10 . 
2.1.1.g The She of Energy Units 

The f ~ l l ~ w i n g  list is intended to help the reader visualize t h e  s ize of them energy units. 
The numbers a r e  approximate. 

1 kwh of  energy: 

a raises t h e  temperature of one gallon of water from O°C t o  ~OO'C, 

a lights ten 100-W light bulbs for  one hour, 

a runs a 1/2-hp motor for three hours, and 

a l i f ts  200 gal. of water from a 150-ft well. 

2 kwh (about 7000 Btu) is available from one pound of dry wood. 



2.8 kwh (about 2400 kilocalories) is a typical day's food intake of an adult. 

45 kwh (about 150,000 Btu) is available from one gallon of fuel oil. 

720 kwh is a typical residential electric consumption in one month (not an electrically 
heated home). 

960 kwh is available per month from a 4-kW wind turbine generator in a good location 
(assuming 1/3 maximum energy output). 

1800 kwh or 5,800,000 Btu is available from one barrel of crude oil. 

2.036487 trillion kwh or 6.96 quads is the nation's electric production for 1976. 

21.4 quads is the resource energy spent to produce electric energy in the United States in 
1976. 

2.1.2 Kilowatts: Electric Power and Capital Expenditures 

A typical residential consumer who does not use electricity for space heating may use. 
about 720 kWh/month. Since there a re  720 hours in one month, consumption of 720 
kWh/month is an average of 1 kwh each hour-enough to light ten 100-W bulbs continu- 
ously. A hypothetical consumer who uses ten 100-W bulbs continuously and no other 
electricity, utilizes electric energy at the ra te  of 1 kWh/hour, or makes a continuous 
power demand of 1 kW. Power is the  rate of transforming energy. 

A second hypothetical consumer might use the  same amount of energy each month, but 
at a variable rate. Suppose this consumer uses no energy 16 hours each day, but uses 3 
kwh during each of the other 8 hours. Such a consumer makes a power demand of 3 kW 
during those 8 hours and of zero during the other 16 hours. 

The ef fec t  on the  utility of these two patterns of energy use is drastically different, even 
though both hypothetical consumers use the same total energy. The point is dramatically 
illustrated if one million such consumers are hypothesized. In both cases the  utility sells 
720 million kwh or 720,000 MWh (megawatt-hours) each month. In the first case the  
utility must have the capacity to produce 1000 MWh each hour, a 1000-MW capacity. 
(One thousand MW is the approximate capacity of a typical nuclear power plant, such a s  
Three Mile Island.) In the  second case, making the further hypothesis that  the 8-hr 
period +of 3-kW demand coincides for all consumers, the utility must have a 3000-MW 
capacity. It would have to build three 1000-MW plants which would be  idle 'two-thirds of 
the time, when none of the hypothetical consumers used electricity. 

Z.P.2.P Capacity F a e t a  

The capacity factor of a power plant is the ratio of the energy produced to the  energy 
that would have been produced at full capacity operation. In the  two highly artificial 
examples cited previously, the capacity factors are 100% and 33%, respectively. Typical 
utility system capacity factors average 50-55% [5a .  A low capacity factor arises when 
excessive capacity is idle a large part of the time. The lower the  capacity factor, the 
higher the capital (fixed) cost in relation to the variable (operating and fuel) cost, since 
the  capital costs of idle capacity are not offset by income, 



2.1.2.2 Load F a e t a  

A quantity related to the capacity factor is the daily load factor. The load factor is the 
ratio of the average power output (which is equivalent to the average demand) to the 
peak output (or peak load). Average annual utility load factors have ranged from 60-65% 
in recent years [511. A schematic daily load profile for a utility with a 70% daily load 
factor is shown in Fig. 2-1 [5a. Demand varies not only in a daily cycle, but on an annual 
cycle a s  well. Depending on the ratio between air conditioning and space heating 
demands, utilities are either summer peaking or winter peaking, and usually have a 
secondary peak in the opposite season. Fig. 2-2 shows a yearly load profile for a typical 
winter peaking utility [531. 

2.1.2.3 Reserve Margin 

The generation capacity of a utility must exceed the largest peak load imposed on it.* A 
reserve margin is required because any given generating unit has a certain llforced outage ' rate," a certain probability of being unexpectedly out of service.** Reserve margin is 
also required to compensate for errors in annual forecasts of peak load demands as long 
as 10 years into the future. However, projections of future needs have been 
systematically too high for the past five or more years. As a result, the reserve margin 
of total generation capacity over noncoincident peak demand reached 38% in 1978 [54. 
This is regarded by the electrical industry itself as llmuch too highff a reserve margin 
[551. Long-range industry projections call for a reserve margin of 18%, equal to the 
average for the yean  1967-70 [561. 

2.1.2.4 Operatirg Reserve; Spinning Reserve 

I t  is not sufficient for a utility merely to possess reserve generating capacity. Some of 
the reserve generating capacity must be available for immediate dispatch, as  a physician 
might be needed "on call.1f As many a s  three or four hours may be required to bring a 
coal-fired steam generating unit on line from a cold start [57l. For this reason, a portion 
of the reserve capacity is kept fired up and spinning and is available within 10-30 
minutes. For example, a 300-MW oil-fired boiler might be used to produce only 200 M W  
of electric power, leaving an additional 100 MW of power immediately available by 
increasing the combustion rate of the oiL The additional available capacity from a unit 
already producing power is called the spinning reserve. 

It is industry practice to maintain an operating reserve equal to the largest single 
generating unit (or transmission line) in use plus an additional margin. A portion of the 
operating reserve is instantly available ( " sp i~ ing  reserven); an amount q u a .  to the 
largest generating unit may be available on "ten-minute reserve;" additional capacity 
may be available on 30-min reserve to replace l e m i n  reserve when used in case of a 
forced outage [58]. 

*For the purpose of this discussion, generation capacity includes firm wholesale contracts 
by which other utilities guarantee fixed amounts of power a t  times of peak load. 

**Equipment maintenance is performed a t  off-peak times and involves scheduled outages a s  
distinct from forced outages. 
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2.1.2.5 Load Swing 

The load of a utility may have short-term variations, called the load swing, of as much as 
3-5% 1591. These variations do not show up on Fig. 2-1 and 2-2 because daily load curves 
are based on 1-hr averages. The 3-5% variations from the load curve are fluctuations 
that occur in several minutes and represent random departures of the instantaneous 
output of particular generating units from the I-hr averages 1601. 

Each generating unit is equipped with an automatic control of its output leveL A typical 
intermediate steam generating unit (150-580 MW) can follow load variations; i.e., change 
its output at  a rate of 1-112% per minute 16U. Fluctuations in the demand of less than 
1% per minute are followed automatically by the generators on-line. Additional or more 
sudden fluctuations may require some of the spinning reserve. 

The ability of a utility to follow substantial load swings is of the utmost importance to 
interconnection. For example, a 4000-MW utility can readily follow 120 M W  (3%) 
fluctuations. Such a utility can readily l1absorbr1 a 120-MW fluctuation from intercon- 
nec ted solar facilities that produce electricity intermittently. A fuller discussion of this 
important point follows in Section 5.4.1. 

2.1.3 Transmission andl Digtribution of Electricity 

The transmission and distribution of electricity raise economic and operational prob- 
lems. The economic problems involve the proper allocation of the costs associated with 
transmission and distribution and are discussed in Section 2.4. The operational problems 
result from the energy losses associated with transmission. One-tenth of all electricity 
produced in the United States is lost in transmission C621. To minimize long-distance 
transmission ' losses, ultrahigh voltages are used; this raises environmental and public 
acceptability problems of ultrahigh voltage transmission lines. 

The capital costs of the transmission and distribution system are a significant fraction of 
the total fixed costs 1631. Transmission lines are sized to the peak power required. As is 
true of generation capacity, the capital cost of transmission is proportional to peak 
power. The size of the distribution system, on the other hand, is only partially dependent 
on peak demand; to a large extent it is a customer cost that is associated with providing 
service to a given customer 164. Typical distribution costs are electric meters and 
transformers. 

Transmission costs can be reduced relative to generation costs, if the generation of 
electricity is more decentralized. For example, if an industry that requires 30 MW 
produces this amount for itself and can hold its backup demand below 5 MW, the industry 
would require only a 5-MW transmission and distribution system instead of a 30-MW 
system. The possible saving in transmission and distribution costs constitutes one of the 
reasons for the encouragement of decentralized production by CFs and SPPFs 1651. 

The savings in transmission and distribution costs that result from decentralized produc- 
tion of electricity should be reflected in rates paid by utilities to CFs and SPPFs for 
excess electric energy. The Danish public utility, for example, takes account of the 
savings in transmission costs by paying 10% more than wholesale rates for independently 
generated wind power [661. The central station would have had to produce a 10% excess 
of energy in order to deliver the same energy to the site of a wind generator as has been 
produced by the generator. In general, the excess electricity from a remote wind 
generator meets electric demand near the generator, not near the central station. The 
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electric energy does not flow to the central station, but replaces energy that would 
otherwise have to be produced at  and dispatched from the central station. 

Savings in transmission costs are also made possible by installing utility-operated storage 
systems or combined storage and generation units at  substations. A t  peak times, part of 
the energy outflow from the substation comes from the storage; thus the transmission 
capacity from the central station to the substation can be l e s  than the peak demand. 
Whether substation storage or storage and generation is economically advantageous 
depends on the relative investment in central station generation capacity, transmission 
capacity, and on the growth patterns of the system demand. Dispersed storage and 
generation may be especially valuable in some rural electric utiLities [671. 

2.1.4 P e l i c  Policy am3 Electric Utility Operation 

The purpases of Title I of PURPA (and implicitly of Title 11) are to encourage 

(1) conservation of energy supplied by electric utilities, 

(2) the optimization of the efficiency of use of facilities and resources by electric 
utilities, and 

(3) equitable rates to electric consumers [68]. 

The first two purposes are discussed in this section and the third is considered in the . 
discussion of utility ratemaking in Section 4.0. 

Energy supplied by electric utilities can be conserved by 

reduced reliance on electric energy for purposes (such as space heating) which do 
not require electric energy 1691, 

encouraging the use of cogeneration by large consumers of both electric and 
thermal energy, and 
encouraging the production of electric energy from solar and other renewable 
resources. 

Every kW1r uf eleckic energy produced (by a wind turbine generator, for example) dis- 
places the fuel equivalent of over 3 kwh of fossil energy that would otherwise have been 
required to generate the same 1 kwh of electric energy. The goal of conserving energy 
resources is well served by encouraging CFs and SPPFs because they directly reduce the 
utility's fossil fuel requirements. In addition, independent facilities can serve to test and 
develop technologies that can later be used within utilities to replace fossil resources 
with solar resources. 

A suitable encouragement for the production of electric energy from solar resources 
might be a price to the utility based on the incremental cost of the most expensive fuel 
used by the utility. The consistency of this recommendation with the provisions of 9 210 
of PURPA is discussed in Section 5.3.1. A relatively high price for solar electricity is 
justified because the replacement of even a small fraction of the fuel used to generate 
electricity can serve as a brake on rapidly escalating fuel costs. The effect on1 the cost 
of fuel by a marginal change in demand is dramatically illustrated by the very substantial 
pressure on the price of oil resulting from a 5% gasoline shortage during the summer of 
1979. 



/The second goal of PURPA is the efficient use of the facilities of electric utilities. This 
goal requires efforts to improve load factors and capacity factors. A traditional way to 
improve load factors (and to reduce elec,tric rates) has been to encourage new consump 
tion of electricity during off-peak periods. In Great Britain, for example, the load curve 
has been considerably flattened* through the use of off-peak electric space heating, 
using thermal storage systems; at peak load times heat is taken out of storage and 
electric power is not required [701. This method of improving load factors contradicts 
the first of the PURPA goals (to conserve energy) for it depends upon an increased use of 
fuel to generate electricity [7 11. 

Alternative ways to improve capacity factors or reduce utility capital costs include: 

6 load mantigement, to encourage the shifting of electric power use away from 
peak load times, 

attention to the optimal generation mix, that is, the balance of the different 
kinds of generating units available to the utility, and 

possible reductions in the reliability level needs of the generation system. 

A narrow interpretation of the second and third goals of PURPA, the efficient use of 
facilities and equitable rates, can undermine the encouragement of CFs ,and SPPFs 
required by PURPA S 210(a). For example, it is possible to argue that the intermittent 
nature of electric power available from wind or direct sunlight provides energy (satisfy- 
ing goal number one) but worsens the load factor (hence frustrating goal number two). It 
can be argued that the incentives that would encourage SPPFs might lead to inequitable 
rates and thus violate goal number three. This paper recommends rate structures and 
other possible regulations that would encourage CFs and SPPFs without undermining the 
second and third goals of PURPA. A necessary basis for such recommendations is the 
following exploration of reliability, load management, and ratemaking. 

A persistent theme in PURPA and utility planning is the reliability of the system. 
Reliability is a measure of the likelihood that the generating capacity actually available 
to an electric utility is sufficient to meet the instantaneous demand; it is a technical 
term defined in terms of the "loss of load probability." Seclio~i 209 UP BURPA is elltirely 
devoted to reliability and other sections discus it further: S3 20 1 tit 3(17XC)(i), S 202 at 
210(cX2)(C), S 203 a t  21 1(a)(2)(C), S 204 a t  212(aX3), S 205(b)(l)(C), and S 210(a). 

The choice of a desired reliability level determines the required reserve margin of 
generation capacity. The higher the reliability level desired, the larger the reserve 
margin required. Since reserve margins require capital investment in gu~eraiion capa- 
city that will be idle much of the time, high reliability levels result in low capacity 
factors and high electricity costs. The benefits of high reliability must be carefully 
weighed against the costs. 

Whenever the peak power demand on an electric utility increases without the addition of 
generation capacity, the likelihood that the utility can meet the demand, hence the 
reliability, decreases. Conversely, if new capacity is added without any increase in 

*A flattened load curve corresponds to a higher, hence improved, load factor. A perfectly 
flat load curve would correspond to a load factor of 100%. 

16 
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demand, the reliability of the  system increases. If a suitably sized generation unit is 
added in order t o  meet an increased peak demand, the reliability is unchanged. When an 
electric utility adds a generation unit, i t  calculates the effective load carrying capability 
(ELCC) of that unit. The ELCC is the amount of added demand that  can b e  carried by 
the utility with the added unit at the same overall reliability [7 21. 

The way in which reliability requirements are applied by FERC and s ta te  regulatory 
authorities in setting rates for the exchange of energy between public utilities and 
interconnected CFs or SPPFs has a potential impact on the  commercialization of solar 
production of electricity and cogeneration. CFs and SPPFs will be a t  a severe economic 
disadvantage if they must pay a premium for backup power or if they receive a reduced 
price for their excess energy as a result of their relative lack of reliability. However, i t  
is not necessary to penalize independent facilities in this way. Although the reliability of 
a single small system is far less than that of a large utility (except at a prohibitive cost), 
the reliability of the composite system-consisting of the  independent fac,ility plus the 
interconnec ted public utility-is satisfactory. Interconnection should be encouraged 
precisely because it provides the advantages of decentralized, innovative, energy- 
conserving power production without a concomitant loss of reliability. 

A method for protecting the incentive for independent power production by CFs and 
SPPFs is to determine reliability not separately for the independent facility but rather 
for the  composite system. The ELCC of the  generation unit external to the  utility could 
be calculated in a way analogous to that  customary for utility-owned units. The inde- 
pendent facility could be  given "capacity creditsf1 corresponding to the  amount of utility 
generation capacity that  need not be  built because of the existence of the C F  or SPPF. 

2.2.1 Loss of L d  Probability (LOLP) 

Reliability is quantified in terms of the loss of load probability (LOLP). LOLP is ex- 
pressed in days per year and is a measure of the amount of time per  year that  the utility 
may be unable to  meet the  demand-the time customers may not have power available to 
them. A high degree of reliability corresponds to a small value of LOLP. The standard 
reliability criterion for most. American utilities is a LOLP of 0.1 per year. 

How can there be a llloss of load1'-an inability of the utility to  supply the power 
demand-if the generation capacity exceeds the demand by a wide reserve margin? The 
utility may fail to  meet the demand because each piece of generating equipment has a 
definite probability of failing-a certain forced outage rate. The forced outage ra t e  
tends to increase with the size and complexity of the unit [731. Typical values range 
from below 2% to 10-1296 174. When a generation unit fails, the utility will ordinarily 
have enough operating reserve to compensate for the unit. But there is a definite 
(though small) probability that  additional units may fail before there is sufficient oper- 
ating reserve to  make up the deficiency. LOLP is determined by estimating the probable 
power demand for each of the  8,760 hours of the year, calculating the probability that 
the available equipment will fail to  meet this demand, multiplying this probability by one 
hour to find the contribution of that  hour's failure to  the  LOLP, and summing over the 
hours of the year; the sum is the  LOLP in hours per year [751. 

2.2.8 Cost/Benefit Andpsis of the Reliability Levd 

How does a utility establish an acceptable level of LOLP? The generally accepted value 
in the United States, 0.1 day per  year, is a compromise between the social and political 

17 
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costs of the highly visible brownout or blackout and the considerable, less visible, cost of 
achieving low LOLP 1761. The compromise seems (to technically alert observers) tilted 
too far towards small values of LOLP, perhaps because of the generally low cost of 
electricity during the decade before 1974 1771. 

There are two reasons to favor a larger value of LOLP; e.g., 0.5 day per year. One is 
that the distribution system reliability is much worse than the generating system reliabil- 
ity. Thus, the distribution system is the limiting factor and an increase in LOLP would 
have no significant effect on most users. Most major blackouts, including the Northeast 
power blackout of 1965, have occurred despite adequate generation capacity [781. The 
second reason to favor a larger value of LOLP is that the marginal cost of the generation 
capacity required to maintain a LOLP of 0.1 day per year exceeds the value of goods and 
services that might be lost due to additional system failure [791. 

2.8.2.1 PURPA, Section 209 

The trend to reexamine the 0.1 day per year criterion extends to PURPA. Section 209 
requires a study by the Secretary of Energy to determine a "level of reliability appropri- 
ate to adequately serve the needs of electric consumers, taking into account cost 
effectiveness and the need for energy con~ervation.~~ The section further requires the 
Secretary to consider "the cost-effectiveness of adding a number of small, decentralized 
conventional and unconventional generating units rather than a small number of large 
generating units with a similar total megawatt capacity for achieving the desired level of 
reliability." Congress has thus recognized not only the need to reopen the question of the 
desired level of reliability, but also the possibility that small units may better serve the 
goal of reliability than larger ones. 

The Department of Energy study of reliability required by 9 209 goes beyond the usual 
calculation of whether the generation capacity is sufficient to supply the demand. 
Section 209(a)(2) specifically requires consideration of "(A) . . . transmission and distribu- 
tion facilities, and devices available to the electric consumer11 as well as ll(D) alterna- 
tives to adding new generation facilities to achieve such desired levels of reliability 
(including conservation).ll The authors of this language evidently recognized that a cost- 
effective method to achieve high =liability is to reduce peak demand through a combina- 
tion of conservation and load management. Conservation reduces overall demand, 
including peak demand. Load management shifts demand away from the peak. By 
flattening the load curve the utility achieves a higher load factor, a more uniform rate of 
electric production, and less demand at peak times. Presumably lldevices available to the 
electric consumerv1 are load management or load control devices. 

The Conference Report describes the purpose of S 209 as being "to improve the reliabil- 
ity of service to electrical consumers, . . . to authorize the Secretary [of Energy] to 
recommend to the electric utility industry standards for reliabilityv1 [80]. The statute 
requires a study of "various procedures that might be used in case of an emergency out- 
age to minimize the public disruption and economic loss that might be caused by such an 
autaget1 [all. Since emergency outages are most often the result of failures in the distri- 
bution system, not of inadequate generation capacity, the statute's goal to improve relia- 
bility does not imply a decrease of LOLP. The primary focus of S 209 B on aspects of 
the elec tric system other than generation. 



2.2.8.2 Reliability Requirements as Possible Disincentives to Cogeneration and Small 
Power ProQction 

Advocates of solar production of electricity must be wary of the emphasis on reliability 
in PURPA. Some of the references to reliability permit-though they do not require- 
implementation by FERC that would be inimical to the development of SPPFs for the 
generation of electricity from solar sources and possibly to the increased use of cogener- 
ation. 

Section 2 10(a) requires that ,rules "to encourage cogeneration and small power production . . . shan include provisions respecting minimum reliability of qualifying cogeneration 
facilities and qualifying small power production facilities." Section 201 requires FERC 
to set standards for llqualifying" SPPFs and lists reliability as an example of such a 
standard. The FERC proposed regulations pursuant to § 201 establish no minimum reli- 
ability requirement [8a. The FERC Staff Paper regarding regulations pursuant to S 210 
explains that FERC llread[sl Section 20 1 as permitting but not requiring the Commission 
to establish a minimum standard for the reliability of small power  producer^^^ 1831. It 
would have been a severe blow to the development of SPPFs if FERC had required a pro- 
ducer of electricity from wind or direct sunlight, for example, to meet a minimum reli- 
ability standard. Since there is no way to regulate the availability of wind or sunshine, a 
minimum reliability standard would have amounted to a requirement for energy storage 
asociated with each SPPF. But the value of interconnection of SPPFs with utilities is 
precisely to avoid the costs of individual storage units by taking advantage of the util- 
ities' centralized storage or excess capacity and of their ability to absorb the variably 
available energy from SPPFs due to the large size of utilities.* FERC has thus avoided a 
regulatory action that would have stopped SPPF development at the threshold.** 

While FERC has avoided the ultimate disincentive to SPPFs of setting a minimum 
reliability requirement, FERC appears ready to provide a lesser but still significant 
disincentive. The Staff Paper asserts that "the degree of reliability and/or availability 
can and should be reflected in the price for electric service, whether a utility or a 
Q1ualifyingl Fracility] is the seller" C84. This assertion can be read to permit open-ended 
price discrimination against QFs on the grounds of their relative unreliability, for it is 
economically unfeasible for a CF or a SPPF to achieve a reliability comparable to that of 
a utility, Unless FERC limits the extent to which the price of electricity exchanged 
between utilities and QFs may reflect reliability, independent solar productfon of 
electricity through the rate structure may be discouraged. The disincentives FERC 
avoided by not setting a reliability minimum may be introduced by an overcautious 
approach to rate setting. 

*The effect of interconnection of 8 small SPPF with a large utility is discussed in detail in 
Section 5.4.1. 

**An interesting question of legal construction is whether FERC could have legally set a 
minimum reliability standard. On its face the act permits FERC to do so. However, the 
same act requires FERC to set rules to "encourage cogeneration and small power produc- 
tion.I1 It would appear that FERC could not have simultaneously encouraged SPPFs and 
set minimum reliability standards. Since the act only permits and does not require min- 
imum reliability standards, and since setting such standards would violate the mandate to 
encourage SPPFs, FERC may have made the only correct choice by not setting a mini- 
mum reliability standard. 



TR- 48 4 
SZ?14BJ 

2.2.3 Effective Load Carrying Capability (ELCC) 

The effective load carrying capability (c') of an added generating unit of rated capacity 
(C) and forced outage rate (r) is calculated in two steps. The first step is to inquire how 
much the added unit improves the reliability from i ts  LOLP value before the  unit was 
added The second step is to calculate how much the load served by the utility! car) 
increase before the  LOLP will rise to i ts  initial value, This additional load equals C . C 
is always smaller than C. The amount by which C is smaller than C depends on the  
fokced outage ra t e  of the  generating unit, and the rat io of the  genera t i~n~capac i ty  of t h e  
unit to  the generation capacity of the utility. The difference between C and C is larger 

, when the  forced outage ra te  is larger; i t  is also larger for generating units whose capac- 
ity is a larger fraction of the utility's generation capacity. Large generating units tend 
to  have ELCCs much smaller than rated capacity for two reasons: (1) a large unit tends 
to have greater forced outage rates (f .ox.) than a similar small unit because of the large 
unit's greater complexity; (2) the large size alone increases the fractional discrepancy 
between C and C, even if the f.0.r. were the same. A 1,000-MW nuclear plant, for  
example, may have a f.0.r. of 10% and an ELCC of only 450 MI$ [851. Small units (below 
50 M W) with reasonable forced outage rates have effective capabilities nearly equal t o  
their rated capacities [861. Congress appears to recognize the  likelihood that  small 
g e n e r a t i e  units may have advantages as to reliability. PURPA, 5 209 (a)(2)(E), states 
that  the  study of reliability required by 5 209(a)(l) shall include 

the cost-effectiveness of adding a number of small, decentralized conven- 
tional and nonconventional generating units rather than a small number of 
large generating units with a similar total megawatt capacity for achieving 
the  desired level of reliability. 

If a utility has an initial capacity Co and can meet a total  demand of Lo with a LOLP of 
0.1 day per  year, the addition of a g e n e r a t i e  unit of capacity C increases the utility',~ 
capacity to C,+C and increases the demand which the  utility can supply to L +C.  
However, to  say that  an added generating unit has an ELCC of C does not Bean tha? this 
much capacity is available at all times. For example, if C = 35 M W  and C = 32 MW, the  
utility including this generating unit can supply a demand of 32 MW more than i t  could 
without that  unit-even on those occasions when the  unit suffers a f o r ~ e d  outage. The 
forced outage rate is already taken into account in the calculation of C , which is always 
less than C. 

The calculation of ELCC is a traditional and necessary part of utility planning and allows 
the  planned expansion of generation capacity to correspond appropriately to  projected 
increases of peak demand, at accepted levels of reliability. With the introduction of the  
concept of independently owned generation facilities that a re  in t e r c o ~ e c  ted with 
utilities, ELCC calculations should be equally applicable to  generating units added 
externally to the utility as CFs or SPPFs. There is no essential difference, in terms of 
the  preceding numerical example, between a utility-owned 35-MW generating unit with 
an ELCC of 32 MW and an independently owned 35-MW cogenerator with an equivalent 
f.0.r. and maintenance schedule. The utility-owned unit enables the utility to carry 32 
MW more load (at  given LOLP) than i t  could without the unit. The externally owned unit 
enables the  composite system (utility plus CF) to carry 32 MW more load than the  utility 
could carry alone, at the same LOLP. 

A possible utility objection t o  treating CFs as having a load carrying capability is posed 
in the  Staff Paper: 

! 



the time or duration of an outage [cannot be predicted since the operation 
of the facilities is -outside utility control. In part, this argument comes 
down to prudent utility planning for meeting loads that are potentially 
volatile and are dependent in part on the maintenance practices of the non- 
utility operators. 1871 

This argument does not, however, make it lets passible to calculate a value of the  ELCC 
of a generating unit external to the utility. Potentially poor maintenanqe would be 
reflected in a larger f.o.r., which in turn would result in a smaller value of C for a given 
value of C. But nonutility maintenance would not render a calculation of ELCC less 
valid than such calculation for utility-owned units. 

2.2.4 Reliability of Compo6ite Systems: Pthlic Utilities and Interconnected CPs or 
SPPPs 

This section is an argument for performing ELCC calculations for independently owned 
CFs or SPPFs that are interconnected with a utility a s  if they were owned and operated 
by the utility.* In other words, the argument is that the reliability should be calculated 
for the composite system consisting of the utility plus the CF or SPPF. This proposal is 
in sharp contrast to the assumption made in the Staff Paper that sales from a QF to a 
utility would follow a wholesale model [881, and sales from a utility to a QF a retail 
model 1891. In the wholesalelretail model the utility and the QF are treated in all 
respects as separate entities; if reliability is significant a t  all, the reliability of the QF is 
separately calculated. In the model here proposed, the utility and the QF are separate 
entities except 'for the single purpose of calculating the composite reliability. 

A portion of the cost of providing electric service is the capital cost of the generation 
facilities. For this reason a part of the charge to a consumer of electricity is based on 
the amount of generation capacity that must be  dedicated to serving that consumer. The 
easiest conceptual way to allocate the capital cost of generation capacity to various 
consumers is in proportion to their "peak responsibilitytLtheir power demands during the 
hour of the annual system peak load. The reason such an allocation would be fair is that 
the size of the  total generation capacity needed is arguably determined by the size of the 
annual load peak. 

The significance of calculating and properly crediting the load carrying capability of a 
CF or SPPF can be shown by a numerical example. Suppose two industrial consumers 
each have a steady demand of 30 MW. Suppose one of them has a 35-MW cogeneration 
facility that enables it to sell 5 MW to the utility most of the time, but that the CF 
suffers an occasional outage during which the consumer requires 30 MW from the util- 
ity. Suppose further that the f.0.r. is such that the CF would have an ELCC of 32 MW if 
calculated for the composite system. The consumer without a CF regularly contributes 
30 MW to the peak demand and properlyaccounts for a 30-MW share of the peak. The 
consumer with the CF demands 30 MW occasionally. The overall effect of the CF on the 
utility is: 

*The f.0.r. used for the calculation may be higher than it would be for the same unit oper- 
ated and maintained by the utility. The f.0.r. would in any case be subject to periodic 
review, based on operating experience. Moreover, there might be stipulations regarding 
the timing of planned outages for maintenance; e.g., the scheduling of such maintenance 
might have to be coordinated with the utility. 
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the  total load that  can be served by the utility plus the C F  is C' = 32 M W  more 
than the load tha t  could be  served by the utility alone; 

the  CF owner consumes 30 MW; therefore 

the utility plus the CF  can supply 2 MW more than the  original demand on the  
utility plus the need of the  C F  owner. 

Thus, the net e f fec t  of the  CF is to expand the load that  can be  supplied by the utility by 
2 MW with no capital cost to the utility. Such a consumer need be charged nothing for 
its contribution t o  the  peak demand, since the  consumer imposes no requirement for 
added generating capacity t o  the utility. In fact,  the  CF  owner in this example should be  
paid more than alternative fuel costs for the  energy it seas to the  utility, since the  CF 
displaces the capital costs that  would be  required to expand the utility capacity by 2 
MW. Capital cost allocation payment would properly flow from the  utility to the  CF. In 
short, the C F  should be  given "capacity credits." 

If the  wholesalelretail model is employed for sales and purchases by the CF, and if the  
"degree of reliability and/or availability," not measured as here proposed, is "reflected in 
the  price fa.  electric service," considerable unfairness results 1901. Two consumers with 
as widely different impact on the utility as the  30-MW users of the  preceding example 
would contribute equally to the  capital costs associated with the  utility's generation 
capacity if demandlenergy were in use. Even a smaller "standby" rate for the occasional 
demand would represent a penalty. Such a penalty might be appropriate if the  effect  of 
an external unit were in f ac t  to require the utility to expand its generation capacity to  
cover the  CF-owner1s demand a t  the t ime of a forced outage. But to argue that  such a 
backup capacity is required denies the statistical basis underlying utility reliability 
computationc. 

The illogic of penalizing the independent consumer/producer of electricity by basing a 
capacity cost allocation on the  maximum power demand can be  demonstrated by a review 
of LOLP determination. Suppose first tha t  instead of a single 30-MW consurner/pr*oducer 
there a re  10. Their largest possible collective demand WOuld b e  300-M W. It is logically 
conceivable tha t  all 10 would fail simultaneously, thus placing a 300-MW demand on the  
utility, just a s  it is logically conceivable that 10 of the utility's generating units would 
fail  at once. However, this is not how utility computations are  made. 

In utility practice a statistical calculation is made. The probability is determined, based 
on the  f.0.r. of each unit, that  the  300-MW capacity will handle loads of 300, 290, 280, . . . , 200 MW. A textbook illustration calculates the load handling capability of a hyopothe 
tical system of five 40-MW and three 50-MW units (350 MW in all), each with a forced 
outege rate of 1%. The eight units can sustain a 280-MW load with a LOLP of 0.1 
daylyear [Y 11. By similar s ta t i s t ied  ~~ietiluds, one e m  compute the exp&€ed deiirand on 
capacity by ten 30-MW units. Assume for purposes of discussion tha t  the  result of such a 
computation is that  50 MW of generating capacity is required to  maintain the  utility's - reliability while serving as backup to  these ten 30-MW units. Each of the 10 units is then 
responsible fce 5 MW of backup capacity. (The numbers are examples only, not the result 
of calculation; but the concept that the capacity requirement to  provide backup is far 
less than the size of the  individual units stands.) 

The FERC Staff Paper on § 2 10 recognizes the appropriateness of a statistical treatment 
of the  backup demand by a gmup of qualffyfng facilities. It states: 



By first pooling among themselves, QFs might facilitate individual contrac- 
tual dealings with utilities and reduce its [sid attendant costs. Pooled QFs 
certainly d d  make a much stronger argument that  probabilistic analysis 
should be  used in determining: the backup charges, and based on the  coordi- 
nation, the analysis would shGw a lowered pro6abiiity of coincident outages . . . . To the  extent that  operations are not coordinated and individual QFs 
and the group of QFs as a whole impose greater capacity requirements on 
the utility system, the costs of such backup service should b e  funy recov- 
ered [94.  (Emphasis added.) 

The Staff Paper is in error when it implies that  probabilistic analysis should not b e  used 
where only a single QF is involved. In utility planning, the  effect  of adding one more unit 
is routinely studied by statistical methods, for example when calculating LOLP and 
ELCC. The present proposal is novel only insofar as it extends the  same statistical 
treatment to  external generating units a s  has been used for utility-owned units. 

2.3 LOAD MANAGEMENT 

ltLoad managementtt is used in this paper to  refer t o  any method for shifting electric 
power demand away from the load peak [93]. If electric demand is shifted away from 
load peaks, then the  same amount (or more) of electric energy can b e  produced by a 
smaller generation capacity, resulting in more efficient use of the available generation 
capacity. In practice, utilities do not reduce generating capacity although the  same 
capacity can serve an increased overall demand if the peak demand is kept the  same 
through load management. Load management, therefore, satisfies the second of the  
goals of Title I of PURPA-"to encourage the  optimization of the efficiency of use of 
facilities and resources by electric utilitiestt 194. 

Load management includes price incentives for shifting consumer demand away from the  
peak (e.g., time-of-day rates, seasonal rates, interruptible rates) as well a s  what is 
defined as load management techniques in PURPA: 

The term Itload management techniquew means any technique (other than a 
time-of-day or seasonal rate) to reduce the  maximum kilowatt demand on 
the  electric utility, including ripple or radio aontrol mechanlms, and other 
types of interruptible electric service, energy storage devices, and load- 
limiting devices. [951 

' Although PURPA excludes timeof-day rates and seasonal ra tes  from the definition of 
load management techniques, the act establishes that electric utilities should offer time- 
of-day rates, seasoilal rates, and interruptible ra tes  a s  well as offering load management 
techniques [96]. All the methods designed to f lat ten the load curves (Fig. 2-1 and 2-2) 
are seen as enhancing the  efficiency of use of facilities and are t o  be  encouraged under 
the purposes of PURPA. 

Load management copes with the variability of the  load curve by lowering the  peaks and 
filling the valleys. The result of load management is a higher load factor and a lower 
cost of electricity per unit of electric energy. In addition t o  methods for directly 
influencing the demand or load curve, this section discusses two ways of adjusting to  the  
curve, even though these may not fall within the  definition of load management. One 
way a utility can adjust to a given load curve is by coordinating its operations with other 
utilities, in a power pool, or by obtaini power by contract from a remote supplier over 
the transmission lines of another utility '8 wheeling). Pooling and wheeling are discussed in 
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, Section 2.3.1. A second way in which utilities can cope with a given load curve is by 
choosing a generation mix of base load, intermediate, and peaking generation designed to 
minimize the cost of production of electricity. Generation mix is discussed in Section 
2.3.2 along with energy storage. Energy storage is a form of load management especially 
important to the  development of SPPFs generating electricity from intermittent 
sources. A part of the  exploration of the  energy storage issue is postponed until a f ter  
the  more detailed discussion of wind and photovoltaic generation of electricity in Section 
5.0. 

Section 2.3.3 is an introductory discussion of utility rates as a load management tool. 
The principles of ratemaking are  discussed in Section 4.0 and their application to i n t e r  
connected CFs and SPPFs is discussed in Section 5.0 

\ 

Load oontrol devices a r e  discussed in Section 2.3.4. Such devices allow the utility to  
limit electric service selectively during particularly high system peaks. By imposing a 
very limited inconvenience on consumers, load control devices make possible significant 
reductions in generation andlor transrr~issiun capacity and hcnce in the  cost of electric! 
service. 

2.3.1 Pooling andl Wheeling 

A utility that serves a large number of customers in a diverse mix of derrltu~d patterns 
(residential, commercial, industrial) has a broader, less sharp peak than a small utility, or 
one without a good mix 1973. This broader peak results from the fac t  that  diverse 
consumers1 individual peaks are  not likely to coincide. A small power 'producer or 
cogenera tor lacks this consumer diversity; i t s  own consumption pattern is unlikely to 
yield a f lat  load curve. To obtain the advantages of consumer mix, the independent 
producer needs interconnection with a public utility. 

Even a large utility with a diversified mix of customers must seek to flatten the  demand 
curve further. It does so by membership in a regional power pool, which allows it  an 
effective increase in consumer diversity. Just a s  the individual customers of a single 
utility do not make their peak demands a t  the same time, the individual utility peaks do 
not coincide. Thus, their aggregate peak is less than the sum of their individual peaks. 

PURPA S 205 facilitates voluntary pooling among utilities by providing authority for 
FERC to exempt utilities (within specified Brnits) from state regulations that might 
inhibit pooling. Moreover, § 205(b) murldti tes a FERC st11dy of "the opportunities fnr--(A) 
conservation of energy, (B) optimization in the  efficiency of use of facilities and re- 
sources, and (C) increased reliability, through pooling arrangements.I1 Here PURPA 
reflects statutory recognition of the  desirability of conservation and economy through 
collective action, a s  is the case in S 210 relative to the encouragement of cogeneration 
and small power production through interconnection. 

Interconnection with utilities of cogeneration and small power production facilities 
shares some of the characteristics of pooling. From the viewpoint of the  independent 
producer, the utility is an ''infinite reservoirT1 of electric power. Its load profile, already 
a smooth curve without excessive on-peakloff-peak variation, can absorb the narrower 
supply and demand peaks imposed by the independent facility, without appreciable effect  
on the  utility's preexisting load curve. From the overall system point of view, the utility 



plus the interconnected independent producer is simply a larger pool. But from the 
viewpoint of the utility, the  supply and demand spikes imposed by the  independent 
facility a re  a nuisance that  does not make load management any easier. The detailed 
ef fec t  of various kinds of solar production of electric power on load management by 
interconnected utilities is discussed in Section 5.0. 

Interconnection tha t  may be required pursuant to PURPA, 88 210 or 202, differs from 
voluntary pooling. Ordinary pooling is among systems of comparable size, each of which 
has already achieved a certain degree of load curve smoothing and reliability. Finally, in 
pooling arrangements among utilities, the prices of exchange, of electric energy and 
power are wholesale prices for all transactions. Conversely, in the  buy and sell provis- 
ions of PURPA § 2 10 governing exchanges of energy between public utilities and inde- 
pendent facilities, the lat ter  must buy a t  retail and sell excess to the  utility a t  wholesale 
prices. 

The concept of pooling plays an important role because pooling represents a useful model 
for the  relationship between a utility and a C F  or SPPF. Although the  primary model for 
energy sales between utilities and QFs is expected to b e  wholesale (for sales to utilities) 
and retail (for sales by utilities), the  FERC Staff Paper on S 210 regulation suggests that 
another model might b e  better. The paper states: 

With regard to the sale from a utility to a qualifying facility, the  primary 
model is conventional State-regulated re tail sales, though in some instances 
part ial  requirements or interchange wholesale rates provide a be t ter  basis 
of comparison. [981 (Emphasis added.) 

In a wheeling arrangement, utility X sells electricity to utility Z using the transmission 
facilities of utility Y. Since electricity does not come in identifiable packages, this is 
tantamount to  a sale of a fixed quantity of electric energy by X to Y and i ts  resale to  2, 
with a markup corresponding to  transmission costs. 

The desire of utilities X and Z to  enter into a contract arises when X has excess power 
available that  i t  is prepared to sell to Z a t  a price lower than Y offers. Such a con tract 
between X and Z is socially useful if the  sale improves one or both load curves-if the 
facilities of X and Z can thus be used more efficiently. Both load curves will be im- 
proved, for example, if the  load peaks do not coincide. However, utility Y may seek to 
negate the proposed contract by refusing t o  transmit the  power, in the expectation that  
Z will then have no choice but to purchase (at  a higher rate) from Y. 

PURPA § 203 amends the  Federal Power Act by authorizing FERC to order a utility (Y, 
in the  preceding example) to wheel electric power from another (X) to a third (Z), pro- 
vided that  such an order would "(A) conserve a significant amount of energy, (B) signlfi- 
cantly promote the  efficient use of facilities and 'resources, or (C) improve the reliability 
of any electric utility system to which the order applies." Again, a s  is true of 5 205 with 
respect to  pooling, PURPA seeks to encourage conservation and efficient use of facilities 
through providing PERC with wheeling authority in § 203. 

It  is perhaps one of the serious shortcomings of PURPA that  the authority to order 
wheeling does not apply to interconnected CFs or SPPFs. The incentives for cogenera- 
tion and independent production of electricity from solar sources would b e  enhanced if a 
facility could sell its excess production to an independent consumer at retail rates, while 
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paying a transmission charge to the utility, instead of being obliged to sell its excess to 
the utility at the lower "rate which [does not exceed the incremental cost to the electric 
utility of alternative electric energy" [99]. Accordingly, PURPA § 203 should be modi- 
fied or amended to extend the authority to FERC to order utilities to wheel power from 
qualifying CFs or SPPFs to third parties, at least where the third party is owned by or in 
partnership with the owner of the CF or SPPF.* 

2.3.2 Gemeration Mix: Base Lad, Intermediate, and Peaking Generation; Starage 

Utilities attempt to 0pt1Pnl~e system exptulsioik und minimize the coot of providing 
electric service by using a mix of base load, intermediate, and peaking generation units 
[lo ll . Ordinarily, base load is supplied by the cheapest energy source-coal, nuclear, 
and possibly hydroelectric.** Intermediate load is usually supplied by oiL Peaking 
generation often uses relatively small combustion turbines, which are quickly brought on- 
line but burn expensive fuel with low efficiency. The percentage of system capacity 
provided by combustion turbines ranges from 10-18%, by region. Fuel costs and restric- 
tions, combined with improved load management, will tend to reduce this percentage and 
lead to increased use of small fossil-fueled steam peaking units [103]. A schematic graph 
of the mix of the three kinds of generation is shown in Fig. 2-3 [104. 

Baseload generating units operate 24 hrlday, except during planned and forced outages, 
Intermediate generating units are cycled (sometimes referred to as "cycling unitsu) to 

*A change in § 203 to allow FERC to order utilities to wheel power from a QF would have 
to be accompanied by deletion of a part of § 210(a) as well. In § 210(a) PURPA forbids 
PERC to llauthorize a qualifyi cogeneration facility or a qualifying small power pro- 
duction facility to make any s 3 e for purposes other tRaR resalaff W i U i w l  deletion of 
this language, FERC would still be foreclosed from ordering a utility to wheel power 
from a QF to a norr-utility purchaser. The fact that PURPA withholds from FERC the 
power to authorize retail sales by QFs does not mean that PURPA forbids all such sales. 
The Conference Report states that l1[dhe cogenerator or small power producer may be 
permitted to make re tail sales pursuant to State lawn [1001. Nevertheless, the resqriction 
on FERC authority must be removed in order to make the proposed modification of § 203 
meaningful. 

**Cost of fuel is measured as internal cost to the utility. Not included are social or 
external costs. Such costs for nuclear fuels would include government enrichment of 
nuclear fuels, plant decommissionillg costs, and ultimate waste disposal costs. Other 
external costs that are not accounted for are the detriment to human health from air 
pqllution and low level radiation, and environmental damage such as oil slicks and strip- 
mine damaga The energy cost of hydroelectric power is low, and hydroelectric gener- 
ation imposes no further environmental costs once the dam and water impoundment have 
been built. The low cost suggests the use of hydroelectric for base load generation. 
However, hydroelectric power is very responsive and suitable for meeting spikes in the 
demand curve. In many utilities, hydroelectric power is used for peaking generation to 
the extent that is consistent with downstream water requirements [10P. Of course the 
total energy available at a dam is determined by the water availability (in gallmin) and 
the height of the dam. 
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accommodate t h e  regular daily fluctuations in the  load curve. Peaking units are used for  
sudden fluctuations and to  accommodate t h e  top  of the  load peak. At  the  off-peak 
times, especially in the  valley in Fig. 2-3, the  base load generating units are under- 
utilized. Moreover, base load fuel costs  a re  low. It is therefore economical to generate 
excess electricity at such times, if it can  be converted and stored conveniently. 

T h e  s torage most extensively used by utilities is pumped hydro [105]. Water is pumped 
through a conduit from a lower to a higher reservoir, using off-peak electr ic  eliergy. 
During peak demand, t he  flow in the  conduit is reversed and hydroelectric power supplies 
a par t  of the peak demand. The hydroeleolria powar capaaity uvsuciated with pumped 
&orage replaces par t  of t h e  capacity requirement to  meet  demand peaks. 

Other emergirg technologies f r r  energy ~tcrrt-gc arc not as covl efftctfve as: purnped- 
hydro s torage bu t  may offer  other advantages; moreover, their cost-effectiveness is 
expected to improve  They include fuel cells (reversible hydrolysis cells in which electr ic  
energy is used t o  dissociate water  molecules into hydrogen and oxygen; then hydrogen 
and oxygen are  allowed to recombine to  generate  electricity directly, without an intel- 
mediate thermal  step); advanced storage bat ter ies  (projected as cheaper than lead-acid 
batteries); flywheels (storing rotational energy); compressed air; and electromagnetic 
s torage  (using superconductors). A virtue of many of these systems is the  ease with 
which they can b e  used on a dispersed basis, for example, coupled with solar production 
of electricity in  remote  places with no access to utility interconnection. 

2.3.2.3 Intermit tent  Hydroelectric Generation 

Energy storage helps to improve the  efficiency of use of generation facilities, which is 
the  second PURPA goal, However, energy stopago promotes this goal (in many cases, a t  
the cost of using ex t ra  fuel) thus violating the first of t he  PURPA goals [106]. There are 
two ways of using storage t h a t  provide t h e  advantages of load management without 
violating the  goal of energy conservation. One example is the use of existing hydroelec- 
t r i c  facilities far load management. Where downstream water requirements permit and 
the  impoundment is adequate, water can b e  retained in t he  reservoir during off-peak 
t imes and used entirely to mee t  peak demands.* Such operation may require added 
turbines, since grea te r  kilowatt capacity is required to  generate  the  electricity available 

*Springfield, Vt., voted to establish a municipal power systekll in 1977, based.on' a network 
of dams on the  Black River and on projected enlargement of the  Hawk Mountain 
reservoir. Springfield expects to  meet  i t s  own peak load with 17.3% of t h e  energy output 
from the hydroelectric system and to sell the  remaining hydropower t o  other utilities at 
peak times. For other than peak-load use, Springfield will buy base load power from 
other utilities [1071. The technical e f fec t  of Springfield's operation is the  same as if a 
larger  util i ty network used the Black River dams for peaking production, thus reducing i t s  
need for fossil fuel capacity. The economic e f fec t  is a saving for  Springfield because i ts  
(peak power) selling price is higher than i t s  (base load power) buying price. It  is not 
clear, however, tha t  the economics of such an arrangement would work out as well for a 
small power production facility t ha t  did not  have t h e  s ta tus  of a municipal utility. The 
transactions between the  Springfield municipal utility and other utilities are conventional 
wholesale transactions. 



from a fixed amount of water during peak-load hours than that needed to generate the 
same amount of energy distributed over the entire day. But, the cost of hydro-turbines is 
very small compared to the cost of a dam or the cost of a steam generating plant. 

A second example is storage that makes possible the use of electric energy from solar 
sources such as wind, which might otherwise be unusable. If interconnection with a 
utility is not feasible, it is desirable to connect a wind generating system, for example, 
with a storage system. Such a storage system would allow the ultimate use of a portion 
of the excess energy that is generated, at  times when there is insufficient wind. There is 
still,' of course, a 10s of energy resulting from the conversion of electric to chemical 
energy (in the storage battery) and back again; however, absent the storage, the entire 
excess energy would have been wasted. If, on the other hand, interconnection is feasible, 
both the capital cost and the energy costs of storage can be avoided, a t  least to modest 
levels of market penetration by solar technologies. 

2.3.2.5 Plarming for Solar Prothetion of Electricity 

Decisions concerning the optimum mix of base load, intermediate, and peaking genera- 
tion, and desirable levels of energy storage capacity, have a large impact on the cost of 
electricity and the prospects for solar commercialization.* Significant levels of conser- 
vation, load management, development of generation facilities using solar resources, and 
use of cogeneration would diminish the required expansion of conventional electric 
generation capacity. Moreover, substantial use of wind energy (beyond at  least 5% of the 
capacity of a utility) might make accelerated development of energy storage desirable. 
The elec.tric utility industry has not as yet taken account of any such development in its 
forecasts [ 1081 . 

2.3.3 L d  Management T- Rate Struetu~le 

Peak-load pricing (or time-of-day rates) of electric service to large industrial users has 
proved a highly effective way to increase load factors in Europe during the past 20 years 
[log]. An experimental schedule by the Pacific Gas and Electric Co. for its largest c u s  
tomer has confirmed that time-of-day (T-o-d) rates are a feasible load management tool 
in the United States [1101. Residential customers also respond to experimental T-o-d 
rates by shifting demand away from the system peak [Ill]. 

Time-of-day rates may simply mean a much higher on-peak price per kwh than off-peak, 
as in residential applications; or there may be a relatively small energy price differential 
among peak, partial peak, and off-peak, along with a large demand charge difference 
[112]. A demand charge is usually based on the largest power demand in kW (averaged 
over a 15-min period) during the billing period. 

Interruptible rates are another means to improve load factors or decrease system peaks. 
Consumers may be given a lower electric rate if they accept the contingency of having 

*The economic consequences of poor decision making about generation capacity and mix 
are explored further in the course of the discussion about utility revenue requirements in 
Section 4.1.1. 



their service disconnected during a system peak. The amount of the interruptible 
demand could be considered a part of the spinning reserve, since it can be interrupted as 
required by system contingencies. 

A more benign form of interruptible rate is the curtailable rate. This allows the utility 
to cut off the excess over a certain minimum of service, as the need arises. Applied to 
residential users this would permit, for example, refrigerators, emergency lights, and the 
controls on nonelectric heating systems to remain on, while service to other appliances 
and general lighting could be cut off during system emergencies. The widespread 
adoption of such service could save much investment in reserve margin capacity, and 
even massive curtailment would be far more acceptable than a blackout. The cost of 
retrofitting existing housing stock to such fine-tuned curtailable service might be large. 
But serious consideration should be given to wiring code revisions that would make 
curtailable service possible. An instance of curUiilsble service is given in Seetion 2.3.4. 

PURPA 5 11 l(d) establishes as federal standards that timeof-day rates ~ h d l  be charged 
insofar as they are cost effective, and that interruptible rates be offered to industrial 
and commercial customers. The restriction that the rates be cost effective requires a 
comparison of the long-run benefits of the rate with metering and other associated costs 
[1131. The standards do not constitute a requirement, however. Each state regulatory 
authority must, within three years of the adoption of PURPA (i.e., by 9 Nov. 8 1) consider 
the standards set in S lll(d) and determine "whether or not it is appropriate to imple 
ment such standard. . . " [114l. Thus, again, there is a congressional mandate for load 
management, though the mandate leaves much room for state inaction. 

2.3.4 D f m t  Load Controls 

Demand at times of system peaks can be reduced through direct radio control of a 
customer's power demand by the utility. For example, the Albany (Georgia) Water, Gas, 
and Light Commission can shut off air conditioning compressors on a computer controlled 
basis. This municipal utility buys electricity wholesale and pays a demand charge for 12 
months based on its maximum kW demand coincident with the territorial peak. Any con- 
trol that decreases Albany's demand at that time saves Albany $60/kW. By cycling 3,700 
_air conditioners and 700 hot water heaters off for 7-1/2 minutes per half hour during the 
worst 16 hours of summer 1978, Albany shaved its coincident peak by 9.5 MW, for a 
demand charge saving of almost $600,000. The control units have an average cost of 
under $80. The installation is optional with the customer, who receives no special rate 
for agreeing to the curtailment 11 151. 

A more widely used d i ~ c t  load control is off-peak electric hot water heating. This 
allows for at least one of the hot water heating elements to be supplied by off-peak 
power only. The off-peak power is metered and billed separately. 



SECTION 3.0 

QUALIFYING SMALL POWER PRODUCTION AND COGENERATION PAC- 

The Public Utility Regulatory Policies Act of 1978 defines a SPPF as one that produces 
electric energy from biomass, waste, or renewable resources, and has no more than 80 
M W  of generating capacity [1161. A CF is defined as one that produces ll(i) electric 
energy, and (ii) steam ar forms of useful energy (such as  heat) which are used for indus- 
trial, commercial, heating, or cooling purposed1 [l la. The act defines a qualifying SPPF 
or CF a s  a facility that is "owned by a person not primarily engaged in the generation or 
sale of electric power (other than electric power solely from CFs or SPPFs)ll and llwhich 
the Commission determines, by rule, meets such requirements . . . as  the Commission 
may, by rule, prescribet1 11 181. 

Qualification is of fundamental importance in the commercialization of electric genera- 
tion from solar and renewable resources. Qualifying SPPFs and CFs are eligible for 
interconnection with public utilities, including the right to sell excess electric energy and 
to buy backup energy from the utility a t  nondiscriminatory rates, and exemption from 
certain laws, including state regulation as an electric utility. 

Interconnection is crucial for the commercialization of systems that generate electricity 
from intermittent sources (e.g., wind, sunlight) because backup energy may be required. 
Absent interconnection, these systems are useful only in conjunction with expensive 
storage systems, or for end uses that are readily interruptible. The ability to sell excess 
energy to the public utility is significant both to prevent waste (i.e., to allow the maxi- 
mum displacement of fossil fuels) and to make the facility economically viable. 

Exemption from state regulation may be necessary to permit sales of excess energy from 
SPPFs ar CFs to utilities. In many states, such facilities are classified as electric 
utilities and subject to regulation as such, by virtue of selling electric power. State 
regulatory agencies may refuse SPPFs and CFs licenses to operate unless the SPPFs or 
CFs are exempted from such regulation. Alternatively, state regulation of SPPFs and 
CFs as electric utilities may impose economic and procedural requirements-designed for 
the regulation of monopolistic public utilities-that may be so burdensome that the small 
producer cannot operate economically. Thus, denial of qualification to a SPPF or a CF 
by depriving it of exemption from state regulation may make it impossible or uneconom- 
ical to operate. 

Pursuant to PURPA 5 20 1, the Commission has proposed rules that set  the requirements 
for qualifying small power production and cogeneration facilities [1191. This section 
offers comment on the proposed rules, including a PURPA requirement incorporated into 
the FERC rules. 

3.1 PROPOSED PROCEDURE FOB CERTJFICATION OF QUALIFYING STATUS 
I 

Sections 29 2.20 2-.204 and 29 2.208-.209 of the proposed rules establish a certification 
process for qualifying status of small power production and cogeneration facilities. 
Although FERC is required, by S 201 of PURPA, to formulate rules defining qualifying 
SPPFs and CFs, the act  does not require case-by-case certification. The proposed 
certification rules are not necessary. It would be sufficient for FERC to establish 
generic rules as  to qualification. Such rules would be available for use should a dispute 



arise between a utility and a power user/producer, and to assist state regulatory author- 
i t ies  in making generally applicable tariffs. The proposed certification procedure would 
serve as a disincentive to  the  establishment of CFs and SPPFs, because of the  time and 
expense involved. The proposed regulations should be  amended, on policy grounds, to 
eliminate the certification procedure. 

3.1.1 The Procedare 

When a small power production or cogeneration facility (of any size) seeks to intercon- 
nect with a utility, the  first step is for' i t  to negotiate directly with the utility. If the  
utility, with the agreement of the  state regulatory authority, agrees to interconnect, buy 
excess power, and sell backup power at fair rates, the SPPF or CF need go no further. If 
the  utility refuses to interconnect at fair rates, there are two possible scenarios under 
the  Comm issionls proposed rules. 

First, the applicant might seek to compel the utility to interconnect and/or provide a fair 
rate by appeal to  the  state regulatory authority. This regulatory authority, in turn, 
might either grant the appeal or might raise the  question, "Are you a qualifying facil- 
ity?" At this stage, if the applicant has not been certified pursuant to  proposed rule 
292.202, the answer will b e  "No." In tha t  case the  applicant would be forced to  seek 
certification of qualifying status from PERC. 

The applicant, having been refused interconnection a t  fair rates by the utility, could 
alternatively seek direct certification of qualifying status from FERC. The certification 
procedure is spelled out  in proposed rules 292.202 and .208, and includes a requirement 
tha t  the applicant serve notiee of this FERC application on the utility and state regula- 
tory authority (S 292.203); moreover, the utility, the s ta te  authority, or other interested 
parties may file protests (S 292.204). 

If FERC certifies that  the  SPPF or CF qualifies, the proceedings presumably shift to  the  
state regulatory authority for an order permitting the applicant to  sell excess power and 
buy backup power a t  rates  established by the s t a t e  authority consistent with FERC 
regulations (yet to be' proposed) pursuant to  PURPA S 210. An alternative possibility 
might b e  (if a ra te  schedule exists already) that  the certified SPPF or CF can now 
interconnect without a hearing at the  state. regulatory authority. A further possibility, 
not precluded by the text  of PURPA S 210, is that  FERC could set actual rates, thus 
allowing the state  authority t o  be bypassed; however, indications are that  PERC will not 
choose to do so. 

3.1.2 ObjectionS to the Pmcedhm 

The proposed certification procedure adds an extraneous s tep  to the  regulatory process. 
The imposition of such procedural r q u h e m e n t s  could have ar.1 adverse effect on the  
commercialization of solar sources of electric power (including biomass, wind, photovol- 
taic, solar thermal, low head hyd~oelectric) by small power producers, as well as cogen- 
eration. 

The rules could better serve solar commercialization by setting qualifications for SPPFs 
and CFs to be used in all  proceedings in connection with PURPA. In a proceeding before 
a s ta te  public utility regulatory authority seeking interconnection and/or fair backup and 
sellback rates under S 210 of PURPA, a party seeking interconnection and/or fair rates 



would have to assert, among other claims, that it qualified under 5 201 and the Commis- 
sion's 5 20 1 rules. The utility might dispute that claim, and the state authority would 
then determine whether the SPPF or CF qualified. 

Section 201 of PURPA defines qualifying small power production and cogeneration 
facilities, giving several criteria, and providing for the Commission to prescribe, by rule, 
additional qualifications, including "fuel use, fuel efficiency, and reliabilityt1 for SPPFs 
and "minimum size, fuel use, and fuel efficiencyt1 for CFs. The act also authorizes the 
Commission to determine who qualifies under the ac t  "by rule.ll It does not provide for 
the Commission to  "certifyv case-by-case who qualifies. Section 201 directs the Com- 
mission to establish rules for qualification. Section 201 could be read broadly to author- 
ize individual certification of qualifying facilities, but such a reading is not compelled by 
the language of the statute. It can be said that c ~ a t i o n  of a certification process by the 
Commission is not required by the act. 

It is also unclear whether the intent of the proposed regulations is to require that every 
SPPF and CF obtain certification, or only those that cannot get interconnection a t  fair 
rates and need to invoke the state or federal regulatory process for relief. If the former 
is intended, all would face a regulatory proceeding, even those that were able to obtain 
interconnection a t  fair rates. If the latter, three results would likely ensue: (1) those 
needing relief would be 'forced to go through two proceedings rather than one--certifica- 
tion and interconnection; (2) the prudent SPPF or CF, rather than waiting for the 
outcome of its dispute, might apply for certification as soon as it encountered 
difficulties with the utility; and (3) the very existence of the certification procedure 
would mean far more SPPFs and CPs would have disputes with utilities. 

Regardless of the intent of the proposed regulations, the effect of establishing a certifi- 
cation procedure is that a utility or state regulatory authority is likely to make its 
threshold question when dealing with a SPPP or CF: "Are you certified?" Such a request 
would mean that small power producers or cogenerators would have to invoke the 
administrative process. It would tend to make certification a universal requirement for 
interconnection, whether or not that is the intent of the proposed regulations. 

The existence of the certification process is thus likely to retard the growing movement 
by state regulatory authorities to order interconnections and fair rates to WECS facili- 
ties, pel to make more difficult the interconnection of other small power production 
facilities. 

Further adding to the burden, if certification is challenged, the certification proceeding 
may make it expensive for those small power producers who use it. Although the appli- 
cation itself (proposed rule 292.202) may be fairly simple, the regulations require discus 
sions with the local public utility with which interconnection is sought [S 292.202(b) and 
(e)(5)1, and notice to that utility of the application [S 292.203(b)]. The regulations also 
allow the utility to protest the certification application (5 292.204). Utilities may 
routinely contest such applications. Even if the Commission is expeditious in dealing 
with them (e.g., by adding a large number of new staff), keeps the backlog within man- 
ageable proportions, and does not invoke its power to toll the running of the decision 
period (5 292.2081, the proces  may be long, involved, and a significant cost burden to 
small businesses. 

The net effect could be that even when self-generation or cogeneration of electricity is 
economical, it may well become uneconomical if the certification procedure is 
established. 



The proposed certification process is likely to inhibit the commercialization of solar 
electric generation and tax the Commission's resources. Rather than try to determine 
which small power production and cogeneration facilities qualify in each case, the 
Commission's resources could be much better used to give adequate direction to state 
regulatory authorities in the qualification regulations. 

3.1.3 Pmpased Charge of the PBRC Regulatiolr 

The sllggestion to discard the certification procedure implies a change of the title to: 

"Subpart B-Requirements for Qualifying Small-Scale Power Production and Cogenera- 
tion Facilities." 

In addition, a conforming change would be required to: 

"S 292.20 1 S c ~ e .  This subpart applies to the requirements which must be met by small 
power  product^& and cogeneration facilities in order to be qualifying small power 
production or cogeneration facilities under Sections 3(17XC) and 3(18)(B) of the Federal 
Power Act, as amended by Section 201 of the Public Utility Regulatory Policies Act of 
1978 (PURPA)." 

3.2 MIlqIMUH SIZE LIB¶ITATIDN 

Section 292.205(b)(2) establishes a minimum size limitation of 10 kW for qualifying 
SPPFs. Legal as well as policy arguments are advanced for the deletion of this section. 
A similar minimum size limitation is imposed on qualifying CFs by Section 292.206(g). 
Policy grounds alp! suggested for the possible deletion of this section. 

The proposed imposition by FERC of a minimum size for qualification of SPPFs and CFs 
would deny the advantages of PURPA to under 10-kW facilities and make their intercon- 
nec tion with public utilities unlikely in many states. This result seems likely to seriously 
hinder the commercialization of under 10-kW sman wind energy conversion systems 
(SWECS) and small-scale photovoltaic systems (PV). The focus on SWECS and PVs is not 
intended to be exclusive of other technologies, but results from the lack of any present 
commercialization efforts involving electric generation at less than 10-kW in other solar 
technologies, including biomass. There is no value, of course, in foreclosing such devel- 
opments. 

In Section 3.2.1, the legal and statutory authority of the Commission to set a minimum 
size standard for qualification of SPPFs is questioned. In Section 3.2.2, policy arguments 
are advanced that proposed rule 292.205(b)(2) is based on a premature dismissal of the 
economic viability of sman systems, and on an erroneous assumption that the rule frees 
utilities from an analysis and plannim burden to which they would otherwise be s&- 
j&ted.* A third policy argument is that, if proposed rule 292.205(bX2) becomes final, 
the minimum size limitation would discourage the commercialization of SWECS and 

*The Commissionls rationale fa .  the proposed minimum size limitation is that "there 
seems to be no advantage in encouraging uneconomic operation of commercial systems or 
burdening utilities with analysis and planning for hypothetical systems which are unlikely 
to be constructed because they cannot recover the investment costsn [12Q1. 
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sman-scale PV systems, and may very well have an adverse impact on the commerciali- 
zation of larger systems for use by SPPFs. Moreover, opportunities for significant fuel 
savings and direct involvement of citizens in the effort to conserve energy would be 
foregone. In Section 3.2.3, these policy arguments are shown to be reasons for the 
deletion of a minimum size limitation for qualifying SPPFs, and in part, serve as argu- 
ments for deleting § 292.206(g) regarding the qualification of CFs as  well. 

3.2.1 Legal Authority to Regulate Minimum Size of SPPPs 

Seetion 3 of the Federal Power Act, as  amended by 9 201 of PURPA, does not.authorize 
FERC to place a minimum size limitation on qualifying SPPFs. PURPA states: 

11(17XC) '[Ql ualifying small power production facility1 means a small power production 
facility-(i) which the Commission determines, by rule, meets such requirements (includ- 
ing requirements respecting fuel use, fuel efficiency, and reliability) as the Commission 

* may, by rule, prescribe. . . ." 
11(18XB) l[Qlualifying cogeneration facility1 means a cogeneration facility which-(i) the 
Commission determines, by rule, meets such requirements (including requirements 
respecting minimum size, fuel use, and fuel efficiency) as the Commission may, by rule, 
prescribe. . . l1 (emphasis added). 

Taken alone, § 3(17XC) would appear to confer the  authority on FERC to set  any reason- 
able rule. But because Congress has specifically itemized minimum size with respect to 
CFs in § 3(18XB), i t  is, correct to assume that Congress has intended that the Commission 
should not regulate the minimum size of qualifying SPPFs. It is a rule of statutory 
construction that the expression of one thing is the exclusion of others. This rule applies 
with particular force when something (e.g, minimum size requirements) is provided in 
one part of a statute and omitted in another [12 11. 

This distinction between SPPFs and CFs is consistent with the congressional intent in 
PURPA that nonrenewable resources be conserved. CFs conserve fuel to the extent they 
utilize lem energy than would otherwise be required to provide electricity and heat; 
SPPFs, on the other hand, necessarily conserve fuel since they use only solar or . 
renewable resources as primary sources. 

3.8.8 Policy Gnrunds for the Deletion of Section 292.205(bx2) 

3.2.8.1 The Economic Viability of Small Systems 

It is premature to conclude that systems under 10 kW 'lare unlikely to be constructed 
beoause they oannot recover investment costst1 [122]. A number of SWECS are presently 
in service, interconnected with public utilities, with backup and sell-back provisions. 
Moreover, the Department of Energy (DOE) is developing improved 8-kW wind turbine 

enerators in conjunction with the Rocky Flats experiments. Various studies within and 
far DOE predict that SWECS may become economically viable in the near term and that 
SWECS commercialization may displace from 0.3-0.5 quad of primary fuel annually by 
the year 2000 [123], An additional annual displacement of 0.2-0.3 quad by 3.4-kW PVs 
may be economically feasible [124l. 

Even if these projections prove false in the long run, and even if FERC1s perception is 
correct that under 10-kW SWECS are not cost-effective, the congressional intention to 
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encourage SPPFs is bet ter  served by market forces than by FERC regulation that  makes 
interconnection unlikely. 

3.2.2.2 The Analysis and Planning Burden 

FERC1s concern with "burdening utilities with analysis and planningv for interconnec tion 
with SWECS (and ultimately small PVs) seems unfounded. The major analysis and 
planning burdens would seem to relate to  safety, load management, and ratemaking. 
Qualification of SPPFs using unsafe equipment is not proposed At least one manufae  
turer (EnerTech) has an  interconnectable wind generator with an automatic brake that  
shuts down the SWECS when there is a loss of power on the utility line, thus solving one 
technical planning worry. Load management planning fcr under 10-kW systems should 
not differ substantially from that  which is already required for those systems larger than 
10 kW, which nevertheless enter  the grid at the same level. A full analysis of the  impact 
of interconnected SPPFs on public utility capacity, energy requirements, and ra temaking 
is best delayed until (1) the cost-ofservice studies required by § 133 of PURPA (and by 
the corresponding FERC regulation, Subchapter K, Part  290) are available, and (2) a data 
base is established fa -  assessing the impact of dispersed WECS on the  utilities to which 
they a re  interconnected. 

There is presently no adequate data base to  assess the potential impact on utility capa- 
city and fuel needs of a large number of dispersed SWECS.* An excellent data base will 
become available when a substantial number of SWECS (at least 100,000) are in use. 
Even with this number, no utility would have more than 1% of its residential customers 
SWECS-equipped. Since the impact on residential rate payers of allowing less than 1% of 
them to generate part of their own electricity would be negligible, a cost-of-service 
analysis could be postponed until an adequate data base (not mere simulation) is 
available. 

3.8.8.3 The Prop& Rule's Adwerse Effect ora Energy Conservation 

Proposed rule 292.205(bX2) would almost certainly drive residential-scale WECS off the 
market and deter the introduction of residential PV systems (except in isolated situations 
where energy storage systems are  economical). Even utilities that  presently cooperate 
with such systems would have no reason to interconnect new customers. This chilling 
ef fec t  on SWECS (and ultimately small PV commercialization) has serious consequences: 

The development of the  1-10 kW market, and its impact on public awareness and 
acceptance, may have an influence on the development of the larger scale WECS 
market. The stifling of the SWECS market may undermine effective and eco- 
nomical development of intermediate size systems, especially those systems not 
owned by utilities, as envisioned in Title I '  of PURPA. 

*A simulation study (based on four wind regimes) by General Electric for the  Electric 
Power Research Institute suggests that  wind power plants have capacity value (which 
diminishes as the wind component rises above 5% of the  system) [1251. A second study, 
currently in progress, simulates dispersed WECS, including small ones. A study with 
actual SWECS in place is being conducted a t  Rocky Flats by Rockwen International; this 
study will be extended to about 100 machines at diverse locations within the next 18 
months. 



The potential fuel saving from 4-kW SWECS and 3.4-kW PVs would b e  0.5-0.8 
quad annually by 2000 if the MITRE projections prove correct. I t  would be 
unfortunate if FERC regulation were to foreclose so significant a contribution 
towards the national goal of saving 22 quads of nonrenewable fuel annually. 

President Carter's goal of enrolling citizens in the  "energy war effortTT would 
receive a setback. Individual homeowners who meet a part  of their own energy 
budgets do fa r  more than displace ,a little fossil fuel; they contribute to  the 
public morale and the kind of public awareness of the  energy situation tha t  is 
necessary for ultimate solutions. 

In conclusion, proposed rule 292.205(b)(2) has the potential of aborting the very deve lop  
ment of SPPFs that Congress sought to encourage with Title I1 of PURPA. The deletion 
of this rule would have no foreseeably harmful effects. 

3.2.3 A Minimum Size Limitation for QualifMllg CFs 

Direct information is lacking on the  cost-effectiveness or fuel efficiency of residential- 
scale cogeneration (such as with diesel engines that  supply both residential heating and 
electric needs). Moreover, i t  must be  noted that  Congress anticipated tha t  FERC might 
set  minimum size standards for qualifying CPs. Nevertheless, i t  should be noted that  
parts of the  three policy arguments for the  deletion of any minimum size limitation on 
qualifying SPPFs serve equally well as reasons for deleting rule 29 2.206(g). Thus, the 
issue of the  economic viability of small cogenerators could be  left  to market forces. And 
as is true for SWECS, residential cogenerators would impose no analysis and planning 
problems not presented already by somewhat larger (qualifying) units. Finally, the  
deletion of the  restriction would encourage the involvement of individual citizens in the 
national energy conservation effort. Although the Commission has the  statutory author- 
ity to  set a minimum size for qualifying cogeneration facilities; no obvious purpose is 
served by proposed rule 292.206(g) and it should b e  deleted. 

3.3 POSIL FUEL FOR SPPFS: SECTION 292.205(a)(2) 

Section 292.205(aX2) of FERCTs Proposed Rules limits the planned use of fossil fuel in 
SPPFs [126]. The limits, per MW of rated capacity, are: 

500 barrels (bbl) of oillyr (or its Btu equivalent in gas) for ignition, start-up, and 
testing; 

0.2 bbl of oillhr of operation (or i ts  Btu equivalent in gas) for flame stabilization 
and control; * and 

11 0 bbl of oillyr (or i ts  Btu equivalent in gas) during outages of the  normal fuel 
SUPP~Y* 

Limits on fossil fuel use by SPPFs are required by S 201 of PURPA in which a SPPF is 
defined as one that "produces electric energy solely by the use, as a primary energy 
source, of biomass, waste, renewable resources, or any combination thereof. . .Ir (empha- 
sis added). The act further states that: 

*In the  case of facilities burning solid municipal wastes, the limit is 0.5 bbl of oillhr of 
operation. 



"primary energy source" means the fuel or fuels used for the generation of 
electric energy, except that such term does not include, as determined 
under rules prescribed by the Commission, in consultation with the Secre- 
tary of Energy- 

(i) the minimum amounts of fuel required for ignition, start-up, testing, 
flame stabilization, and control uses, and 

(3) the minimum amounts of fuel required to alleviate or prevent- 
(I) unanticipated equipment outages, and 
(11) emergencies, directly affecting the public health, safety, or 

welfare, which would result from electric power outages. [I273 

A technical and policy argument is presented below that the 110 bbl limit for use during 
outages of normal fuel supply is insufficient. A modification is proposed that the  amourit 
of 11 0 bbl in S 292.205(a)(ZXiii) be increased to 12 10 bbl of oil/yr per MW of generating 
cag~city. A.lternatively, it is proposed that the aggregate fossil fuel for the purposes 
stated in all three subsections of 9 292.205(a)(2) be set at 1800 bbl, with the distributiori 
among the three uses at the discretion of the small power producer. 

3.3.1 The Technical Need fa r  Fossil Fuel in Hybrid Systems 

Solar thermal electric generation is a promising use of solar energy for the production of 
electricity. Solar thermal units use steam generators in which heat is supplied to the 
boiler by sunlight reflected from an array of mirrors. The mirrors are motor driven by 
heliostats so that the reflected light continues to fall on the boiler while the position of 
the sun in the sky changes. An experimental 10-MW solar thermal electric installation is 
under construction by Southern California Edison Company at Barstow, Calif. 

In the Southwest, there is adequate sunlight for 80% of the approximate 3500 hours 
during which utilities require peaking or intermediate generation [1281. By supplying 
solar thermal electric units with fossil fuel for 700 hr/yr, one would have a reliable 
substitute for peaking and intermediate generation capacity equal to the rated capacity 
of the unit. Such a hybrid system (part solar, part conventional fuel) obviates the need of 
utility generation capacity far more effectively than a pure solar thermal system would, 
since a pure system is unavailable about 20% of the intermediate and peak load time. 

An annual allotment of 1 10 bbl of oil provides enough energy to generate 64 M Wh, or 1 
M W  for 64 hours [129]. In order to provide fuel for 700 hours of operation per year, the 
allotment must be increased by the ratio 700:64 to 12 10 bbl. 

A somewhat more generous total oil use allotment is appropriate in order to extend the 
usefulnes of solar thermal electric production into regions of the country where sunlight 
may be available for less than 80% of the peak load time. In places where adequate 
insolation is available only 70% of the peak and intermediate load time, a total of 1800 
bbllyr per MW capacity would allow fossil fuel operation during the remaining 30% of 
that time. The fossil fuel energy contained in 1800 bbl of oil equals the total electric 
energy output of a hybrid plant operating 3500 hr/yr. Thus, the proposed SPPF would 
generate as electric energy an amount equal to 100% of the chemical energy contained in 
the fossil fuel consumed, as compared to a conventional plant that may reach an effici- 
ency of 33%. 



3.3.2 P o l i q  Arguments for Encour4ging Hvbrid Systems 

Without an increased oil allotment llduring outages of the normal fuel supply,ll it  is not 
economical to build solar thermal electric plants. Facilities not owned by utilities, if 
barred from hybrid operation, would be a t  a hopeless disadvantage compared with utility- 
owned facilities, since the latter would not be bound by rules governing SPPFs. In order 
to encourage the development of any new energy technology, it is useful to rely on a 
private alternative. Utilities are not likely to take as much initiative in developing new 
technologies, because of a tradition of favoring large size and because state regulation 
does not encourage utilities to venture into new technologies [1301. 

The proposed 1210 bbl of oil to be used during outages of the normal fuel supply (in this 
case outages are simply unavailability of sunlight) actually represents less fossil fuel than 
would be allowed under FERC1s proposed rule S 292.205(a)(2Xi-iii) per MW for a biomass 
plant operating 3500 hrlyr. The FERC proposed rule would permit the use of: 

500 bbl of oil for start-up, etc.; 

700 bbl for flame stabilization a t  0.2 bbllhr of operation; and 
11 0 bbl during outages of normal fuel supply-for a total of 13 10 bbl of oillyr per 
MW. Since the hybrid system would in fact need no additional oil for start-up 
and for flame stabilization, i t  is no more wasteful of oil than biomass plants are 
allowed to be. In either case the fossil fuel use is about 20% of the amount a 
conventional plant would consume to generate the same power for the same 
number of hours. 

3.3.3 Is An hmased F d  Fuel AIlotmemt Coarsistent with PURPA? 

It appears that PURPA allows SPPFs fuel only during unanticipated equipment outages 
and emergencies. Strictly construed, the language defining "primary energy sourcef1 does 
not permit the use of fuel to make possible a hybrid system. It is not even clear in what 
way the ac t  authorizes FERCfs proposed allotment of 110 barrels "during outages of the 
norm a1 fuel supply." 

Authority for FERC to prescribe a limit of 1210 bbl (or preferably 1800 bbl for all p u p  
poses together) can be inferred from these sources: 

the proposed increased allotment is consistent with the purposes of Title I 
(quoted in Section 2.3), which are in turn consistent with Title 11. 
The Conference Report on PURPA states that 

[vjlith regard to the definition of llsmall power production 
facilityv, the conferees intend, for purposes of maintaining 
status as a small power production facility, that the phrase 
"primary energy sourceft does not preclude the use of gas 
or oil in a facility for the generation of electricity during 
scheduled outages. [13 U 

The entire language governing llprimary energy source" appears to be inadvert- 
ently unaware of the solar thermal technology. 

Although the unavailability of sunlight is more nearly analogous to forced than to 
scheduled outages, the urgency of using oil during solar unavailability is even greater 



than the urgency of continuing to generate electricity during scheduled outages, for 
scheduled outages are not taken during peak load hours. The use of oil or gas for "flame 
stabilizationtt may be  necessary for burning waste or biomass, but i t  is totally irrelevant 
t o  conventional fossil generation as backup for solar thermal. "Unanticipated equipment 
outagestt similarly suggests a focus on fuel burning installations, since the  sun is not 
really ttequipment.ll Even FERC (relied on t o  give technical implementation t o  the  
PURPA r e q u i ~ m e n t s )  speaks of "outages of the  normal fuel supply," which does not seem 
to  include sunshine unless read very broadly. It  appears, therefore, that  neither the  
drafters of PURPA nor FERC foresaw the  special problems of solar thermal electric 
genera tion. 

The changes here proposed to 9 292.205(a)(2) of FERCts proposed rules under PURPA, 
§ 201, a re  consistent with the intent of PURPA. Nevertheles, a modification of S 201 
would b e  desirable. Section 3(17XB) of the  Federal Power Act, a s  amended by PURPA 
S 201, should be amended by adding: 

(iii) an amount of fuel to  operate a solar thermal facility for up to 30% of 
its total operating time, during periods of insufficient insolation, provided, 
however, that  the  to ta l  fossil fuel energy expended is less than the  total  
electric energy generated. 

3.4 HYBRID COGENERATION/BK)MASS SPPFS 

A gap in PURPA and the  FERC proposed rules is the lack of clarity regarding hybrid 
facilities with portions that  operate as CFs and other portions that  operate a s  SPPFs. 
Neither PURPA nor the  proposed rules make clear whether a facility that  is a hybrid of 
cogeneration and small power production is qualified a s  either or as a combination. 

An example of the  type of facility that falls into this regulatory gap is the electric power 
facility of the Louisiana Pacific Corporation 11321. This facility uses wood waste t o  
generate 35 M W  of power--about 20 MW in a cogeneration mode and 15 M W  in a convew 
tional biomass-fueled steam turbine generating plant. 

Section 201 of PURPA defines a SPPF as one which "has a power production cmaci ty  
which, together with any other facilities located at the sames i t e  (& determined by the 
Commission), is not greater  than 80 MWtt (emphasis added). Since Louisiana Pacific uses 
biomass for its cogeneration and its smal l  power production modes, and since both plants 
a r e  at the same site, the  facility would qualify as a SPPF. However, although Louisiana 
Pacific does qualify a s  a SPPF, i t  might wen prefer to  qualify as a CF. 

A 35-MW SPPF is disadvantaged relative to a CF  because: 

No qualifying small power production facility which has a power production 
capacity which, together with any other facilities located at the same si te  
(as determined by the Commission) exceeds 30 MW, may be exempted [from 
the provisions of the  Federal Power Acd . [I24 

Because exemption is available to CFs, i t  would be  an advantage for a facility such as 
Louisiana Pacific to qualify as a CF. However, taken as a 35-MW CF, the plant will not 
meet  the efficiency requirements of S 292.206(d-f), since only about one-half the  plant 
operates to utilize waste heat. Thus, it would be  to Louisiana Pacific's advantage to 
qualify as a 20-MW SPPF and a 15-MW CF. 



TR- 48 4 
SE?ll#l 

A sharper definition of the same problem is provided by a hypothetical 35-M W facility in 
which 20 MW are a fossil-fueled CF and 15 M W  a biomass SPPF. In this case, the entire 
facility cannot qualify as either SPPF or CF; it 'is a hybrid of the two. 

By separating its rules regarding qualifying SPPFs (S 292.205) from those regarding 
qualifying CFs (S 292.2061, FERC has left unclear the status of a facility that is a hybrid 
of the two. A separate section is probably needed, to clarify that in a multiunit facility 
of which less than 80 M W  falls under the definition of qualifying SPPPs and separate 
units fall under the definition of qualifying CPs, the composite may qualify in part as a 
SPPF and in part as a CF. 

3.5 MAXIMUM SIZE LIMlTATW)N $ 

The preceding four recommendations constitute a comment on PERC1s proposed imple  
mentation of S 201 of PURPA. The remaining recommendation is for a modification of 
the act  itself insofar as i t  pertains to the qualification of SPPFs for exemption from 
certain laws. The recommendation is in two parts. 

3.5.1 Recommeded Amendments to PURPA 

The first part of the recommendation is to delete S 210(e)(2). According to the definition 
in PURPA, a SPPF is limited to a rated power production capacity of 80 MW [134. 
However, the exemption of qualifying SPPFs from regulation under the Federal Power 
Act, the Public Utility Holding Company Act, and state laws and regulations respecting 
rates or the financial or organizational regulation of utilities, is limited to SPPFs of 30- 
M W  capacity or less [1351. 

The congressional intent behind the exemption is, in part, that 

the examination of the level of rates which should apply to the purchase by 
the utility of the cogenerator's or small power producer's power should not 
be burdened by the same examination as  an? utility rate applications, but 
rather in a less burdensome manner. The establishment of utility type 
regulation over them would act as a significant disincentive to firms 
interested in cogeneration and small power production. [I361 

There is no discernible reason for the distinction between the maximum power production 
capacity of a SPPF (80 MW)--hence, the criteria for interconnec tion-and the maximum 
capacity (30 MW) for exemption. 

The second part of the recommendation is to change the maximum size criterion in the 
definition of a SPPF in S 201 from lla power production capacity . . . not greater than 80 
MWn to Ifan annual energy production capability . . . not greater than 500 million kwh." 

i 

No rationale is offered for defining the capacity of a llsmall power production facilityn in 
terms of its rated power capacity (in megawatts) in S 201 while defining the minimum 
capacity of electric utilities for purposes of llcoveragefl of Title I in terms of annual 
energy sales (in kilowatt hours) in 5 102. Title I of PURPA applies to electric utilities 
whose annual volume of retail sales exceeds 500 million kwh. It is noteworthy that this 
is just equal to the energy output of an 80-MW plant operating a t  a 70% capacity fac- 
tor. There appears, therefore, to be a certain correspondence between the PURPA 
drafters1 sense of "too small for Title I to apply" and a llsmallll power production facility. 



Insofar as the model of a SPPF is a biomassfueled steam turbine generating plant, there 
is a rational connection between the power capacity limit of 80 MW and the § 102 
concept of a small electric utility; one with the ability to produce 500 million kwh of 
electric energylyr. However, a different situation remains for wind energy conversion 
systems (W ECS) or other technologies that depend on a resource of limited availability. 
Is an 80-MW WECS or a 500 million kwh WECS more like the 80-MW biomass SPPF that 
generates 500 million kwh annually? 

3.5.8 WECS Operation 

The effectiveness of a WECS is strongly dependent on the local wind regime. The power 
available in the area intercepted by the turbine is proportional to the cube of the wind 
speed. No power is available, however, at wind speeds below the cut-in speed or above 
the cut-out speed of the particular machine. Moreover, each WECS has a rated output 
corresponding to a rated wind speed. At wind speeds gl'eater than the rated speed and 
less than the cut-out speed, the WECS electric power output remains at the rated 
output; the benefit of incwased output with increased wind speed is lost. The wind 
regime thus enters into the choice of WECS in two ways: (1) it is uneconomical to install 
a WECS unless there is adequate wind enough of the time, and (2) the rated value of wind 
speed must be appropriate. Too small a rated wind speed for the local wind regime 
means the WECS operates at capacity but foregoes much available wind energy; too large 
a rated speed means excessive capital costs for a machine that rarely operates at 
capacity 11 371. 

The capacity factor is defined as the ratio of the energy generated in a time period to 
the energy that would have been generated had the WECS run at rated output continu- 
ously. The capacity factor is a measure both of the wind regime and the designer's 
trade-off between capital cost and the value of the energy obtained. Capacity factors as 
high as 50% are possible in high wind areas, but at least one study assumes an average 
capacity factor as low as 12% 11381. 

3.5.3 The Social Value of the Proposed Amendment 

WECS may be used in four distinct modes. Small WECS may be used to provide the 
electrical needs of a household or farm, provided backup is available through intercon- 
nection. Intermediate or large WECS may be used to supply energy to  PI industrial or 
commercial facility. Groups of large WECS, chstituting a "wind farm," may be owned 
and operated by utilities as a portion of their generation facilities. A similar wind farm 
can be independently owned and operated solely for the &rpose of selling electric energy 
to the public utility. 

The incentive for building an independently owned wind farm is economic-it will be done 
when an investor sees the possibility of an advantageous investment. Independent wind 
farms are socially useful because the risks inherent in a new technology are not assumed 
by the custnmers of the utility if\private capital is used for this experimental purpose: 

Independent commercial wind farms require a large capacity to be economically compet- 
itive; 30 M W  is too small and 80 MW is marginal [139]. Exemption from regulation under 
the Federal Power Act is essential. Without exemption, the cost of production becomes 
a factor in the rates and the risk capital will not be forthcoming. With exemption, the 
rates are based on the provisions of S 210(b) of PURPA and may not exceed "the incre- 
mental costs to the electric utility of alternative electric energy." Thus, the restriction 
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of exemption to SPPFs of no more than 30 MW would "act as  a significant disincentive to 
firms interested in . . . small power productionff 11401. 

The second of the proposed amendments has the practical significance of allowing larger 
wind farms than would be permitted under an 8*MW limit on SPPFs. An amendment to 
set a maximum annual energy output of 500 million kwh as  a limit, instead of a maximum 
rated power capacity, has the additional advantage that  technical choices about rated 
capacity would be based on economic and not on regulatory parameters. That is, the 
rated wind speed would be selected on technical grounds, not in order to meet a regula- 
tory goal. 
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ELECTRIC U T U T Y  RATE REGULATION 

Section 3.0 addressed the issue of f'qualificationff under S 201 of PURPA and its imple- 
mentation by FERC. Even facilities that qualify under the regulations face a potential 
barrier under S 210, which requires PERC to set standards for exemption of qualifying 
facilities from certain laws and regulations, and rules governing the rates at which 
utilities are required to buy from and sell to QFs.* Because of the large initial cost of 
most solar technologies for producing electricity, a favorable rate structure may be a 
necessary incentive. 

FERC rating rules must implement the following statutory language: 

The rules . . . shall insure that, in requiring any electric utility to offer to 
purchase electric energy from any qualifying cogeneration facility or 
qualifying small power production facility, the rates for such purchase- 

(1) shall be just and reasonable to the electric consumers of the 
electric utility and in the public interest, and - 

(2) shall not discriminate against -qualifying cogenerators or 
qualifying small power producers. 114 U 

No such rule . . . shall provide for a rate which exceeds the incremental 
cost to the electric utility of alternative electric energy. [142) 

flDncremental cost of alternative electric energy" means, with respect to 
electric energy purchased from a qualifying cogenerator or qualifying small 
power producer, the cost to the electric utility of the electric energy 
which, but for the purchase from such cogenerator or small power pro- 
ducer, such utility would generate or purchase from another source. 11 431 

The rules . . . shall insu.re that, in requiring any electric utility to offer to 
sen electric energy to any qualifying cogeneration facility or qualifying 
small power production facility, the rates for such sale- 

(1) shall be just and reasonable and in the publio interest, and 
(2) shall not discriminate against the qualifying cogenerators or 

qualifying small power producers. 1144 

Section 5.0 explores how the precedin PURPA requirements concerning rates can be 
reconciled with the mandate of 8 210(a f that FERCfs rules lfencourage cogeneration and 
small power productionff Section 4.0 attempts to provide a background of public utility 
ratemaking principles against which the recommendations made in Section 5.0 can be 
under stood. 

Ratemaking is a complex if not arcane discipline, the subject of numerous profound 
treatises [1451. Amorg these treatises, the work by Bonbright has given rise to the 
widely recognized "Bonbright principlesf1 of rate regulation. A detailed application of 

*The rationale for exemption has been discused in Section 3.5.1 and in the quote in the 
text accompanying Ref. 136. The focus of the remainder of this report, however, is O n  
the rates and not on exemption. 



marginal cost prici to electric utility rate structures is the topic of an important 
scholarly article 1143. A helpful primer on electric utility rate design has been prepared 
by the Eleclric Power Research Institute for the National Association of Regulatory 
Utility Commissioners [147]. Two recent SERI publications provide brilliant expositions, 
both simple and lucid, of utility ratemaking in relation to the commercialization of solar 
energy technologies [1481. An earlier article relating solar energy development and 
utility rates is of seminal importance [1491. 

Section 4.1 discusses the three major Bonbright principles of rate regulation. The way in 
which these ratemaking principles are implemented affects the analysis of the costs 
imposed on utilities or averted by the commercialization of cogeneration and of solar 
production of electricity. Section 4.2 describes the use of long-range incremental cost 
(LRIC) analysis in utility ratemaking. The LRIC approach is one way to interpret the 
requirement of PURPA 5 210(b) that "no such rule . . . shall provide for a rate which 
exceeds the incremental cost to t h e  electric utility of alternative electric energy." A 
LRIC interpretation of this requirement may lead to a rate structure that successfully 
encourages QFs and SPPFs. 

4.1 GOAM OF A RATE STRUCTURE 

Ratemaking is widely recognized as meeting three primary and several secondary 
objectives [150]. These -called Bonbright criteria are: 

Rates should provide sufficient revenue to keep the utility economically sound. 
Rates should be fair and nondiscriminatory, reflectirg the cost of serving each 
clas of customers. 
Rates should promote an efficient allocation of resources regarding: 
- the  amount of utility service purchased by the consumer, and 
- the balance between peak and offqeak service. 

Additional goals are  the stability and continuity of rates, simplicity, clarity and feasibil- 
i ty of application, and public acceptance. 

4.1.1 Rev- Requirement 

The first step in a ratemaking procedure befme a state regulatory authority is to deter- 
mine the utility's revenue requirement [l5U. The revenue requirement must cover 
operating expenses as well as a "fair returnw on investments in the  utility [1521. The 
inquiry lnt.6 the revenue requirement is Itoften qualified by the stipulation that the 
relevant cost is necesary cost or cost reasonably and prudently incurredu 11 531. 

, Insufficient attention has been paid by regulators to the question of ltnecessary cost . . . 
prudently incurred." As noted in Section 2.1.2.3, the electrical industry has been se- 
verely ovemstimating the growth in demand. Arguably, such overestimates represent the 
sort of "imprudent cost" that should be excluded from the rate base. By way of an 
attempt to explain why, between 1977 and 1978, the vnoncoincident peak demand for the 
country rose a feeble 1.346," the  authors of the 29th Annual Electrical Industry Forecast 
write: "the second possibility that occurs is that we have been undergoing a hidden 
conservation movementw f154l. However, the forecast continues, the "growth patterns 
throughout the forecast period remain basically unchanged from last year. We see 



increasing electrification offsetting conservation and load managementff [1551. The 
forecast, which treats the conservation movement as "hidden," does not consider alterna- 
tive sources of electric generation such as CFs and SPPFs or of utility-owned solar 
generating devices. Any economic advantage of cogeneration and small power produc- 
tion is likely to be lost if the electrical industry persists in expansion without taking into 
account alternative sources of electric production. 

It is unclear whether the current excessive capacity resulted fmm simple mistakes, or 
whether they are an example of the Averch-Johnson effect; overcapitalization for the 
purpose of increasing the rate base and hence utility profits [1561. It is an open question 
whether the Averch-Johnson effect (goldplating) is a factor in a market in which utilities 
find it hard to raise capital. Former FPC Commissioner John A. Carver believes that the 
Averch-Johnson effect is illusory and that utility engineers make their decisions always 
with a view towards maximizing efficiency and minimizing costs [15fl. While utility 
engineers may be driven by an urge towards efficiency, however, they seem also to be 
driven by an urge towards expansion. The electric industry is not complacent about slow 
growth rates. The 29th Annual Electrical Industry Forecast opens: "Peak demand grew 
only 1.4% and electric energy use only 2.6% in 1978, well below the most pessimistic 
forecasts of last yearw [I581 (emphasis added-a conservationist might regard slowed 
growth with optimism). 

The general problem of overcapitalization has been more recently recognized in the 
literature: 

If electric rate increases are to be confined within reasonable limits, some 
method must be found to control the magnitude of utility investment in the 
years ahead . . . . 
[One such method would bd to subject such programs to governmental 
scrutiny to ascertain whether such programs are based on realistic rather 
than inflated projection of growth in system peak demands. [I591 

While the direct consequence of uncontrolled utility investment is excessive retail rate 
increases to all consumers, there is also an indirect effect that could be adverse to CFs 
and SPPFs. To the extent that utilities have excess capacity, they will not value the 
effective load carrying capability of CFs and SPPFs. The price paid by utilities for inde 
pendently generated electricity is less likely to contain a credit for capacity replacement 
than would be the case in a utility without exces reserve capacity. 

A related area in which some control over utility investment decisions would be condu- 
cive to the commercialization of several solar technologies is the area of generation 
mix. At high levels of penetration of WECS or PV systems, the most useful capacity 
additions by utilities could be central station storage capacity. Such construction would 
compensate far intermittent production of electricity from solar sources at a much lower 
cost than separate storage dedicated to each generating unit [1601. Also, such storage 
would facilitate load management, thus further reducing the capital cost of utilities. 

Establishment of a utility's revenue requirement has been traditionally a mere matter of 
bookkeeping-based on a simple farmula [I6 U. Given the goals of PURPA [I621 ,* and the 
PURPA mandates to reconsider reliability standards [163], practice load control 1164, 

*To conserve energy, to uae facilities efficiently, and to set equitable rates. 
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and encourage cogeneration and small power production 11651, the question is not "how 
large an investment has the utility made?" The central issue is "how prudent are the 
investment de~isions?~t-particularly how much to expand, and which expansion form and 
generation mix best promotes the goals and mandates of PURPA. 

4.1.2 Fair AIlocation of Cost of Service 

"One standard of reasonable rates can fairly be said to outrank all others in the impor- 
tance attached to it by experts and by public opinion alike-the standard of cost of 
service," writes Bonbright [166]. This goal, the second of the Bonbright triad of major 
goals of a rate structure, is given a special place also in PURPA. "Cost of Servicet1 is the 
first of the rate standards established by S 11 l(d). Section 132 authorizes the Secretary 
of Energy to notify state regulatory authorities of "methods for determining cost of 
service,ll along with innovations in electric utility ratemaking and load management 
techniques. Section 133 requires FERC to gather information regarding Itthe costs of 
serving each electric consumer class?' Moreover, the criterion of a fair allocation of 
costs of service is emphasized in the requirement of § 210(b) and 5 210(c) that rates not 
discriminate against CFs and SPPFs, coupled with the assertion of the conference 
committee that § 210 is not intended to require utility ratepayers to subsidize CFs and 
SPPFs [1671. The question remains: how does one allocate the cost of electric service 
fairly? 

Costs of serving an electric customer are traditionally classified into three compe 
nents: a customer cost, an energy cost, and a demand cost component 11681. The cus- 
tomer cost is related to metering, billing, entrance service, and transformers associated 
with the individual customer. The energy cost is related to the fuel and operating cost 
and a portion of the distribution cost. The demand cost reflects the customer's propar- 
tionate contribution to the system load peak, which in turn determines the necessary 
power generating capacity of the system. Thus, the demand charge relates to the capital 
equipment required to provide the service. PURPA S 133 specifies that in the informa- 
tion gatherirg by FERC, the costs are to be separated into these three components, to 
the extent practicable. 

4.1.2.1 Customer Charges 

Every electric consumer imposes a customer cost on the utility, which is independent of 
the amount of energy or the maximum amount of power furnished. Within a customer 
class there is usually no difference in the customer charge, though diverse customers 
may impose different costs because of variable distance from existing electric lines. 
Customer charges are fmquently hidden in a high monthly minimum charge or in a high 
charge for the first one or two small blocks of energy [169]. Alternatively, the customer 
charge may be explicit 11701. 

If PURPA standards S 11 1 (d)( lkcost of service and S 11 1 (d)(2kdeclining block rates are 
implemented, one can expect explicit customer charges even on residential electric 
bills. Section 115(a) sets rules for the determination of cost of service. It requires the 
"identification of differences in cost-incurrence a ttributable to differences in customer, 
demand, and energy components of cost" (emphasis added). Moreover, the standard 
regarding declining block rates is that !'the energy component of a rate . . . may not 
decrease as kilowatt-hour consumption . . . i n c ~ a s e s ~ ~  (emphasis added). Because 
utilities have often used declinillg block rates to hide customer costs, proper customer 



cost identification together with an end to declining block rates will lead to explicit 
customer charges. 

It would not be equitable for CFs or SPPFs to escape a customer charge corresponding to 
a fairly attributable customer cost. However, the charge must accurately reflect the 
customer cost lest the charge be a form of discrimination against CFs or SPPFs, which is 
proscribed by § 210(c). 

4.1.2.2 Deulining Blodc Rates 

Declining block rates are the most prevalent form of residential rate. They serve two 
distinct purposes. In the first place, they are able to hide both customer and demand 
costs in an apparently simple rate schedule [17U. The schedule appears to charge only 
what the consumers think they are buying (energy) and relies on the familiar concept of 
the quantity discount. In the second place, the declining block rate is a promotional rate 
designed to encourage increased use of electricity. In times of cheap oil and gas, such 
promotional rates could be justified on the basis that electrical industry expansion (e.g., 
between 1950 and 1965) brought with it improved efficiency and improved load factors 
with resulting savings for all customers. Promotional rates have tended to favor the 
largest users but have been found reasonable where they have produced benefits to all 
customers [17a. However, in times of high energy costs and vanishing resources, 
promotional rates are not acceptable. PURPA standard § 11 l(dX2) forbids declining 
block rates for the energy component of electric service. 

Declinirg block rates may lead to severe discrimination against consumers who conserve, 
use solar heating, or generate a part of their own electric energy. For example, an 80% 
solarheated home may have' only a 30% saving on the utility bill [1731. The reason for 
this anomaly is that the demand charge, as well as the customer charge, is in effect built 
into the first few blocks of consumption. Consumers who supply a part of their own 
needs either through independent generation of electricity in CFs or SPPFs or through 
conservation never reach the inexpensive blocks of energy consumption. 

Alternative ways to allocate the energy cost imposed by each customer class are flat or 
inverted block energy rates. In such rates, the energy component is priced uniformly or 
at. immasing levels for s~lccewive blocks of energy consumption C174. The inverted 
block rate eqecially is designed to promote conservation, in direct contrast to the 
declining block rate. 

A possible objection to flat and inverted block rates is that diminished energy consump 
tion by a consumer leaves the fixed costs to the utility to be distributed over a smaller 
amount of energy sales. In that sense, energy conservation by any one consumer imposes 
a larger cost on all other consumers. There are both technical and public policy argu- 
ments against this objection to flat and inverted rates. The technical fact is that even 
with conservation or conversion by some consumers to cogeneration or small power 
production, the total energy and power demands in the nation are likely to increase. 
Thus, the consumer with diminished demand is not contributing to idle capacity but 
rather to slowed growth. Because of increasing capital expenditures for a given amount 
of generation capacity, the consumer who contributes to slowed growth actually contri- 
butes to holding electric rates to a slower growth. The public policy argument for 
inverted mtas is that conservation of fossil fuel is a national goal of the greatest impor- 
tance. Even if inverted rates turn out to be a departure from a strict cost of service 
allocation of charges, they are justified by the overriding need to conserve resources. 



4.1-2.3 DemaWEnergy Rates  

Section 11 5(a)(2) of PURPA calls for cost-ofservice determination to  determine "differ- 
ences in cost-incurrence attributable to  differences in customer, demand, and energy 
components of t h e  cost" (emphasis added). This suggests that  demand/energy rates might 
b e  appropriate. Such rates make a separate charge for power demand (in kilowatts) and 
energy consumed (in kilowatt-hours). The demand charge may be  based on the  peak- 
coincident demand. Ordinarily, it is the  noncoincident demand for which the charge is 
made. The distinction between coincident and noncoincident demand must be  under- 
stood, for there is a vast difference in the effect  of the  two methods of charging, espe- 
cially for consumers who obtain some of their energy from the  sun or who operate CFs or 
SPPFs. 

Each consumer's propartionate share of the  capital costs of a utility is that  consumer's 
"peak respon~ibility'~; the  ratio of tha t  consumer's demand to  the total system demand a t  
the  t ime of the annual system peak. For example, i t  is peak responsibility (i.e., peak- 
~ g i p ~ i d e n t  demand) tha t  is the  basis for the demand charge paid by Albany Water, Gas, 
and Light far wholesale purchases from the  Georgia Power Company [175]. 

Noncoincident peak demand is more easily measured 11761. The kilowatt demand is 
determined by dividing the month's highest 15-min kwh consumption by one-fourth hour. 
I t  is immaterial whether this maximum consumption rate occurs on-peak or off-peak. 
However, 'Tblasing demand charges on individual maximum demands rather than on 
demands at the time of the  system peak is a serious theoretical flaw in current two-part 
tariffs" 11 771. 

The difference of the  ef fec t  of charging for coincident peak demand or  noncoincident 
demand is illustrated most clearly by a hypothetical example. Suppose a steady 50-kW 
consumer has a WECS that  generates 50 kW one-half of the  time, on the  average, and 0 
kW the  other half of the  time. Assume that  the  times the WECS power is available a r e  
random. This hypothetical consumer has a 50-kW peak-coincident demand, on the  
average, one-half of all  billing periods (since the  billing peak is equally likely to fall in a 
WECS-on or in a WECS-off period); in the  other billing periods the demand is zero. Yet 
the  same consumer would be  sure to have a 50-kW noncoincident demand every billing 
period. The demand charge on a peak-responsibility basis averages out to  just one-half 
the  noncoincident demand charge for the hypothetical consumer whose WECS supplies 
power half the time. 

Demand/energy rates, as conventionally measured, would be  inappropriately applied to 
CFs  and SPPFs because they would violate § 2 10 of PURPA in two ways. First, noncoiw 
cident demand charges would make backup service so costly that the r a t e  structure 
would fail to "encourage cogeneration and small power p r o d ~ c t i o n . ~ ~  Second, noncoinci- 
dent demand charges would be dlsarimlnatlng against CFs and SPBFs as compared with 
users of the  same class and consumption patterns who do not provide any of their own 
electricity. 

4.1.2.4 Timesf-Day and Seasonal Rates 

The costs asocia ted  with consumer demand depend critically upon the  t ime of day and 
season of the year. The reason is that  power demand at times other than the  time of the 
system peak load does not govern the necessary generating capacity of the  system, 
whereas demand that  coincides with the  system peak is precisely what determines the  
amount of capital investment that is necessary. To a smaller extent there are similar 
time variations in the energy cost component because energy generated by base load 
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units is less expensive than energy generated by peaking units. Furthermore, base load 
energy is cheaply available from other utilities that desire to increase their off-peak 
generation as a measure of load management (to raise the valleys relative to the peaks) 
while peak load energy is very expensive. PURPA 9 lll(d)(3) establishes timeof-day 
rates as a standard of ratemaking. In gathering information under $ 133, FERC is 
required to measure the cost of serving each customer clas "including costs of serving 
different consumption patterns within such class, based on voltage level, time of use, and 
other appropriate factors" (emphasis added). Similarly, S 11 l(d)(4) establishes the 
standard of seasonal rates. 

Timeof-use differentiation may be applied to either demandlenergy or to flat energy 
rates. If demandlenergy rates are used on a time-of-day or a seasonal basis, the off-peak 
demand charge should be small or zero 11781. A sharply differentiated timeof-day 
demandlenergy rate more closely approximates a fair allocation of the costs of service 
when the demand to be billed is the on-peak demand than when it is the maximum 
monthly demand regardless of time of use. 

Nevertheless, the objections that were raised in Section 4.1.2.3 still apply. A SPPF or 
CF ordinarily will have a significant on-peak power demand at some time during each 
billing period, thollgh it has a good chance of not contributing to the annual system 
peak. A closer approximation to the annual peak responsibility would result from a flat 
(or inverted) energy rate that is sharply timedifferentiated, and includes the demand 
costs as a part of the energy rate. Such a rate is justified because when energy is 
measured over a relatively short period of time (such as peak time only), the power 
demand is nearly proportional to the energy consumed. Thus, the energy charge properly 
reflects the capital as well as operating costs imposed by the consumer. Conservation, 
solar energy use, cogeneration, and small power production are all encouraged by a time- 
of-day energy rate that incorporates demand costs into the energy charge 11791. 

4.1-2.5 Intemuptible Rates 

The availability of interruptible rates to commercial and industrial customers is one of 
the standards established by PURPA 5 11 l(dX5). Interruptible rates are primarily a form 
of load control. Significant savings in utility capital expenditures are possible by limiting 
consumer demand at the times of maximum peak loads. These savings are properly 
reflected in drastically reduced demand charges to consumers who accept interruptible 
service. While interruptible customers are subject to interrupted service at any time, 
they are not likely to lose service fcr very long. 

Cogenerators and small power producers expecially may want to avail themselves of 
interruptible rates. An intermittent producer of electricity is even less likely to lose 
service as a result of accepting interruptible rates than a consumer who produces no 
electricity. Interruption of a nonproducing consumer can occur whenever the utility's 
capacity is strained; interruption of a CF or SPPF will occur only if the utility's capacity 
is strained at a time when the CF or SPPF is not producing. The resort to interruptible 
rates may become necessary in states that require demandlenergy rate schedules, or if 
the final FERC regulations pursuant to 8 210 require dernandlenergy rates. 

4.1-3 Ecoaomic Efficiemg and Marginal Rates 

The third of the major Bonbright goals for a rate structure is that the structure should 
promote an "efficient alloca'tion" of resources. A pricing structure is "efficienttf if a 
consumer chooses among all alternative expenditures on the basis of the actual social 
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cost of all  goods and services. Such cost-based choices are  held to maximize satisfaction 
because the  choices are not distorted by artificial subsidies or surcharges [180]. 

Economically "efficient1' allocation of goods and services would result if all goods and 
services were priced at "marginal cost." The marginal cost of an item (such as 10 kW of 
power, or  200 kwh of electric energy) is the cost to  society of making available one 
additional item or unit. 

Marginal cost can b e  computed on a short-run or long-run basis. Short-run marginal cost 
is the  cost of providing for an additional increment of consumption from a fixed amount 
and type of capacity [18 U . Long-run marginal cost is the total  cost of meeting a sus- 
tained increment of demand at a particular time period each year, assuming optimal 
adjustments of a utility's generation capacity and mix [181. Applied to electric rates, 
marginal cost pricing is generally accepted to  translate to LRIC. LRIC pricing was first 
adopted by a state regulatory authority in r e  Madison Gas and Electric, i n  a decision that  
also serves a s  a primer on this method of determining the cost of electric service [183]. 

Marginal cost pricing is an analysis distinct from the traditional accounting cost 
method. Accounting costs are based on operating expenses plus the historic or embedded 
costs; the  costs of the  capital investment already in place. Marginal costs differ in tha t  
they look to future expansion or replacement. Accounting costs have not been exten- 
sively used for determining timedifferentiated costs. The adoption of marginal or LRIC 
is associated with time-differentiated cost analysis. Although PURPA is silent on the  
question of accounting vs. marginal costs, i t  emphasizes the  need to determine how costs 
differ by time of day and season of the year. Accordingly, FERC1s regulations pursuant 
to S 133 require utilities to supply raw data as well as computations under both account- 
ing cost and marginal cost methods [184. Either type of cost analysis may be used 
consistently with the Bonbright criterion that  ra tes  to each customer class reflect the 
cost of service. 

4.2 LONGRANGE INCREMENTAL COSTS 

LRIC analysis can be  illustrated with a simple example. Suppose X opens a plant tha t  
will have a 1-MW demand coincident with the utility system peak and will consume 
5000 MWh of energy per year. And suppose further tha t  the utility would have planned, 
but for  X's factory, to install ol' replace an amount of generating capacity C in the  
course of the ensuing 10 years, and that annual energy output would have been E. Then 
the  long-run incremental demand cost is the difference in cost to  the utility between 
expanding its capacity by C and expanding it  by C plus 1 MW; the  long-run incremental 
energy cost is the  difference, in the planned utility system over the next 10 years, 
between generating an amount of energy E and generating the amount E plus 5000 MWh 
annually. It is assumed for LRIC calculation that  the added generating capacity is 
designed to optimize the  base load/intermediate/peaking generation mix [18R. 

A LRIC analysis still leaves room for some critical judgment calls. The calculation is 
especially sensitive t o  judgment a s  to what constitutes an optimal generating mix. To 
the  extent that LRIC is t h e  basis of ratemaking, it is important to solar commercializa- 
tion and hence t o  resource conservation, that  the mix used by utilities be  compatible 
with the use of solar contributions to  the electric energy output of the utility a s  a 
whole. If, for example, a 10-20% penetration of wind energy is foreseeable in a given 
utility, capacity expansion should be in peaking capacity, including hydroelectric and 
storage, rather than in base load capacity, such a s  nuclear [186]. 



The adoption of LRIC pricing of electricity is likely to encourage cogeneration and small 
power production. PURPA requires that the maximum price FERC can require utilities 
to pay is the incremental cost of alternative electric energy.* If this incremental cost is 
calculated on a LRIC basis, it is likely to be greater than it would be on an accounting 
basis since the cost savings of new plant capacity are more than the cost allocations to . 

past plant construction. Moreover, the conference report supports the concept that the 
incremental cost is not merely the cheapest energy cost, but the cost avoided. The 
repost gives as an example: 

/ 

an electric utility which owns a source of hydroelectric power and which is 
offered the sale of electric energy from a cogenerator or small power 
producer might, if measured over the short term, have a low incremental 
cost of alternative power because of its access to hydropower; however, it 
may be the case that by purchasing from the cogenerator or small power 
producer and saving hydropower for later use, the utility can avoid the use 
of expensive electric energy generated by fossil-fired units during later 
months of its seasonal generation cycle. 11873 

4.2.1 An Example of LIUC Ratemakiw Madha Gas and Electric 

In 1974, the Wisconsin Public Service Commission approved a rate structure for Madison 
Gas and Electric that was based on a LRIC analysis. The resulting rate structure signifi- 
cantly reapportioned costs between industrial and residential consumers, and it almost 
completely flattened the previously declini% block rates. There are two deviations from 
a flat energy rate. Rather than impose the entire residential customer charge in a single 
break with the past, the Commission allowed a small customer charge and established a 
slightly inflated first energy block to collect the balance of a customer charge. At the 
other end of the energy blocks, in winter only (Madison is a summer peaking utility) there 
was a reduced charge per kwh above 1500 kwh per month, a reduction for winter space 
heating. From the strict economic viewpoint of marginal cost pricing, the seasonal price 
advantage far electric home heating was correct since this extra use did not occur during 
the peak season and would not increase capacity requirements. 

A concurring opinion by Commissioner Cudahy points to two possible shortcomings in the 
Madison decision 11881. First, he notes that an inverted block rate (charging increasing 
amounts per kwh for succesive blocks of energy use and thus discouraging electric use, 
though not justified on LRIC grounds that count only internal costs) would have been 
justified by incorporating externalized social costs (such as the cost of pollution) in the 
revenue base. Second, he notes that the winter home heating rate, justified by the higher 
(hence more favorable) load factor imposed by winter heating than that imposed by 
summer air conditioning, might serve to promote electric space heating. Increased 
electric space heating could give rise to two problems: (1) electric heating is intrin- 
sically wasteful [l89], and (2) if electric heating increased enough, in response to the 
lower rate, the annual peak might be shifted to winter; in that case the winter heating 
would cause the need for more capacity. 

The significance of Madison is, first, that it was the first ratemaking decision that 
embraced LRIC meth-01. Further, Madison illustrates some of the limitations of 
marginal cost pricing as applied to electric utilities. ,The very dictates of marginal cost 

*The definition of "incremental cost of alternative electric energyw is quoted in Section 
4.0, in the text aoaompanying Ref. 143, 
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analysis lead to the possible encouragement of a practice that is wasteful of limited 
resources-electric home heating. Further, LRIC analysis does not have room (as Cudahy 
notes with regret) for taking the external costs into account, whereas the economic 
theory of marginal cost pricing is based on the expectation that external (social) costs 
are counted [191]. 

One potential difficulty of LRIC analysis did not occur in Madison. If costs are based on 
the cost of incremental expansion of the utility's capacity and not on the actual histol- 
ical investment, LRIC is likely to give higher revenues if the cost of new construction (in 
constant dollars) is more than the cost of past construction; LRIC would yield lower 
revenues than accounting cost pricing if new construction could serve to replace ineffi- 
cient equipment with more efficient equipment. Thus, in general, there is no assurance 
that LKlC rates would match the revenue requirement. It happens that in Madison the 
rates matched the requirement. 

4.2.2 Cantmdictions and a PodEsible Resolution 

The Bonbright ratemaking goals cannot be equally served by any one rate structure. If 
one criterion (e.g., economic efficiency), is to dominate then it is easy to agree that a 
particular approach (such as LRIC) should be the basis for the rate structure. But, 

if several objectives are deemed desirable, it becomes increasingly difficult 
to prove that any one of the ratemaking alternatives can best serve these 
multiple objectives, Thus arguments for any ratemaking alternative to 
attain the eight Bonbright criteria or similar, lengthy lists of objectives 
must be based on subjective appeals or judgments. [19 

A severe contradiction may arise between pursuing the economic efficiency goal and the 
revenue requirements goal. According to a California PUC Staff Report on Electric 
Utility Rate structures, a LRIC analysis f a ,  Southern California Edison Company would 
have yielded revenues of $3.3 billion; the revenue requirement was $1.8 billion [1931. In 
such a case, how is one to reconcile the quest fa- economic efficiency with that of a fair 
return for the utility.? 

Huntington suggests an answer that reconciles economic principles of efficient allocation 
with reachirg the correct revenue requirement. If the marginal rate would collect too 
much revenue, rebates should be given on the rates. To maintain the economic effi- 
ciency advantages of marginal cost pricing, the rebate to the different consumer classes 
should be in inverse ratio to their respective demand elasticities [194]. Such a rebate 
runs somewhat afoul of the nondiscrimination goal; but as Huntington points out, it is a 
downward adjustment-all classes get the advantage of a rebate [195l. The actual effect 
would be that industrial customers would get the smallest rebate, since their demand 
elasticity is largest, and residential customers the largest rebate; the rebates, of course, 
are from sharply increased rates. Huntington suggests that the rebate should be applied 

' first toward customer charges and also to finance lifeline rates 11961. A proper way' to 
take into account the external costs (that will have been omitted from the LRIC compu- 
tation) might be to devote a part of the rebate to subsidizing solar electric production. 

At first blush, Huntington's suggestion seems a radical redistribution In fact, however, 
the traditional allocations of cost are no more fair and no more accurate a reflection of 
costs imposed by various classes of consumers. The compromise among the various 
criteria fcr ratemaking is necessarily a difficult one. The significance of Huntington's 
work is that it calls attention to the timeliness of the trend towards marginal cost 



methods in utility ratemaking. Just a s  promotional rates could be justified in a time 
when expansion of electric production lowered costs for all consumers [19fl, LRIC rates 
that discourage expansion and energy use are justified a t  the present time. The infla- 
tionary burden that results from oil imports and high energy costs could be lightened for 
all consumers by a reduction of energy use and by a reduction of capital expenditures for 
more generating capacity. All  consumers would benefit; thus, even discriminatorily 
favorable rates for solar producers of electricity could be justified. 

Huntington's reconciliation of LRIC pricing with the Bonbright criteria gains special 
force where solar production of electricity is involved. Long range incremental costs do 
not include external (i.e., social and environmental) costs. To this extent LRIC is a poor 
implementation of the doctrine of marginal cost pricing. But the availability of a surplus 
of LRIC revenue over the utility's revenue requirement makes possible a rebate that  
reflects social costs. Nuclear and fossil-fueled electric plants impose significant costs in 
t e r m  of health care (necesritated by environmental pollution) and waste disposal. 
Electricity is artificially inexpensive because the social costs are not internalized; they 
do not appear in the utility's books but are paid for by the public and by individuals, in  no 
relation to their individual consumption of electricity. The artificially low price of 
nuclear and fossil-fuel-produced electricity puts the small power producer into an 
artificially poor competition position A "clean electricity" subsidy to facilities that 
produce no harmful waste products (such as  producers using wind, hydropower, direct 
sunlight) is consistent with the economic theories underlying marginal cost pricing. 





 RAT^ REGULATION OF INTERCONNECTED 

This section offers recommendations for FERC regulation of rates for energy sales be- 
tween qualifying cogenerators or small power producers and utilities with which they are 
interconnected. The regulations must reconcile the specific requirements of 9 210(b-d) 
with the general mandate of 9 210(a) that the FERC regulations must llencourage cogen- 
eration and small power prod~ction.~~. 

The recommendations are made in the light of the ratemaking principles discussed in 
Section 4.0 and of the technical ways in which CFs and SPPFs affect the utilities with 
which they are interconnected. Some generating facilities, for example, may be able to 
supply excess energy to the utility steadily, requiring backup energy only during an 
occasional forced outage. Other facilities may generate electricity intermittently and 
will supply excess or demand backup on a fluctuating basis. In addition, the energy 
supplied to or required fmm the utility may be on-peak or off-peak. It may be possible 
for. the independent facility to tailor its production to give optimum value to the utility. 
Conversely, i t  may be more cost-effective for the utility to accommodate itself to  the 
energy demand and supply of independent facilities. Different pa t t e rn  of energy supply 
and demand have different impacts on capacity requirements, reliability, spinning 
reserve, and fuel consumption. Moreover, any given CF or SPPF would affect different 
utilities differently. Details of the rates may be quite variable, but it is possible to  se t  
forth some general principles. 

Section 5.1 describes, in the form of a case study, the way a rate structure can place 
obstacles in the way of cogeneration and small power production. This section presents 
the questions that are to be addressed in implementing a suitable rate structure. 

Section 5.2 discusses the capacity cost imposed on utilities by the backup requirements 
of CFs and SPPFs. These costs are considered in the light of the characteristics of (1) 
steady production facilities such as CFs, biomass or wastefueled SPPFs, low head hydro, 
and solar thermal/fossil fuel hybrid facilities, and (2) intermittent production facilities 
such as WECS and PVs. Following these technical discussions of capacity credits, Section 
5.2.3 considers 111e effect on qualifying facilities of different possible backup power rate 
structures. 

Section 5.3 discusses rate structures for the purchase of surplus energy from CFs or 
SPPFs by utilities. The problem of sen-back rates is a proper interpretation of "incre- 
mental cost to the utility of alternative electric energy." Short-range and long-range 
marginal cost pricing are explored, firm and non-firm energy sales are discussed, and the 
question of perlalty clauses ill firm powcr contraots is considered. 

Section 5.4 treats the special problems of SPPFs that supply the residential or small 
agricultural market-small power producing consumers whose purchases would normally 
be on the residential schedule. An argument is presented that such generation can - 
properly be encouraged by a net energy purchase (running the meter backwards) up to 
modest penetration levels of the utility by the SPPF technology. 

Seetion 5.5 notes that rates which distinguish too sharply between firm and non-firm 
power may lead to uneconomic use of storage. The section suggests changes in Y'UIIRPA 
that would give added encouragement to small power production. 



5.1 RATE DISINCEN- TO COGENERATION AND SMALL POWER PRODUCTKbN 

The case study presented in Section 5.1.1 is an example of ways in which traditional rate 
structures have been used to reduce incentives to cogeneration.* The California Energy 
Com m ission observes: 

Because cogenera tion may result in utilities losing profitable large baseload 
customers, utilities have discouraged cogeneration by charging high rates 
for providing standby power, and paying low prices for excess industry- 
generated power. (During the past year significant progress has been made 
by the private California utilities toward rectifying this situation.) In 
addition, utilities commonly refuse to transmit, or "wheel," excess cogen- 
erated power to m y  party who may wish to buy it from the generating 
industry. 11981 

Any effort by utilities to deliberately discourage cogeneration would violate PURPA. On 
its face, PURPA requires that rates for standby power as well as p r i ~ e s  for cmuess powor 
may not discriminate against CFs or SPPFs. However, the unfavorable rates in the 
Louisiana Pacific case study may fall short of overt lldiscrimination.w The rates reflect a 
statistically unenlightened measure of demand and capacity. Only an enlightened 
implementation of PURPA by FERC and by state regulatory authorities can assure a rate 
structure that encourages cogeneration and small power production. 

Sections 5.1.2 and 5.1.3 set forth the issues that must be addressed to arrive a t  rates 
consistent with the PURPA mandate. Section 5.1.4 notes that the PURPA section on 
wheeling does not extend far enough to cure the problem of Louisiana Pacific. 

5.1.1 A Case Histny: Louisiana Pacific Corporation 

Louisiana Pacific (L-P) is a forest products industry with a major plant in Samoa, Calif. 
and smaller plants within 40 miles [1991. k P  uses all i t !  w ~ s t e  wood and forest ~ h 3 h  
from a 100-mi radius to provide its steam needs and 35 MW of electric power. About 20 
MW is produced in the cogeneration mode and 15 MW in a conventional biomass-fueled 
steam turbine generating plant. L-Pfs electric need is about 30 MW. On occasion, GP1s 
generating output drops to 28 MW, and it then requires 2 MW from Pacific aas and 
Electric (PG&E) instead of supplying 5 MW to PG&E. Energy production figures for 1978 
are as  follows: 

Total energy generated: 232,000 MWh 
Energy used by GP: 198,000 MWh 
Energy m1.d to PG6rE: 35,000 MWh 
Energy bought from PG&E: 666 MWh 

Thus, the backup energy purchased by L-P amounted to less than 2% of the excess energy 
sold by L-P. 

The rate paid by PG&E for GP's excess was $2O/MWh, for a total of $700,000. The 
energy rate charged by PG&E was from $4&$45/MWh. At that rate, L-P would have paid 
under $30,000 for its 666 MWh of backup energy. But, standby or penalty charges, 
occasioned by the fluctuation of L-P as a 5-MW supplier or 2-MW consumer, brought 

*The same defects in the rate structure that discourage cogeneration apply a t  least 
equally to small power production. 
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PG&Efs charge to  $157,000. Averaged over purchases of 666 MWh, this represents an 
effective rate of $328/MWh, 12 times the  energy rate paid by PG&E for L-Pfs excess. 

Louisiana Pacific sought to improve its p&ition relative to  PG&E by requesting that  
PG&E wheel i ts  excess to other L-P plants. These plants purchased 36,000 MWh at a 
total cost of $1,500,000. With a wheeling contract, the  Samoa plant could have supplied 
nearly this whole amount. Transmission charges for wheeling electricity in the  North- 
west a re  about $3/MWh. L-P would have saved $1,500,000, foregone $700,000 of income, 
and spent $108,000 for transmission charges. To date, PG&E has not agreed to wheel 
power for G P ,  and the California Public Utility Commission has not required PG&E to do 
so. 

5.1.2 Standby Rates for Badnp Power 

The large cost for the  energy bought by L-P from PG&E resulted from standby charges ' 

for the occasional 2-4 MW of power required by L-P. The/PG&E standby rate, prior to  . 
March 1979, was a demand charge of $2.1 01kW per month [2001. This ra te  contains a 
component tha t  pays for transmission and distribution facilities, dedicated t o  the occa- 
sional backup need of between $0.40 and $0.75 per kW per month [20 U. The remainder of 
the rate is a generation capacity charge. A brief argument has been presented in Section 
2.2.4 to show the inappropriateness of charging this generation capacity cost to  cogener- 
ators. A more complete statistical analysis supports the preceding argument and has 
concluded that  'Tb] ecause cogeneration is more reliable than i ts  utility-owned central 
station alternative, the cost of generation capacity should not be included in standby 
chargesff [20'2J. This study also points out that  a 750-MW central station plant would 
require a forced outage rate of 7% to provide the same ELCC a s  an aggregate of 750 MW 
of dispersed cogeneration with an average forced outage ra te  of 16%. The study further 
concludes that a proportion of spinning reserve costs and transmission and distribution 
costs is. properly charged to the  CF, since lfsome distribution capacity may actually sit 
idle to  back up a cogeneratorff [203]. Section 5.2.1 considers technical details concerning 
appropriate capacity credit for various energy conserving technologies that produce 
steady power. 

Intermittent power producers have a harder task in justifying low standby rates. There is 
a view that  wind power has value as energy only and no capacity value, that  the installa- 
tion of a WECS does not alleviate the  need for other capacity additions [204]. If tha t  is 
so, a WECS saves only the cost of the displaced fuel (which represents somewhat less 
than half the  cost of electricity; the  rest is associated with the capital costs). A further 
difficulty that is sometimes raised is that  energy sold to  the utility during off-peak times 
has lit t le or no value because base load plants are not sufficiently responsive t o  reduce 
their output to accommodate the intermittent energy available from WECS [2051. On the 
other hand, a recent study of the  projected ef fec t  of WECS on the  New England Gas and 
Electric Association states that  

[tlhe addition of WECS to  a utility's equipment mix causes an increase in 
the utilityfs reliability. This is caused by the fac t  that even though WECS 
power is of a stochastic (i.e., random, probabilistic) nature, there is a finite 
probability that a specific WECS power level will be  available a t  any given 
time. [206] 

In Section 5.2.2, the problems of assigning proper capacity credit and of the  effect  of 
high levels of WECS market penetration are explored, and the  behavior and appropriate 
capacity credit of photovoltaic systems is considered. 



Rate  structures for standby rates are analyzed in Section 5.2.3. To the extent that  rate 
structures favor steady over intermittent production of electricity from solar sources, 
SPPFs may be stimulated to at tempt t o  smooth their energy outputs. Two methods a r e  
available to intermittent producers to achieve a smooth output-energy storage and 
hybrid operation with hydroelectric power. The costs and benefits of storage and hybrid 
opera tion for SPPFs are considered in Section 5.2.4. 

5.1.3 Sell-Badc Rates for  Excess Power 

The sell-back ra te  paid by PG&E to L-P for i ts  surplus electric energy was lets than one- 
half the  retail price PG&E charged its industrial customers. The rate for such sales is of 
crucial importance to those CFs and SPPFs that  have a significant net  energy production, 
and to producers who generate exclusively for wholesale to utilities.* Without a n  
adequate sellback rate there is no incentive for surplus independent electric energy 
production. 

The issues that must b e  addrkssed in order t o  arrive at a fair sellback rate are: 

Do sales from steady suppliers with occasional outages qualify as "firmf1 energy 
sales?** 
If they do, what should be the  criteria for penalties for failures to deliver the  
contracted power? 

If they do not, how should the  capacity value of the  QFs b e  compensated? 

How should rates for non-firm energy be calculated? 

To the extent tha t  non-firm power has energy value only, how should the avoided 
energy cost be calculated? 

5.1.4 Wheeling by Qualifying Facilities 

The economic disincentive to G P  to generate surplus electric energy would be  resolved 
if PG&E were to agree to wheel the excess to  other L-P plants. A good test of PURPA is 
to  inquire whether G P  could obtain a wheeling order from FERC, under the  provisions of 
PURPA (which was enacted after  the date of the L-P case study). The answer is appar- 
ently not, since § 203 authorizes FERC only to order a utility to wheel the  power of 
another utility. A cure for this deficiency of PURPA has been recommended in Section 
2.3.1.2. 

5.8 UTILlTY SALES TO QUALIFYING FACILFIPES 
1 

5.8.1 Sales to St- *ers with Occasional Badrup Needs 

Little or no demand charge is justified for backup power furnished to steady producers 
with only occasional backup demands, because their interconnection requires little or no 
-- - 

*Such facilities a re  the subject of Section 3.5. 

**"Firm" ener sales to a utility are guaranteed to be available to meet a utility's peak fgY needs; non- irm energy is not guaranteed to b e  available to  coincide with utility peaks. 
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added generating reserve of the utility. The forced and scheduled outage rates of CFs 
and of SPPF steam plants using biomass or wastes as fuel are comparable t o  those of 
conventional power plants. Although the  entire power requirement of the C F  owner can 
be imposed on the  utility a t  the time of an outage, i t  is incorrect for a utility to lldedi- 
cateft to the backup task a generating capacity reserve equal to the  C F  capacity [2081. 

The best method for correctly finding the backup generation capacity required begins by 
determining the effective load carrying capability. The ultimate result of one such 
calculation shows that  the existing necessary reserve margin of a utility is more than 
adequate to absorb the  outages of a CF  that  sells as much energy a s  i t  buys [2091. When 
the  utility can maintain its reliability level without added reserve generating capacity to 
meet the backup load demand of an added CF, no generation capacity demand charge is 
justified. An dternat ive  computation must be  used if the  recommendation of Section 
2.2.4 and of W. B. Marcus of the California Energy Commission a re  rejected. According 
to this method, one multiplies any generation demand charge by the forced outage rate. 
This means that  for a CF with a 10% forced outage rate (i.e., a 10% probability of 
unavailability) the demand charge would be  based on 10% of the measured demand 
[2101. Both methods assume that  scheduled outages for maintenance are taken in off- 
peak seasons with notice to the  utility. 

Two other types of SPPFs can provide an even steadier supply of excess energy and 
require backup power less frequently. One is hydroelectric plants and the other a hybrid 
of solar thermal and fossil s team generation. The lat ter  can qualify for S 210 privileges 
only if proposed FERC rules are  modified in accordance with Section 3.3. The same 
types of computations would be  applicable to these technologies. The results will likely 
be that no generating capacity additions are  needed to provide backup; if this guess is 
correct then standby charges for generation capacity are not justified. 

5.8.2 Sales to Intermittent ProQcers - 
Intermittent producers, such as WECS and PV systems, undoubtedly impose on the  utility 
the need for backup generation capacity. Various computer simulation studies of WECS 
and PVs s e g e s t  that  capacity credit is properly assigned to  WECS and PV systems 
12 111. The ELCC (the amount of conventional capacity addition that  a utility can forego 
as a result of installing large WECS) lies in the  range of 15-45% of the  rated capacity of 
the WECS. The ELCC for PVs is between 20% and 40% of rated capacity. By way of 
comparison, the ELCC for large conventional generating units is about 7&85% of rated 
capacity and for nuclear plants about 45 % [2 18. 

5.2.2.1 WECS Capacity C d t ,  Penetmtion, and Dispersal 

A study of the  New England Gas and Electric Association shows that the capacity credit 
for WECS may be as  high a s  53% [2 131. That is, a WECS of rated capacity C displaces 
other generating capacity in the amount C = 0.53 x C. There is a slight increase in the 
operating reserve (or spinning reserve) that must be  charged against the  WECS usage 
[214l. Similarly, slightly less dramatic results were obtained by a General Electric 
simulation study of large WECS in four utilities in diverse wind regimes. Effective load 
carrying capabilities were 46%, 37%, 6%, and 19% of rated capacities (a t  5% penetra- 
tion) [2 151. The 6% figure arose from a particularly poor wind year; a typical value for 
the location (the Oregon coast) would b e  20% [2161. Close studies of wind regimes a re  
essential before building wind plants, since capacity displacement is highly sensitive to 



the coincidence of good wind with system peak loads. After a WECS is built the individ- 
ual ELCC computation should be periodically updated in the light of actual wind 
performance. 

The studies of WECS capacity credits have all assumed large units (or aggregations of 
units) and ownership and operation by utilities. They therefore leave open the ques- 
tions: (1) Is it appropriate to apply reliability analysis to externally owned and operated 
WECS? (2) How reliable are small wind energy conversion systems (SWECS)? (3) How 
should a capacity clledit be reflected in the rate structure? 

The first of these three questions has been emphatically answered in the affirmative in 
Section 2.2.4. Two studies are currently underway which may help to answer the second 
of the three questions. One of these is a General Electric study for the Electric Power 
Research Institute, extendillg the work reported previously to small dispersed systems. 
Another study by Rockwell International will place at least two interconnected SWECS 
(in the 1-kW to 40-kW range) in each of the 50 states and will record, for each unit, the 
wind speed, energy generated, energy used, and energy sold to the utility every 15 
minutes for one year. The hst of the three questions is addressed in Section 5.2.3 with 
respect to backup rates and in Section 5.3 with respect to sell-back rates. 

After the market penetration has reached about 5%, the capacity credit for additional 
WECS generating units begins to deteriorate. That ir, once more than about 5% of a 
utility's generating capacity is supplied by WECS, successive WECS units contribute 
smaller amounts of effective load carrying capability. The reason is that the outages of 
WECS in any one location are correlated. The decrease in ELCC is not significant in 
most cases until penetrations exceed 15% f21fl. 

Wide geographical dispersal of WECS in a system improves their reliability or their ELCC 
[2181, according to a study based on actual wind regimes in 19 locations in California, 
Oregon, and Washington. The correlations of wind speeds at sites remote from each 
other are quite low; i.e, the wind is likely to be adequate at one site when it is insuffi- 
cient at another. The ELCC (and hence the capacity credit) turns out to be 26% at 11% 
penetration in the PG&E service area of northern California. The benefits attributable 
to dispersal saturate and do not continue to increase with further dispersal over areas 
greater than northern California. 

1 

5.2.8.2 Photovoltaic System 

Photovoltaic systems pmduce electricity intermittently. PV electric output is so mewhat 
less random and unpredictable than that of WECS, but is limited on an annual average to 
no more than half time (daytime only), whereas WECS may produce power more than 70% 
of'the time in some wind regimes. Flat-plate collectors have a capacity factor, the ratio 
between the energy output to the output at rated capacity all the time, of approximately 
20% 12191. The reason for the relatively low capacity factor is in part the lack of output 
at night and in part the fact that the plate faces directly into the sun for only a small 
portion of the day. 

Any projections of the economic viability of PVs are more certain than projections 
respecting WECS. PVs are a new technology, still in a phase of rapid technological 
developments. Costs have dropped from $300/W in 1973 (Skylab program) to $22/W in 
1977 and $7/Wp in 1979 for collectors [22a, a& a further reduction to $0.15-0.40hp 
collators and system costs of $1.30/W or l e r  are expected [22U. (Wp are peak Watts; 
i.e, the rated output.) The actual cos?will determine the pace of commemialization of 



TR- 48 4 
SIQI4lt 

PVs and the amount of nonrenewable fuel displaced. The assessment of existing studies 
perfarmed in the Domestic Policy Review of Solar Energy indicates that PVs could 
displace anywhere from 0.1-1.0 quad of nonrenewable fud-annually by the year 2000 
[222l. 

Effective capability, the measure of the capacity credit for the PV installation, is around 
40% in Arizona and New England (despite capacity factors as small as 20%) and about 
20% in Florida l2231. The reason for this discrepancy is quite revealing. The insolation 
peak (insolation is the available power from the sun per unit area) very nearly coincides 
with the system load peak in the Arizona and New England utility studies, while the 
Florida load peak occurs several hours after the insolation peak. For this reason, the 
power generated by PVs in Arizona or New England comes during the time in which the 
capacity margin is smallest, while the power from Florida PVs comes at a partial-peak 
time when it contributes less to system reliability [224l. PV systems make an especially 
good addition to a utility in those regions where the load curve has its peak near the 
insolation peak, because the PVs then supply the most power when power is most needed. 

PVs have one other minor advantage over WECS. PVs never produce excess energy when 
there is a valley in the load curve since they generate no power at night. WECS experi- 
ence times when utilities would wish to pay lldump ratesf' for their excess energy, or 
preferably not accept the energy at all [2251. 

As is the case for WECS, PVs have lower capacity values when their penetration in a 
utility increases much beyond 5% of system capacity [226]. However, even at small 
penetration where their effective capability is considerable, "it seems unlikely that 
utility system managers will give installed capacity credit approaching the calculated 
effective capacity . . . without much more investigation and operating experience" 
[227l. The SPPF using PVs may face the same obstacle that confronts the WECS user: 
utilities will consider the independent power production facility as only an energy or fuel 
saver and not as a contributor to the utility's reliability. 

5.2.3 P d b l e  Rate  Structures far  Utility Badnp of CFs and SPPFs 

5.1.3.1 DemWEnergy Rate fw Bamlnp 

The case against a demandlenergy rate has been stated in Section 4.1.2.3. Such a rate 
for standby service has been specifically abandoned in California [228].* It should be 
proscribed by FERC regulation pursuant to S 210 of PURPA. That is, the maximum 
monthly kilowatt demand for occasional or intermittent backup of a CF or SPPF should 
not be the basis for a generation capacity demand charge. 

S.t.3.t DernaDd/Emqy Rate Madii ied by Cepadty Cmdit 

One way to retain the concept of a demandlenergy rate without outright discrimination 
against CFs and SPPFs would be to compute a modified demand in accordance with the 
analysis of Section 5.2.1. This requires an ELCC computation or, as a second option, the 

*There is no objection to charging a demand rate for dedicated distribution and trans- 
mission costs oc for spinnie reserve. 
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multiplication of the measured demand by the forced outage rate or the unavailability 
factor. 

An alternative way to retain the concept of demandlenergy would be to determine 
demand on a seasonal peak-coincident basis. This method has a certain theoretical purity 
in that  it perhaps reflects the actual cost of service most clearly. However, to be  
significant the method would have to be applied to all consumers (otherwise it does not 
actually measure relative peak responsibility). Because of the needed hiversality of 
application and because of the prevalence of monthly maximum 15-min demand meters, 
peak-coincident demand measurements would be impractical. 

5.2.3.3 Time-Differentiated Modified DernaWEnergy Rate  

Even a modified demandlenergy rate would be a poor measure of the relative cost 
incurrence of different consumers unless daily and seasonal time-of-us& rates were 
computed for the modified demand and-for the energy. The importance of time-of-d~y , 

rates and of seasonal rates can be shown by several examples: 

Small power producers who obtain energy from direct sunlight (PV or solar 
thermal) may have their major backup needs a t  night, off-peak. Accordingly 
these producer/consumers should have the advantage of lower backup rates. 

WECS facilities in a wind regime with a good match between wind availability 
and peak load make a larger contribution than facilities with contrary wind 
regimes. It is therefore appropriate to encourage facilities preferentially. 
Time-of-day rates would have this effect, since the wen-sited WECS has its 
backup needs primarily off-peak. 

Hydroelectric power that  peaks in peak seasons should be encouraged preferen- 
tially, since it makes a more significant contribution than hydropower that peaks 
in off-peak seasons. Soamml backup rates are a justifiable way to provide the 
preferential encwrtgement. 

Unfortunately, time-differentiated modified demandlenergy rates are likely to violate 
several of the secondary Bonbright goals cited in Section 4.1. The rates lack the desired 
simplicity, clarity, and perhaps public acceptability. In addition, the rates require m e  
tering and billing that is inappropriately complex and expensive for very small facilities. 

5.2.3.4 Timeof-Use Energy Rate  

Most of the virtues of timedifferentiated modified demandlenergy rates can be approx- 
imated by time-of-use energy rates. The approximation accurately reflects the relative 
Cost incurrence of different consumers if the time blocks are finely graduated; there 
should be a t  least three--peak, partial peak, off-peak. Time-of-use energy rates incop 
pmate the  demand cost, which is zero off-peak, very low a t  partial peak, and very 
considerable on-peak, into the energy cost. The approximation is best for consumers ' 

with a typical load factor-a typical ratio of average power demand to maximum power 
demand during any one of the rating periods. Thus, incorporating the demand cost in the 
timedifferentiated energy charge approximates the cost-of-service allocation of a well- 
founded demand/energy rate. A customer charge should be itemized separately. 
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Time-of-use energy rates also approximate the  second of .the two capacity credit compu- 
tations discussed in Section 5.2.1. A producerlconsumer (with a typical load factor) who 
requires backup 40% of the  peak load time, pays 40% of the demand charge that  would be 
due on a demandlenergy rate. The approximation is very adequate for intermittent 
producers. The steady production facility, however, might be somewhat be t ter  served by 
an ELCC computation, since that  would free it from any demand costs. 

Time-of-use energy rates a re  probably the  best approximation to  cost of backup service 
that  is simple, has a good chance of acceptability, and provides the required encourage  
ment to cogeneration and small power production. They would avoid the anomaly of a 
consumer who cut.. consumgtion by 80% and electric bills by 30%. 

5.3 PURCHASHS BY UlZlTUB O F  EXCESS POWER F R O M  QUALIFYING PACIISIPES 

Every purchase of electricity by a utility changes the utility's position with respect t o  
energy and power. Each kwh of energy bought from a QF is a kwh the  utility need not 
generate or buy from another utility. Moreover, each kW of power supplied by a QF may 
save the  utility some amount of generation capacity expansion, provided the power is 
supplied with enough reliability to allow the utility to plan its expansion accordingly. 

Several quest ions occur: (1) How should the  cost be measured of a unit of energy tha t  
the utility can avoid generating? (2) How much generation capacity is avoidable as a 
result of power supplied by qualifying facilities? (3) What degree of reliability of power 
allows the utility to consider the power in its plans?' 

5.3.1 M a r g i d  Cost of Avoided Energy ProQction 

The Public Utility Regulatory Policies Act  § 210(b,d) limits the  ra tes  FERC can require 
utilities to pay QFs to the  llincremental cost of alternative electric energy." A staff 
recommendation to the  California Public Utilities Commission (CPUC) suggests that 
short-range marginal costs a re  the  proper way to determine this incremental cost [2291. 
A brilliant, detailed economic analysis, prepared by the  California Energy Commission, 
describes the application of marginal cost energy pricing to a hypothetical California 
utility with a varied generbtion mix C2301. 

Marginal energy costs are (in the  California example) nearly twice the average cost to 
the utility [23 11. The decreased production of energy by the utility that  is made possible 
by sales from QFs is most likely to b e  decreased peak or cycling generation, since base 
load generation usually operates at full capacity. Moreover, hydroelectric power used in 
a controned (load managing) but energy-limited manner is not displaced a t  all by power 
purchases by the utility. The major displacement of fuel is of the fossil fuel in the  
cycling and peaking units that are designed to follow load flue tuations. 

The marginal energy cost approach of the California Energy Commission and the CPUC 
staff is reflected also in the  statement of the  conference committee on PURPA. In the  
example propounded in the conference report, the  wholesale price of purchased hydro- 
electric power was not regarded as a measure of the  cost to  the  utility of alternative 
power. This interpretation is correct because the purchase of power from a QF would 
not in fac t  prompt a utility to reduce i ts  purchase of hydroelectric power, but  rather to 
reduce the output of a cycling unit. 



FERC regulations pursuant to fS 2 10(b) should require that the energy component of 
-. electric purchases by utilities from qualifying facilities should be calculated on a marg- 

inal cost basis. The California Energy Commission report could serve as  a primer, or a s  
the draft of a primer, regarding the method of computation of marginal energy costs. 

5.3.2 Lo-Range Marginal C o d  of Avoided Capacity Expansion 

How much plant expansion can the utility forego by purchasing power from a CF or a 
SPPF? What increment over the energy cost should the utility pay for the capacity value 
of the power? Several approaches are possible to answering these questions. The first is 
that of a staff recommendation to the CPUC. The others derive from principles already 
explored in this report. 

5.3.2.1 Firm a d  Nan-Firm Power Agmemeakts 

The CPUC proposal divides energy sales into firm and non-firm power agreements. "A 
firm power agreement is one in which the seller agrees to make sales a t  specific levels 
for specified periods, allowing the utility to alter .its resource plantt [2321. The proposal 
would allow only energy costs, calculated as marginal costs as  in Section 5.3.1, for non- 
firm sales. The capacity value of firm power would be based on a long-range marginal 
cost analysis of the  avoided capacity, considered as gas turbine capacity.* 

Qualifying facilities have been divided into "intermittent producersw and "steady produ- 
cers with occasional outages!' Clearly the first can make only mn-firm contracts. The 
second, despite occasional outages, should be able to make firm contracts for a definite 
amount of surplus and sell any additional surplus on a non-firm basis. Th.e CPUC paper 
assumes that occasional failures to perform the firm power contract will be reflected in 
damage payments by the seller to the utility: 

Recovery fok damages will basically be one of two types. First, the utility 
can recover t h e  extra cogs  of their obtaining the input elsewhere. Second, 
the contract may call for a fixed schedule of dollars per day of failure to 
meet the con traot provisions. [2331 

The long-range marginal cost yields a rate that will not hurt the ratepayers [234]. A 
utility could buy power priced above marginal cost only a t  an extra cost to ratepayers. 
On the other hand, if the  price were below marginal cost the external producer would be 
subsidizing the ratepayers and would suffer undue discrimination. In a competitive 
market, a good priced below marginal cost is in such demand that its price goes up until 
the marginal cost is reached. But the market faced by the CF or SPPF is a monopsony; 
there is but one possible buyer--the utility. The monopsonist utility must be regulated 
lest it have unrestrained bargaining power [2351. 

The rationale of the CPUC study for regulating the rates the utility must pay for firm 
power should be applied as well to regulate the penalty clauses in firm power contracts. 

*It is unclear why the CPUC chose the cost of gas turbines to measure the capacity value 
of CFs or SPPFs. . I t  would be more in keeping with the principles of marginal cost pricing 
to use the cost of a rational generation mix, Regulatory supervision over generation mix 
may be desirable (see Section 4.1.1 and Ref. 158). 



Without such regulation the utility could defeat the rate regulation, by charging prohibi- 
tive penalties for the inevitable occasional outage suffered by the CF or SPPF. It is 
recommended that no greater penalty be assessable against the QF supplier of firm 
power than the actual cost to the utility of necessary substitute power. 

5.3.2.2 Capacity Charges for NowFirm Power 

The CPUC scheme would deprive intermittent producers of any economic reward for 
their effective load carrying capability. As has been argued in Sections 2.2.4 and 5.2.2.1, 
even intermittent producers reduce the amount of generation reserve capacity a utility 
must have in order to maintain a given reliability. The amount of capacity that a utility 
would have to instan in order to improve its reliability or its ELCC by the same amount 
a s  the utility achieves by purchases from the QF is properly credited to the QF. This 
capacity credit should be offered on the same basis (i.e., long-range marginal cost) for 
suppliers of non-firm power as the CPUC study proposes for firm power suppliers. The 
capacity credit will of course be for a smaller fraction of the generation capacity of the 
intermittent producer than the capacity credit for the steady producer. 

Capacity payments to SPPFs with intermittently available power are an especially 
necessary incentive fa, the establishment of independent wind farms for wholesale 
purposes only.* 'Since it is technologically immaterial whether such wind farms are  
owned by utilities or independent corporations, the ELCC computations that would be 
appropriate in the former case are appropriate in the latter. 

The ELCC of intermittent CFs or SPPFs should be determined, relative to the utility 
with which they are interconnected. A capacity credit should be awarded on the basis of 
the reserve generation capacity that a utility can forego because of the electric power 
supplied. The rates for purchase by utilities from qualifying facilities should reflect this 
capacity credit. 

5.3.2.3 Incorporating Capacity Credit into TimeDifferemtiated Energy Rates 

If the long-range marginal cost of power and energy is determined, i t  should be possible 
to develop a sharply timedifferentiated energy rate that  incorporates capacity credit 
in to the energy charge for utility purchases, in a manner analogous to developing a time- 
of-use energy rate from a demandlenergy rate for utility sales. Such purchase rates 
might be discounted relative to utility sale rates by a factor that takes into account the 
direct expenses to the utility fa, handling the externally produced power. A study is 
recommended to explore a simple time-of-use purchase rate for energy from CFs and 
SPPFs that is based on utility energy cost avoidance and utility capital cost avoidance. 

Rates in Excess of the Utility% Marginal Cogts 

Purchase rates in excea of the utility's marginal costs can be justified as  fuel conserva- 
tion promotional rates. Electric consumption promotional rates were justified as bring;- 
ing down all rates, even though they distributed the largesse unevenly [236]. Similarly, 
conservation promotional rates can be justified if they hold the increase in fuel prices to 
a slower pace, even if some ratepayers would in effect be subsidizing CFs and. SPPFs. 

*See Section 3.5.3, text accompanying Ref. 139. 
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Rates  in e x c e s  of the utility's marginal costs can further be  justified because the 
marginal cost computation is artificially low. The marginal cost computation is low for 
two reasons. On the one hand, the marginal cost computation fails to include external, 
social costs incurred as a result of environmental pollution by fuel by-products and waste 
products.* In the  second place, the internal costs to the utility are low because of 
governmental fuel subsidies. Subsidies for conventional energy production for 1977 alone 
amounted to $19.3 billion [237l. The level of subsidy that  would allow solar energy parity 
with oil and nuclear energy production should range between $0.20 and $1 per million Btu 
displaced [2381. Additional subsidies of $0.70-$0.90 would be justified by contributions t o  
national welfare, such a s  decreased medical costs asocia ted  with pollution and avoid- 
ance of costs for environmental protection equipment 12391. But while such subsidies a r e  
quite justified, i t  is uncertain whether the  utility ratepayers are the  proper parties to 
provide Itkern. 

The language of S 2 10(b,d) limits FERC to rules requiring no more than incremental rates  
to be paid by utilities. The intent of Congres  to avoid subsidies by ratepayers to 
independent producers has been made clear in the  conference report. Thus, FERC is 
legally prevented f ~ m  reqllklrlg mles  grealer L l ~ t l ~ l  I I I U ~ ~ I I ~  rates. IIowevcr, FERC 
should s ta te  explicitly that  s t a t e  regulatory authorities may choose to  set such rates, and 
PURPA should be amended by striking the last sentence in § 210(b): ''No such rule 
prescribed under subsection (a) shall provide fat. a ra te  which exceeds the incremental 
cost to the  electric utility of alternative elec tric energy." 

I t  is not the recommendation of this report that  rates for the  purchase by utilities of 
power from qualifying facilities be set above marginal rates (except in the limited sense 
of Section 5.4). But, this report recommends that  the  prohibition against rules requiring 
such rates be ended. 

5.4 EXPERIMENTAL NET ENERGY RATES FOR RESIDENTIAL QUALIFYING 
FACIWKiB 

Net energy rates have been offered by a t  least one utility to residential consumers who 
generate a part of their own electric requirement 12401. The watthour meter is run 
backwards whenever the  consumer produces excess energy that returns to the  utility 
lines. The monthly bill reflects the electric energy received from the utility minus the  
energy returned to the  utility. There is a minimum charge for the  first block of 100 kwh 
(net) consumption per month and there is no carry-over for a negative balance; i.e. a net 
energy excess. In effect ,  the  first block represents a customer charge. At a net  con- 
sumption greater than 100 kwh, such consumer/producers obtain a sell-back rate equal t o  
the  backup rate. The net energy rate is offered as a t imelimited experimental rate to  
the first 25 customers interconnected. 

This report recommends that  FERC authorize, under S 210(b,c), an experimental ra te  
consisting of a customer charge plus the ordinary f lat  or block residential class energy 
ra te  fcr the  net energy consumed during any billing period by consumers who generate a 
portion of their own electric requirements by means of interconnected qualifying SPPFs; 
that  this rate b e  limited to facilities with a maximum generation capacity of 40 kW; tha t  
this rate  be available until the generation capacity of the  residential qualifying facilities 
comprises 1% of the utility's generation capacity dedicated to residential consumption; 
that  the net energy is the difference between the energy supplied to the consumer and 
- - - -- - - 

*See discussion in Section 4.2.2. 



the energy supplied back to the utility; t ha t  the consumer is not entitled to  credits during 
billing periods in which the net  energy flows to t h e  utility. 

A net energy ra te  for  cogeneration and small power production on the  residential scale is 
desirable because i t  encourages such production,* i t  is simple t o  understand and t o  
administer, and i t  is defensible under t h e  requirements of PURPA. The remainder of this 
section explores the  apparent clash between t h e  PURPA limitation of FERC rules for 
purchases by the utility to  the incremental cost of alternative electr ic  energy and the  
proposed ne t  energy rate. 

The Effect of Very Small QFs on Utility Load Fluctuations 

What is the e f f ec t  on t h e  load swing of a utility of interconnecting a SPPF? The  sudden 
onset of the  generation of 20 kW of power of a WECS has the  same ef fec t  as the sudden 
shutting off of 20 kW worth of motors.** The utility in both cases must bum fuel more 
slowly and genera te  20 kW less energy until the  next  system fluctuation requires another 
adjustment. 

As far  as fluctuations are concerned, a 20-kW WECS is virtually a 10-kW load fluctuating 
f 100% or f 10 kW, between 0 kW and 20 kW. Even though the WECS has a 100% fluctua- 
tion, as compared with a utility system load swing of perhaps f3%, superimposing the 
SPPF1s fluctuation of f10  kW has no noticeable e f fec t  on the  potential  load swing of f 120 . 
MW (i.e., 120,000 kW) of a 400-MW system. 

The  e f f ec t  on a utility of interconnecting a small intermit tent  SPPF is similar to  t h e  
e f fec t  of dumping a bucket of boiling water into a pond. The larger unit in each case 
acts as an  "infinite reservoirf1 relative to t h e  smaller. The pond absorbs thermal energy 
from the  boiling water without perceptible temperature rise. The utility absorbs random 
power fluctuations from the  SPPF without perceptible e f f ec t  on i t s  own, much larger, 
random fluctuations. 

Load swing has a s tat is t ical  character  and is independent of t he  fluctuating power 
production of an interconnected SPPF. The ef fec t  of independent random fluctuations is 
found by first  squaring each number (in kilowatts, not in percent), adding the squares, and 
finaliy takfng the  squa~w coot of the sum, Even a very large SPPF-for example, one with 
one-tenth the  fluctuation of t h e  system's load swing (a super-WECS of 12 MW 12 MW)- 
would have almost no e f fec t  on the overall system fluctuation; the fluctuation of the  
composite system i n c ~ a y s  from f l20MW to  f 121 MW, one adds the  squares of the 
fluctuations not t he  fluctuations themselves. (The *lo-kW fluctuation of a 20-kW WECS 
only increases the  effect ive load swing from *I20 MW t o  k120.005 MW.) 

The fluctuations of separate WECS are partially cor re la ted  If they were uncorrelated, a 

their cumulative e f f ec t  would b e  entirely negligible. But, even if they were completely 
correlated the  interconnection of 1% WECS capacity to a utility has only a slight e f fec t  
on the  l ~ d  fluctuations. One percent of a 4000-MW utility is 40 MW. This is the  
equivalent of 20 MW + 20 MW. Superimposing a fluctuation of +20 M W  on load swing of 

MW gives *121.7 as the  composite fluctuation. Thus, i t  is practically no more 

*The social usefulness of small power production on a residential scale (and, i f  technically 
feasible, of cogeneration) has been argued in Section 3.2.2. 

**See Section 2.1.2.5 on load swing. 
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difficult for a utility to cope with the fluctuatillg nature of the residential scale SPPF at 
1% penetration than it is to cope with the variations in the ordinary load. 

5.4.2 The Effect of Very Small QFs on Utility Generation C a p e  

How does the installation of residential SPPFs with an eggregate capacity equal to 1% of 
the residential load affect the generation capacity needs of the utility? The answer 
depends on several variables. One variable is the existing size of the utility's reserve 
generation capacity. A second variable is the extent to which the SPPFs are used to 
reduce existing electric consumption. 

It cat1 be argued that the proposed rate is a form of subsidy from the ratepayers as a 
group to the small power producing consumer. If it is a subsidy, is it within the range 
that accords with the intent of PURPA? On its face, the answer is no, in view of the 
explicit language of the conference report quoted in Section 1.4.1 and in the text accom- 
p a n y i ~  Ref. 31. The level of sdsidy may neverthelsw he wen, within limits oonsistent 
with t e act. The largest possible adverse impact on other ratepayers is well within 
1%. This is to be compared with rate inequities large enough to be of special concern in 
S 133 of PURPA. The possible 1% subsidy is to be compared also with the subsidy 
explicitly acceptable to PURPA in providix for lifeline rates. 

Finally, it is noteworthy that the proposed net energy rate for residential scale SPPFs is 
experimental and that it avoids any danger of permitting profiteering at the expense of 
ratepayers. 

5.4.2.1 A Reabmticm of Sales Without a ReQction of Fixed Costs 

If all of the installations of residential SPPFs were by existing customers, the effect 
would be no increase in peak demand and a slight decrease in energy sales. (Because the 
capacity factor of most SPPFs, at least of WECS and PVs, is small compared to utility 
capacity factors, the amount of reduction of energy sales would be well under I%.) The 
total energy sales could be reduced without a corresponding saving in fixed costs. As a 
result, the cost per kwh would rise slightly. On the other hand, no new capacity would 
need to be built since the back* demand would be no more than the original demand. In 
this respect, the partial replacement of energy purchases by self-generation is equivalent 
to conservation and the installation of solar heating. It would be, contrary to social 
policy to allow rate structures that penalize such conservation measures [24 11. In order 
to assure that such measures (including conservation, solar heating, and solar generation 
of a portion of one's electric needs) are protected against discriminatory rates, it would 
be wise to obtain new legkhtion such as H.R. 2798, which ffprohibits electric and gas 
utilities from charging higher rates to residential consumers who conserve energy or 
utilize alternative energy sources1' [2421. 

5.4.2.2 New Caarsbnwtioa Can Be Delayed 

SPPFs that are instaned by new electric consumers will hold down the expansion need at 
least to the extent of the ELCC of the SPPFs. If such installations are in the typical 
,utility, overdesigned due to past overestimates, the fraction of 1% of capacity can be 
absarbed by the utility. In such cases there fs no new burden placed on the other r a t e  
payers by the alternative energy investments of the new consumers who install SPPFs. In 
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fact, the added energy sales could reduce the per kwh cost to the ratepayers who are 
presumably paying a premium rate because of the overcapitalization of the utility. 

If SPPFs are installed by new consumers in a system that is not overbuilt, some expansion 
would seem to be caned for. It is in these situations where the other ratepayers might in 
fact be subsidizing the SPPF owners (by less than 1%). But these are the rate situations 
in which the ratepayers are significantly advantaged relative to average utility custo- 
mers, since these are ratepayers not burdened by the costs of overcapitalization. The 
subsidy would come from advantaged ratepayers in order to make possible the develop 
ment of alternative energy sources in places with the largest pressure to expand. 

5.4.2.3 Equity Among Consumers 

The propased experimental net energy rate would have the effect on a small power 
producing consumer of assessing a smaller share of the utility's fixed costs than that 
same consumer would bear without the SPPF. This is because the consumer would 
otherwise be paying for more kwh and it is assumed that the fixed costs are incorporated 
into the energy charge. This reduced assessment of the capacity costs results whether 
the SPPF is installed by an existing or a new customer and whether the SPPF is intercon- 
nected with an over- or under-capitalized utility. But the pmducer/consumer is not 
necessarily advantaged relative to other consumers. Because rate structures do not 
reflect cost of service precisely, it is quite possible for two consumers who impose 
different burdens on the utility to have the same bill to pay, or for two consumers who 
impose equal burdens to be billed differently 12431. 

PURPA recognizes the existence of inequities among the members of a single customer 
/ 

class in 5 133(a)(l). That subsection requires FERC to gather information about "the 
costs of serving each consumer class, including costs of serving different consumption 
patterns within such class, based on voltage level, time of use, and other appropriate 
factors1' (emphasis added). In order to insure a high level of equity among the members 
of the residential class, a finely graduated timeof-day rate would be required. In order 
for such a rate to avoid discrimination against solar energy users, demand charges should 
be incorporated into a sharply differentiated time-of-use energy rate (see Sections 4.1.2 
and 5.2.3.4). 

PURPA, however, shows a much greater concern with !'the costs of serving each con- 
sumer class" than it does with equity within each class. For example, in § lll(a)(3), 
timeof-day rates are established as a federal standard: '? . . rates.. . for each class of 
electric consumers shall be on a time-of-day basis . . . .'I And even this greater concern 
with the equity between classes, as compared to equity within classes, is qualified. 
Tim-f-day rates are to be established where cost effective; i.e., ''if the long-run 
benefits of such rate to the electric utifity and its electric consumers in the class 
concerned are likely to exceed the metering costs and other costs associated with the use 
of such ratef1 [244. 

In requiring a cost-of-service study, PURPA implicitly accepts the existence of rate 
inequities-at least until FERC1s implementation of S 133 establishes an adequate basis 
fcr more equitable rate structures. Moreover PURPA explicitly accepts rate inequities 
(subsidies) for a special purpose in S 114(a): 

No provision of this title prohibits a State regulatory authority . . . from 
fixing, approving, or allowing to go into effect a rate for essential needs . . . of residential electric consumers which is lower than a rate under the 
standard [of cost-of-servicd . 
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Given this departure from the "no s~bsidies'~ idea and given the general inaccuracy of the 
relationship between residential rates and cost-incurrence, it would be inappropriate to 
single out SPPFs (at a concentration of less than 1% of residential use) for strict adher 
ence to the no-subsidy rule. 

5.4.2.4 The Scope of the Prop& Experimental Rate 

The proposed net energy rate is an experimental rate. It is limited to SPPFs whose net 
energy balance is that of a consumer--not a supplier--and limited to an amount of gen- 
eration capacity that aggregates no more than 1% of the capacity to serve the residen- 
tial consumer class of a utility. 

The principle behind the experimental rate is that it would be premature to (1) place 
residential consumers who generate a portion of their own electricity in a class by 
themselves, or (2) establish a rate structure for this very small subset of residential 
consumers that differs materially from the rate structure of the remginder of the class. 
In addition, the simplicity and cost saving as to metering and bookkeeping warrants the 
slight imprecision that accompanies net energy rates. The rate is experimental in that it 
is designed to provide the oppcrtunity to study the actual effect of interconnecting many 
SPPFs with the utility, while providing enough encouragement so that there will be a 
sufficient sample for the study. Until the effect of such interconnection can be observed 
(not merely computersimulated) and until the general accuracy of rates as a reflection 
of costs of service is better understood through the FERC study under § 133, it would be 
difficult to devise a realistic rate that is both more accurate than the proposed rate and 
that encourages small power production. Any other rate would suffer equally from 
imprecision. In short, it is premature to arrive at a final rate. If the residential class as 
a whole has an energy block rate (with customer charges either separate or incorparated 
into the first block), it is a good enough approximation to allow small power producing 
consumers to pay for the net energy they consume. If a demand/energy rate is in force, 
the objections already stated in Section 4.2.1 still hold. If a time-of-use energy rate is in 
force, the proposed rate would call for net energy measurements in each of the time 
periods in question. 

The propased rate does not permit payment by the utility to the residential SPPF for a 
net energy flow to the utility. This restriction serves to avoid any possibility of private 
profiteering at the possible expense of the remaining ratepayers. The net energy rate is 
designed for consumers who meet a part of their own needs, much as other consumers 
can decrease their needs by conservation or direct solar energy use. 

Finally, no injustice is done by giving an advantage to the first 1% of the residential 
consumers over any additional consumers who may add a SPPF later. The cost of 
installing a SPPF is much greater in the early stages of commercialization of a given 
technology than it is in later stages. If it turns out that net energy rates constitute a 
subsidy, it is appropriate that the recipients of the subsidy be limited and that the costs 
of the subsidy be trivial. The restrictions of the proposed rate are designed to assure 
that any subsidy that results should be an insignificant portion of any other ratepayer's 
cost. 

5.5 RATES FOR INTERCONNECTED F A C m E S  AND ENERGY STORAGE 

The rate structure for exchanges of energy between QFs and utilities ought not to 
encourage counterproduc tive planning decisions. For example, a rate schedule that 
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charges a high price for maximum power demand and a low price for energy may invite 
even highly reliable CFs to invest in duplicate generating equipment in order to  become 
wholly independent of the utility [2451. Excessive reliance by regulatory authorities on 
the model of utility may lead to  excessive distinctions between firm and non-firm 
power. The resulting difference in treatment of steady and intermittent producers may 
lead the  lat ter  t o  t ake  undue measures to smooth their power output. Such measures 
would defeat the utility's ability as an infinite reservoir to  serve as the  equivalent of a 
storage system. The electric network can absorb solal-generated electric power without 
storage if solar penetration is less than 15% of the utility's output [2461. It  is, therefore, 
more cost effective (in total cost to  the  society) for the  utility to adapt i t s  behavior to  
the intermittent output of solar sources of electric power than it  is for SPPFs to rely on 
storage or complex hybrid arrangements to be  able t o  provide firm peak power to 
utilities. Rate structures should not at tempt to create false economic signals that  
defeat this reality. 

5.5.1 Cost-Effective StoPage 

At  low penetration of solar production, storage is an unnecessary expense. At high 
penetration, storage may be a cost-effective alternative to  expansion of generation 
capacity. Dispersed storage dedicated to  individual SPPFs is not cost effective, how- 
ever. A "dedicated" storage system is one that is charged only from the pertinent solar 
system. Decentralized dedicated storage for SPPFs is uneconomical in two ways. First, 
i t  is up to four times more expensive than the equivalent amount of central station 
storage [247]. Second, system-wide storage can be charged from the grid itself whenever 
the system has cheap off-peak energy, and is 2.7 times as effective a s  dedicated storage 
that  can b e  charged only from the particular unit .to which it  is dedicated [248]. The 
total cost to society of decentralized dedicated storage is therefore unacceptably high 
compared with utility system storage. 

An example of the way a ra te  structure can falsely make a dedicated storage system 
appear cost effective is one that allows lit t le or no payment by the utility for energy 
from SPPFs. Assuming no sales to the  utility, for example, a 10-kW PV system can 
increase the electricity it supplies to a residence by 46-58% by adding 24 kwh of storage 
[249]. Without storage, this excess production over instantaneous residential demand is 
wasted unless sold to the utility. B u t  since the energy can be  sold to, and absorbed by 
the  utility, the energy "saving" is illusory. The ra te  structure should sufficiently reward 
the SPPF for sales so that  it is not encouraged to  build unnecessary storage. 

Less drastic rate structure defects can give similar false signals. For exa'mple, if a high 
. minimum ELCC were required in order for a SPPF to be entitled to capacity credit, the  

SPPF might be  tempted into cost-ineffective measures. For large central station.utility- 
owned WECS, storage improves the  46% capacity credit (at 10% penetration in Kansas) 
to 70% [250]. However, dedicated storage was found inferior to system storage and 
neither was found worth adding at 5% WECS penetration [25U. 

An intermittent facility such as a WECS or PV can most effectively tailor i ts  output to 
suit the utility by hybrid operation in conjunction with a low-head hydroelectric plant 
that  has reservoir storage. The hydroelectric component of such a hybrid can be  used not 
only compensate for the variations of the WECS but to arrange that  the net surplus 
energy is available for firm. peak power sales. The idea of interconnecting wind and 
hydroelectric power had already been proposed in the early 1940s in conjunction with the  
first large (1.75 MW) wind machine, the Smith-Putnam machine at Grandpa's Knob, Vt. 
12521. The Smith-Putnam turbine lost a blade that could not be  replaced because of 
wartime shortages; thus, the hybrid project never was put into practice. 
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Two modern variants include a plan under consideration by the Niagara Mohawk Power 
Company in New York State and a plan of the Bureau of Reclamation for a wind farm a t  
Medicine Bow, Wyo. The New York State plan would use the wind power solely to pump 
water back up into a reservoir a t  an existing hydroelectric station [253]. In that case 
there is no need to generate electric power that is compatible with the electric network 
from the WECS and the electric output (from the hydroelectric plant) could be used to 
smooth the utility's load curve. The Wyoming installation is not planned as a direct 
hybrid; i t  would take advantage of the fact  that the seasonal variations of water avail- 
ability just offset the seasonal variations of wind speed [25.4]. 

In a hybrid system the hydroelectric component may be manipulated to provide a desir- 
able firm power output. A SPPF thus operated may be able to avoid the need for backup 
power~or to reduce i ts  backup need to base load power, and it may command a much 
higher price for surplus energy than an intermittent system c a n  However, the hydro- 
electric component of the hybrid system could be used even more efficiently a s  a load 
management device for the composite system (utility plus WECS) than i t  can to manage 
the output of the WECSIhydro hybrid SPPF. If it is used to match the hybrid SPPFts 
output to a predetermined firm' power sales agreement, it  is not used with as much 
flexibility in meeting the actual demand on the utility as  it could be. System-wide load 
management remains the most efficient use of energy-limited hydroelectric power [255]. 

5.5.8 An ApproQeb to Srlbsidieing Solar Prothetion of Electriciw 

In Title II of PURPA, Congress has found a brilliant way to take advantage simultan- 
eously of the large size of utilities and the small size of SPPFs. Its large size permits a 
utility to absorb the fluctuating electric output from solar sources. Their small  size 
makes SPPFs flexible and suitable to rapid innovation. By requiring utilities to offer 
interconnection, PURPA takes a large step toward encouraging solar production of 
electricity. A second step that PURPA should take to provide a higher level of encour- 
agement is to permit modest subsidies within the utility system. 

Two related approaches to subsidizing solar production of electricity are proposed. The 
first looks to the utility (and ultimately i ts  ratepayers) to subsidize SPPFs by absorbing 
the capacity costs for any backup energy. The second looks to the federal treasury to  
assist utilities in absorbing the capacity costs. 

5.5.8.1 Utility Absaption of Capacity Costs of Qudfyi- Facilities 

This report suggests amending PURPA 8 210(c) and $ 210(b) to permit: 

backup rates for QFs that do not reflect the cost of generation capacity; and 
. energy sales by QFs to utilities to be credited against purchases from utilities, to 
provide for net energy purchases by QFs. 

These suggested amendments represent a departure from the intent of PURPA as well a s  
i t s  language because they allow for a possible subsidy of QFs by the remaining rate- 
payers. The burden of carrying the costs of expanded generation capacity of the utility 
would be borne by only those ratepayers who do not own QFs. 



  he recommended'implementation by FERC of such an amended act would provide that: 

~ e t  energy rates* be charged to all CFs and SPPFs that are net consumers of 
electricity, limited to no more than 10% of the generation capacity serving each 
customer class; 

The rates would not reflect a generation capacity cost but would include trans- 
mission and distribution as well as customer charges; 
The limitation to 10% penetration would be relaxed if the recommendation in 
Section 5.5.2.2 is adopted. 

The rationale for these added incentives to SPPFs and CFs is that rapid commercializa- 
tion of these technologies may well require more incentives than Title II provides at  
present. In addition, the economy generally and utility ratepayers in particular ,would 
benefit from the fuel savings. The proposals do not benefit all QFs equally. Cogenera- 
tion, biomass, and hydroelectric facilities may already be in a position to obtain capacity 
credit and would presum.ably benefit less than WECS or direct sunlight facilities. This 
unequal subsidy is appropriate. Cogenera tion, biomass, and hydroelectric facilities use 
limited renewable resources. WECS and direct sunlight facilities use literally inexhaust- 
ible energy supplies. 

Subsidization by utility ratepayers rather than society at large is appropriate. First, the 
class of electric consumers is almost congruent with society at large. Second, the hidden 
environmental burden imposed by conventional power plants (and to a lesser degree by 
CFs, biomass, and waste burning plants) is proportional to electricity use. Since these 
hidden costs are not included in rates, it is appropriate that consumers whose consump 
tion pattern imposes those costs subsidize others whose production decreases the envi- 
ronmental costs of electricity. 

The limitation to 10% penetration is selected for three reasons: (I) at less than 10% 
penetration the intermittent availability of solar production of electricity can be ab- 
sorbed in the normal load fluctuations, (2) there is no need for system-wide storage at 
low penetration, and (3) most utilities are overdesigned by more than 10%. 

The proposal may be thotght to treat differently those utilities that are overdesigned and 
need no expansion to accommodate the capacity needs of QFs from those utilities that 
have no excess capacity. Different utilities, however, offer very different electric rates 
and high rates are due in no small part to overdesign If the burden of subsidizing CFs 
and SPPFs falls unequally on different utilities, it at least falls less heavily on consumers 
of overdesigned utilities who are already paying an excessive rate. 

5.5.2.8 Federal Sthsidy for Utility System Staage 

This report recommends that direct federal subsidies be provided to finance system-wide 
storage for utilities with over 10% penetration of generation facilities using intermit- 
tently available renewable resources. Utility-owned systems for generating electric ty 
from solar resources are included as Ifgeneration facilities using intermittently available 
renewable re sources.11 

*Net energy rates is used in the sense discussed in Section 5.4, except that the proposal of 
Section 5.4 was limited to residential SPPFs at penetrations below 1%. 
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The proposed federal subsidy would limit to well below 10% the  subsidy provided by the 
utility's absorption of the capacity costs of qualifying facilities, a s  proposed in the 
preceding subsection. Only after t h e  total rated generation capacity of devices for 
producing electricity from solar sources reaches 10% of the utility's capacity would 
subsidized storage be built. That is, the generation capacity subsidy for solar facilities 
would be asumed by the utility to 10% penetration and by the Federal Government for 
any exces over 10%. 

Solar production by the utility itself would be counted in arriving a t  the aggregate of 
10% penetration. The federal subsidy would therefore encourage the development of 
solar production of electricity both internally and externally to the utility. It is correct 
to make no,distinction between subsidizing the utility's WECS and independent WECS. In 
either case--SPPF or utility WECS-the ratepayer supports the difference between rated 
c ~ p a c i t y  and effective load carrying capability. In either case, the ratepayer should be 
relieved after 10% of the system is solar or intermittent, 

A suhsirty in the form of federally financed ener storage shifts'the generation mix into P one suitable to suppmt intermittent production rom sofar sources. The storage paid for 
by public funds would not be a part of the rate base for ratemaking purposes. The 
proposed program would avert a utility response to solar production of increasing fossil 
fuel or nuclear capacity, thus expanding the rate base. 
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