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base case assumes utility ownership while the
PURPA case assumes private ownership.

Table 69 shows the same qualitative phenom-
enon as figure 61—a rising burden of fixed or
common costs to be borne by the nongenerating
customers remaining on the utility system. In the
PG&E case, the shift is clearly due to the effects
of cogeneration. Moreover, a significant part of
the increase in fixed cost comes from PURPA in-
centives under the simultaneous purchase and
sale provision—estimated at roughly $445 million,
assuming that cogenerators will pay rates for their
own use that are roughly 70 percent of the aver-
age price (18). The estimate may, of course, be
too high. If it is high, the net fixed costs would
be less and the risk less extreme. However, the
simultaneous purchase and sale incentive is only
about one-third of the fixed cost differential (445/
1,270) in the two cases. Therefore, even a change
in the rate structure to reduce that incentive
would not by itself eliminate the problem. Cus-
tomers remaining on the utility system would
have fewer incentives to conserve electricity at
this point because reduced sales would only in-
crease the fixed cost burden (29).

Thus, the increasing burden of fixed costs can
result from either excess capacity (CWE) or com-
petition (PG&E). Of the two distinct routes to the
high fixed cost situation, it is likely that the com-
petition risk may be smaller than the excess ca-
pacity risk. The reason for this is the potential
escalation in fuel costs. The calculations in table
69 show fuel costs ranging from about 50 per-
cent of total cost in the base case to about 37 per-
cent of total cost in the PURPA case. The fuel cost
fraction would rise if fuel cost escalated faster
than assumed (roughly 10 percent nominal an-
nual rate). Although no one can predict future
oil prices (the dominant fuel in California), the
tendency in the past has been to underpredict
price increases (29).

On the other hand, the excess capacity risk re-
sults in part from the “lumpiness” of investment
in baseload facilities. New central station plants
come in large unit sizes and require long con-
struction and licensing times. Further, accurate
demand forecasting is difficult, and the tenden-
cy in the past has been to overestimate the future

size of the electricity market. However, demand
growth is more sensitive to price increases than
pre-1 973 behavior seemed to indicate and large
baseload projects are difficult to adjust to reduced
growth. Powerplant construction can be deferred
(which means extra carrying cost) or canceled
(which means losses). Thus, once large projects
are initiated there is a tendency to continue them
regardless of changing circumstances.

Therefore, where construction commitments
are large (as in the CWE case), the balance of
economic and institutional forces points toward
a greater risk from excess capacity than from
competition. At the present time, however, the
risks from cogeneration competition are more
potential than real due to its low market penetra-
tion. One way utilities can deal with possible
future competitive threats is by trying to capture
the new markets with their own investment.

Other Economic and Social Impacts

OTA'’s analysis focused on the economic and
social impacts of cogeneration on electric utilities
and their customers. However, cogeneration may
also have important socioeconomic implications
in other sectors, such as business development
patterns for fuel and technology suppliers and
capital markets, and the role of policy/politics in
energy supply. A detailed assessment of these
issues is beyond the scope of this report, but
some general considerations are outlined below
as a framework for future analysis.

PURPA'S partial deregulation of entry into the
electricity generation market has received a lot
of attention for the opportunities it presents for
new and small businesses, and for the changes
it may bring to existing economic sectors. For ex-
ample, the primary sources of fuel for cogener-
ators in the near term are not expected to be dif-
ferent from the fuel sources for electric utilities
(oil, gas, and coal). However, as advanced co-
generation technologies with greater fuel flexibili-
ty emerge, new opportunities should arise for
suppliers of alternate fuels such as municipal solid
waste (MSW), biomass, and synthetic liquids and
gases. In some cases, these markets will be cap-
tured by existing large energy companies seek-
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Advanced cogeneration technologies with greater fuel flexibility may be able to burn municipal solid waste, contributing to
the solution of waste disposal problems and providing a new source of revenue for disposal collection agencies

ing diversification opportunities. But other
markets may be served by local governments or
private entrepreneurs (e.g., MSW), or supplied
onsite (biomass), or captured by utilities or
cogenerators themselves. For instance, one prom-
ising scheme for alternate-fueled cogeneration
uses a centrally located gasifier that converts coal,
biomass, petroleum coke (from refineries), or
other nonpremium fuels to a low- or medium-
Btu gas for distribution to cogenerators within a
limited radius. The gasifier could be owned jointly
by the cogenerators (e.g., in an industrial park)
or by the local utility as a means of diversifying
its energy supply business. A central gasifica-
tion/remote cogeneration scheme proposed by
Arkansas Power & Light is described in detail in
chapter 5. Such a scheme would enable cogen-
erators who cannot use nonpremium fuels (e.g.,
due to environmental, economic, or site limita-

tions) to centralize the costs of fuel conversion
and distribution. Thus, economic and policy con-
siderations that discourage the use of oil and gas
in cogeneration also may help to create new
business opportunities for a wide range of fuel
suppliers. In many cases these opportunities will
go to local distribution companies, as opposed
to the large producers or distributors that sup-
ply central station powerplants.

Markets for technologies also could change as
a result of the widespread use of cogeneration.
Electric utilities or their construction contractors
generally interact directly with the major manu-
facturers of powerplant equipment. Cogenera-
tors, on the other hand, will be more likely to
purchase a total system from vendors acting as
middlemen between manufacturers and purchas-
ers. Such vendors will be able to offer a wider
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range of “package” systems than a single man-
ufacturer, and to tailor the package more close-
ly to a user’s specific needs. Moreover, whereas
utilities generally perform their own maintenance,
cogeneration vendors may evolve as total service
companies that offer repair and maintenance as
part of the sales contract. The potential role for
such service companies in spreading the burden
of maintenance costs and labor requirements
contributes to the uncertainty (discussed earlier
in this chapter) in assessing these factors. Alter-
natively, if utilities own cogenerators, they may
tend to continue to deal with the major manufac-
turers with which they are familiar, and to pro-
vide their own maintenance.

Similar changes might appear in capital markets
with widespread investment in cogeneration. The
small unit size of cogenerators will mean smaller
but more frequent investments in generating ca-
pacity increments. If utilities are investing, then
their capitalization is likely to shift away from
long-term debt and equity to short-term debtor
retained earnings. Alternatively, utilities may
establish innovative low-interest loan programs
for cogenerators. Third-party investors may play
a major role due to the tax incentives introduced
by the Economic Recovery Tax Act of 1981. Or
potential cogenerators may shift their investment
priorities from process equipment to cogenera-
tion. As a result of all these types of owners, new
capital markets for energy projects will be in-
troduced. Traditional lending institutions such as
banks could become financiers for energy proj-
ects. Investment firms will have a new option for
sheltering their clients’ income. A wide range of
traditional financiers may establish leasing sub-
sidiaries.

The potential impacts on fuel, technology, and
capital markets outlined above will themselves
have far-reaching effects. For example, concern
is frequently expressed about the anticompetitive
aspects of utility investment in cogeneration. It
is argued that utilities may favor their own sub-
sidiaries in contracting for cogenerated power,
or favor one or two manufacturers or vendors of
cogeneration systems, and thus foreclose small
business opportunities and/or stifle the develop-
ment of innovative technologies. Similarly, utili-
ty loan programs have raised questions about

competition in the banking industry, where
market entry traditionally has been regulated.
Although these concerns may be real, closing
these markets to utilities could also stifle the
development of cogeneration capacity, and it
may be more sensible to resolve any questions
about the competitive effects of utility investment
through carefully drafted legislation and regula-
tions, and through established legal and admin-
istrative remedies.

The introduction of new fuel supply configura-
tions could have significant impacts on other fuel
users as well as on land use patterns and other
environmental factors. If oil- or gas-fired cogen-
eration achieved a significant market penetration,
changes could occur in the way these fuels are
allocated among noncogenerating residential,
commercial, and industrial customers. Cen-
tralized fuel conversion systems such as gasifiers
would require new dedicated distribution sys-
tems, and would strongly influence the location
of new cogenerating industries. Where fuel con-
version is not centralized, fuel delivery and
storage may pose substantial problems, especiall,
in urban areas. If the cogeneration site is not able
to accommodate large fuel storage facilities (e.g.,
30 days’ supply), then frequent deliveries could
involve noise and/or air pollution as well as traf-
fic congestion. As with the concerns about the
anticompetitive aspects of utility ownership of
cogenerators, these potential land use problems
are probably best solved through careful design
and siting of cogenerators and rational local plan-
ning, rather than through general disincentives
to cogeneration.

Centralization and Decentralization of
Electricity Generation

In the two decades following World War 11, the
electric power industry operated under a declin-
ing production cost curve even during periods
of general increases in the cost of fuels and the
overall consumer price index. The primary con-
tributor to these declining costs was the capture
of significant economies of scale that allowed
larger powerplants to use fuel more efficiently
(see ch. 3). At the same time, obvious cost sav-
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ings became associated with the location of multi-
ple units on single sites, and planning responsibil-
ities, decisionmaking authority, and capital assets
became concentrated in a rapidly diminishing
number of institutions—primarily investor-owned
utilities (32). The resulting combination of large
powerplants concentrated at a central location
and under the authority of a limited number of
large organizations has become known as the
centralization of the utility industry.

When engineering economies of scale were no
longer able to offset other costs for larger power-
plants, and the electric power industry’s declin-
ing cost curve disappeared in the late 1960’s, the
value of such centralization became increasingly
debated. Questions have been raised about the
role of centralization in the adverse environmen-
tal impacts of large powerplants, in utilities’ finan-
cial deterioration, and in more qualitative con-
cerns such as individual's feelings that they have
lost some control over important aspects of their
lives and livelihoods. As a result, it is frequently
suggested that the electric power industry should
be restructured in favor of a decentralized system
based on small-scale technologies located at or
near the point of use and subject to local or indi-
vidual control. This position is advocated by a
wide range of groups with varying goals, but the
central features of the argument generally are
considered to be embodied in the writings of
Amory Lovins and colleagues on the “soft energy
path” (31).

This section reviews the context of the debate
over centralized and decentralized electric ener-
gy systems, then analyzes the role that cogenera-
tion might play within that debate. *

Technology and Values

One of the critical features of the current ener-
gy policy debate is the lack of consensus on both
the facts and the values surrounding energy pol-
icy. Thus, there are radically different perceptions
about the actual nature of the “energy problem”
as well as disagreements about the role energy
plays in structuring social organization. One of
the most pervasive of these disputes is over the

*Much of the following discussion is from Hoberg (26).

centralization or decentralization of electric
power production.

The point of view that argues for “decentraliza-
tion” is embodied in a number of separate move-
ments (e.g., appropriate technology, environ-
mentalist, antinuclear), each of which has its own
criteria for evaluating energy technologies. But
they all tend to converge with regard to proposals
for small-scale renewable energy technologies,
as embodied in the “soft-path” future first
described by Lovins.

The three primary components of Lovins’ soft
energy path are:

prompt commitment to maximizing end-use
efficiency;
rapid development and deployment of small-
scale renewable-fueled technologies whose
energy quality closely matches the required
service; and

- special transitional fossil fuel technologies.

The first component would minimize the energy
input into a given end-use function. The second
would accelerate reliance on renewable fuels and
on energy technologies that contribute to self-
reliance, and the third would “tide us over” un-
til the system adjustments anticipated by the first
two can be made. Because of Lovins’ overriding
concern with thermodynamic efficiency, cogen-
eration—primarily industrial cogeneration using
coal-fired fluidized bed combustion systems—is
viewed as a major contributor to the transitional
fossil fuel technologies.

Lovins’ writings have played a major role in
winning a place for alternative technologies in
the energy policy debate. However, as in other
energy policy areas, the facts and values sur-
rounding soft energy paths are subject to debate.
With respect to the facts, the uncertainties in cap-
ital and operating costs and in output characteris-
tics are especially important. In regard to the
values, there is disagreement not only between
soft and hard path advocates, but also between
different segments of the alternative energy move-
ment.

For example, Lovins only applies soft energy
technologies at the margin; he does not advocate
the early replacement of existing central station
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powerplants and their accompanying transmis-
sion and distribution networks. Other “appropri-
ate” technology advocates focus on stand-alone
applications that are totally incompatible with the
existing electricity supply system (e.g., windmills
or photovoltaics coupled with battery storage).
Moreover, there is no real consensus among soft
path advocates as to which values should pre-
dominate in such technological decisions. Some
place a great deal of emphasis on fostering decen-
tralization in order to gain control over the tech-
nologies that affect their lives, while others em-
phasize economic efficiency.

The debate about the role of cogeneration in
energy policy typifies these fact and value dis-
putes in several ways. It can be a small-scale tech-
nology located at the point of use, or larger sys-
tems can be centrally located and the energy
products distributed among several co-owners or
customers. Cogenerators can use coal or other
alternate fuels as their primary energy source, but
the most economic systems for some applications
will rely on oil or gas in the near term (e.g., gas
turbines, diesels). Cogeneration can present sig-
nificant energy savings when compared to cen-
tral station generation and separate thermal pow-
er production, but it also will be competing
against conservation, coal, and renewable fuels
on many electric systems, and its electric power
output is less certain. Thus, whether cogenera-
tion will be a favored technology to advocates
of decentralized energy systems will depend
heavily on the technology and the mode of de-
ployment chosen.

Centralization and Decentralization

The concepts of centralization and decentrali-
zation are critical to an assessment of the social
and institutional impacts of dispersed electricity
generation, but are all too often left undefined.
In this discussion, these terms will be used to
describe a measure of the distribution of control,
authority, or autonomy throughout a system (in
this case the energy and social systems), where
“control” refers to the ability to affect the
behavior of others or of the system itself. A situa-
tion in which a single component controls all
others and the system itself (e.g., a monopoly or
monopsony) defines the centralized extreme,

while at the decentralized extreme each individ-
ual is autonomous and therefore cannot change
the system or its components (e.g., perfect com-
petition). This concept of centralization is similar
to that in organization and administration theory,
where the concern is locating the decision mak-
ing authority within an organization or institution.
The concepts of centralization and decentraliza-
tion of control are particularly important to the
structure of organizations because mismatches
between that structure and the task it is designed
to accomplish can result in inefficiencies (7).

The centralization or decentralization of con-
trol should be distinguished from other concepts
that focus on size or geographical concentration.
While these factors may influence the degree of
centralization, they do not define it. Similarly, it
is useful to distinguish technical from social cen-
tralization. Thus, technical systems can be de-
fined in terms of their dependence on one or a
few components (e.g., central dispatch of an in-
terconnected electric utility system) without nec-
essarily implying an equal degree of authority
over a related social system.

Centralization/Decentralization
and Cogeneration

How cogeneration fits into this definition of
centralization and decentralization will depend
on its deployment and operating characteristics.
Thus, the lower minimum efficient scale of cogen-
eration relative to conventional powerplants can
contribute to decentralization because the small-
er size and lower costs make the technology ac-
cessible to more people. On the other hand, co-
generators are more complex than traditional on-
site thermal energy systems (e.g., boilers, fur-
naces), and they are likely to require new tech-
nical and managerial skills in industrial and com-
mercial enterprises that own and operate them,
or in utility companies that deploy them in their
service areas. Whether a firm decides to train or
acquire its own expertise or to rely on a vendor,
utility, or other service company may determine
that firm’s perceptions of autonomy.

Similarly, the resource/demand characteristics
of cogeneration, including the type of primary
energy source and its concentration or density,
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the type of technology and its concentration, and
the actual number of components in the re-
source, conversion, and demand categories will
influence the degree of centralization. In general,
decentralization might occur if the energy re-
quired within a given area is approximately equal
to the energy available in that area. If energy must
be imported, the system will be more vulnerable
to external control and thus relatively centralized.
Similarly, where the energy can be exported or
distributed over a larger area, a relatively central-
ized dependence of dispersed users on a concen-
trated resource may result.

Finally, the amount of political or social impor-
tance associated with cogeneration will be a
significant factor in determining centralization
and decentralization of control. For example,
PURPA encourages grid-connected cogeneration,
offering economic incentives for operating char-
acteristics (such as central dispatch) that increase
utilities’ control over the deployment and use of
the technology.

Because all these characteristics will vary wide-
ly, it is clear that cogeneration cannot automatic-
ally be considered a decentralized technology
that will lead to a decentralized social structure.
Similarly, central station powerplants will not al-
ways lead to centralized social organization, al-
though this has been the predominant trend in
the electric power industry. Rather, it is possible
to envision centralized technologies that contrib-
ute to a decentralized social or political system,
as well as decentralized technologies leading to
centralization of control. For example, Franklin
Roosevelt saw centralized generation of electrici-
ty with transmission to outlying areas as the key
to a decentralized society:

Sheer inertia has caused us to neglect formulat-
ing a public policy that would promote the op-
portunity to take advantage of the flexibility of
electricity; that would send it out wherever and
whenever wanted at the lowest possible cost. We
are continuing the forms of overcentralization of
industry caused by the characteristics of the
steam engine, long after we have had technically
available a form of energy which should promote
decentralization of industry (34).

The central theme underlying the possibility of
such a centralized energy system supplying a

decentralized society is the proposition that the
most effective means of preserving diversity, flex-
ibility, and freedom of choice in social structure
is to ensure abundant supplies of energy at the
lowest possible cost (termed the “cornucopia
strategy”). The less scarce the fundamental en-
ergy input, the less influence energy would have
on the structure of social organization. Cogenera-
tion (and other alternative technologies) would
be included in the cornucopia strategy to the ex-
tent that they pose economic advantages over
conventional technologies. Moreover, a recent
analysis suggests that cogeneration combined
with the centralized electricity grid will contribute
to decentralization in the economy(1). This anal-
ysis argues that the lack of significant scale effects
associated with connection to a centralized grid
will mean that large firms will not have competi-
tive advantages over small firms in energy access
(ignoring declining block rates or relative process
efficiencies). Thus, diversity and decentralization
of organizational structure in industry and busi-
ness might be promoted.

The idea of centralized energy systems leading
to decentralized social organization looks more
to fragmentation of power among interest groups
and various levels of government wherein free-
dom and flexibility in lifestyles are fostered and
preserved, while the appropriate technology
movement embodies a notion of decentralization
that consists of a loosely coupled system of nearly
autonomous and self-reliant communities. As
such, the former view can accommodate a great
deal of specialization and differentiation in soci-
etal function, at aggregate levels, that the latter
fundamentally opposes.

On the other hand, it is also possible to envi-
sion a decentralized energy system in a central-
ized political economy. This might come about
in two ways. One analysis considers the case
where some combination of a deterioration in the
economics of utility generated electricity and an
enhanced competitive position of cogeneration
systems brings about an industrywide movement
towards cogeneration as the source of electric
power and process heat/steam. Because there are
economies of scale (in capital equipment, O&M,
pollution control, etc.) inherent in cogeneration
devices, the larger firms in a certain industry
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group will be able to produce energy more
cheaply than the smaller firms, which would give
the larger firms a competitive advantage, contrib-
uting to the elimination or absorption of smaller
firms by the larger firms. The end result is cen-
tralization in industry (as measured by industrial
concentration) (26).

A second view of this configuration-decentral-
ized energy systems in the context of centralized
control—also could result from policy considera-
tions. In fact, some commentators have suggested
that this is the most likely result:

The most plausible vision of a renewable-en-
ergy future is one that offers less freedom and
less true diversity, more centralization of deci-
sion, and more state (i.e., government) interfer-
ence and corporate domination in our lives, than
is the case in the present society in the United
States . . . (37).

Clearly, this combination of decentralized energy
and centralized social organization depends
more on policy orientations than on any of the
other factors that influence the degree of central-
ization/decentralization. Lovins terms this alter-
native a coercive one in that it is most likely to
result from policies that mandate—rather than use
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market incentives for—a decentralized energy
system (or the proverbial distinction between the
carrot and the stick). Alternatively, such central-
ization could result from demands for control of
the impacts of decentralized technologies in that
it is easier to impose and enforce controls in a
centralized manner (e.g., uniform Federal stand-
ards for system design at the point of manufac-
ture) than it is to monitor and enforce such con-
trols at myriad points of use. At the extreme,
authoritative solutions may be seen as necessary
to meet an industrial society’s need for adequate
and reliable supplies of energy, or to allocate
losses in the event of an energy supply shortfall
(37).

As has been seen above, cogeneration (and
other dispersed generating systems) cannot nec-
essarily be considered either a decentralized or
a centralized energy system nor will they neces-
sarily lead to either centralization or decentraliza-
tion of social organization. Rather the degree of
centralization/decentralization will depend on
site specific, market, and policy factors such as
the mode of operation, form of ownership, result-
ing profit and competitive aspects, and relative
policy emphasis on their deployment.
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Chapter 7
Policy Analysis

A comprehensive Federal policy toward cogen-
eration was established in 1978. In general, the
elements of this policy, which are described in
detail in chapter 3, offer economic and regulatory
incentives for cogeneration applications that will
promote the efficient use of energy, economic,
and public utility resources. The major policy ini-
tiatives include title nof the Public Utility
Regulatory Policies Act of 1978 (PURPA), the
Powerplant and Industrial Fuel Use Act of 1978
(FUA), and the Energy Tax Act of 1978 (as
amended by the Windfall Profits Tax Act of 1980
and the Economic Recovery Tax Act of 1981), as
well as provisions of the Clean Air Act, general
aspects of utility regulation, and Government sup-
port for research and development (R&D) and for
demonstration projects.

It is difficult to predict what long-term effects
these Federal policies will have on cogeneration.

Federal ratemaking, fuel use, R&D, and environ-
mental policies are now shifting in focus; many
of the tax initiatives are too new for data on their
effects to be available; and court decisions are
pending on the validity of the ratemaking and in-
terconnection provisions of PURPA. Despite
these uncertainties, some aspects of Federal co-
generation policy that may discourage the im-
plementation of cogeneration projects, or that
may result in adverse impacts from such projects,
have been identified and are analyzed below.
These include the use of oil by cogenerators, eco-
nomic incentives for cogeneration, utility own-
ership of cogeneration capacity, interconnection
requirements for cogeneration systems, the ef-
fects of cogeneration on air quality, and the focus
of R&D.

COGENERATION AND OIL SAVINGS

One of the principal objectives of Federal pol-
icy toward cogeneration is to encourage the im-
plementation of those projects that will reduce
net oil consumption, particularly by electric
utilities and industry. However, despite their in-
herent energy efficiency, not all cogenerators will
save oil. Rather, cogeneration will result in net
oil savings only if an alternate-fueled cogenerator
(e.g., one that burns coal, biomass, wastes), dis-
places either an electric generating plant or a
thermal energy system that uses oil, or if an oil
burning cogenerator replaces separate electric
and thermal energy systems that both use oil and
would continue to do so for most of the useful
life of the cogenerator. Thus, if an oil-fired co-
generator is substituted for either an electric or
thermal conversion technology that uses an alter-
nate fuel, or that would have converted to an al-
ternate fuel during the useful life of the cogener-
ator, then cogeneration actually could increase
net oil consumption.

In general, Federal policies under PURPA, FUA,
and the tax code are designed to discourage co-
generation applications that would not offer net
oil savings over the technology’s useful life. The
rates for utility purchases of cogenerated electric-
ity (and other incentives) under PURPA are only
available to oil-fueled cogenerators if they meet
the efficiency and operating standards established
by the Federal Energy Regulatory Commission
(FERC) (see ch. 3). Moreover, the PURPA incen-
tives are more economically advantageous to
cogenerators in regions where utilities depend
heavily on oil-fired generating capacity. In these
areas, the utilities’ purchase power rates are likely
to be based on the price of oil, and thus will be
higher than the rates of utilities with primarily
coal, nuclear, or hydroelectric capacity. There-
fore, oil-fired cogenerators that do achieve net
oil savings usually will have higher purchase
power rates than those that do not. (Exceptions
include States where the utility regulatory com-
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mission has set purchase power rates equal to the
price of oil while the purchasing utility actually
uses a mix of fuels, or has established explicit sub-
sidy rates for purchases of cogenerated power.)
Similarly, oil burning cogenerators only can ob-
tain an exemption from the FUA prohibitions on
oil and natural gas use in powerplants and in-
dustrial boilers if they can demonstrate net oil or
gas savings. Finally, the energy tax credits general-
ly are available only for energy property that uses
fuels other than oil or gas.

When these policies were enacted, oil prices
were escalating rapidly. It was assumed that the
rising prices and uncertain availability of petro-
leum fuels, when combined with Federal policy,
would be sufficient to ensure that only those oil-
fired cogenerators that could achieve net oil sav-
ings would be worth the investment risk. How-
ever, oil prices have leveled off recently, and,
although most analysts project that prices will rise
slowly through the end of the decade, future
prices will not be so high as projected when the
National Energy Act was passed.

Thus, oil-fueled cogeneration that does not of-
fer net oil savings may be attractive in spite of
supply and policy disincentives. For example,
some cogenerators may not need high purchase
power rates under PURPA to be economically
feasible (e.g., where retail electricity rates are ex-
ceptionally high), or may not wish to distribute
electricity to the utility grid (e.g., if onsite elec-
tricity needs are large and retail rates are very
high, or if reliability of electricity supply is essen-
tial). In addition, the FUA prohibitions only ap-
ply to cogenerators larger than about 10 mega-
watts (vw) (or a combined capacity of 25 MW
per site) and those that sell more than half of their
electric energy output. Furthermore, oil-fired co-
generators may be eligible for the energy tax
credit if they consist of a retrofit at an existing in-
dustrial or commercial facility that results in a
reduction in the amount of energy used onsite
(e.g., adding a heat exchanger to an existing
diesel generator). Where these special circum-
stances exist, oil-fired cogeneration could “slip
through the cracks” in existing policies and result
in increased oil use.

If net oil savings is the desired policy goal,
then a number of changes in Federal policy are
possible to close these gaps and further discour-
age oil-fired cogeneration that would not offer
such savings. First, the FERC regulations imple-
menting PURPA could be revised to include
standards for fuel use in qualifying facilities (e.g.,
oil-fired cogenerators would not qualify for the
economic and regulatory incentives offered by
PURPA unless they could demonstrate a lifetime
oil savings). PURPA authorized the implementa-
tion of fuel use standards, but FERC chose not
to exercise its discretionary authority in this area
in the belief that other provisions of the act (i. e.,
the efficiency and operating standards and the
avoided cost rate structure) would, when com-
bined with market forces, be sufficient to discour-
age oil-fired cogeneration. As stated in the in-
troduction to the FERC rules implementing sec-
tion 210 of PURPA:

Had Congress not intended that the benefits
of qualifying status be extended to oil- and nat-
ural gas-fired cogeneration facilities, the statute
or [Conference Report] would have contained a
restriction on fuel use similar to that which is pro-
vided for small power producers. The Congress
knew that cogeneration facilities typically use
natural gas and oil . . . the Congress enacted
[FUA] at the same time as PURPA, [FUA] pro-
vides authority to the Secretary of Energy to re-
strict the use of oil and gas in cogeneration facil-
ities. Therefore, [FERC] does not believe it neces-
sary or appropriate to require an additional layer
of fuel use regulation on technologies . . . for
which another agency has authority to restrict
fuel use. ... To the extent that oil- and natural
gas-fired cogeneration facilities provide for more
efficient use of these resources, the Commission
believes that the benefits of qualifying status
should be extended to them (4).

FERC'S decision not to require cogenerators to
meet fuel use requirements in order to qualify
under PURPA was upheld in January 1982 by the
U.S. Court of Appeals. The court agreed with
FERC'S reasoning, and held that the regulations
promulgated by FERC were a reasoned and ade-
guate response to the discretionary congressional
mandate.
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Adding fuel use restrictions to the PURPA regu-
lations would not necessarily block those facilities
for which oil use may be economical even with-
out the benefit of the PURPA incentives (i. e.,
those systems that do not need to be intercon-
nected with the grid). To reach these cogenera-
tors, Congress could amend FUA to prohibit the
use of oil in all cogenerators, regardless of size
or electricity sales, unless net oil savings are
demonstrated. The guidelines for such a demon-
stration already are included in the Economic
Regulatory Administration regulations on larger
cogenerators, but extending them to cover
smaller systems would require congressional
action.

Finally, Congress could amend the energy tax
credit (and other advantageous tax code provi-
sions such as accelerated cost recovery) to deny
credits or deductions to oil-fired cogeneration
systems that cannot demonstrate net oil savings
(regardless of reductions in onsite energy use).

However, each of these provisions would im-
pose additional layers of regulation on an already
complicated set of fuel use policies, and would
only affect a small portion of the cogeneration
market. Perhaps as little as one-third of the indus-
trial cogeneration market potential is at sites that
would install less than 25 MW. As a result, even
if all the cogenerators that would be subject to
these regulations demonstrated net oil savings
and were installed, the resulting savings could be
as low as 60,000 to 90,000 barrels of oil equiva-
lent per day (bee/day) in 1990 (2). Moreover, the
difficulty of demonstrating net oil savings and the
cumbersome paperwork involved in regulations
of this type could discourage even those oil burn-
ing cogenerators that would pose net savings.

One alternative to imposing additional regula-
tion of oil use would be to tax oil consumption
(e.g., an oil import fee). This would be relatively
simple to administer, and would provide an ad-
ditional Federal revenue stream. Although it has
been argued that such a tax would be infla-
tionary, it also would be an effective conserva-
tion measure because it would reach all users of
oil. Therefore, larger savings could be expected
than if only cogeneration were targeted.

98-946 c1 - 93 - 19 : a:.3

Another alternative to additional prohibitions
on oil-fired cogeneration is to amend existing
Federal laws and regulations to encourage the
near-term use of gas instead of oil. Natural gas
supplies currently are more abundant and less
expensive than oil, and over 90 percent of the
natural gas used in the United States is produced
domestically rather than imported. Where pur-
chase power rates are set at or near the price of
oil-fired electricity and utilities have oil or gas
burning capacity, natural gas fueled cogeneration
will be economically attractive even if natural gas
prices approach those of distillate oil.

The use of natural gas in cogenerators also
would complement the policies established un-
der PURPA that encourage the export of cogen-
erated electricity to the grid as an economical
alternative to building new central station
powerplants, or as a form of insurance against
unexpected changes in electricity demand. Cur-
rently available technologies that are likely to pro-
duce more electricity than is needed onsite (i.e.,
those with a high ratio of electricity-to-steam out-
put—E/S ratio) cannot burn fuels other than oil
or gas directly, and providing incentives (or
removing disincentives) for the use of gas could
automatically discourage oil consumption.

The near-term use of natural gas in cogenera-
tion systems also could be an integral part of an
evolutionary fuels strategy, because synthetic
gaseous fuels from coal, biomass, or wastes are
likely to be commercially feasible on a small or
medium scale (i.e., onsite gasification systems or
those with a limited distribution system) much
sooner than synthetic liquid fuels. Moreover,
gaseous synfuels with a low- or medium-Btu
value—which can be burned in cogenerators with
a high E/S ratio—are likely to be produced more
cheaply from alternate fuels (e.g., coal, biomass,
solid waste) than liquid synfuels. The most prom-
ising near-term liquid synthetic fuel that could be
produced on a relatively small scale is methanol
from wood, which also could be used in com-
bustion turbines.

The policy options that provide incentives (or
remove disincentives) for the use of gas in cogen-
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erators are similar to those described above for
discouraging oil use:

FERC could amend the PURPA regulations
(without further congressional action) to
deny qualifying facility status to oil-fired sys-
tems but specifically allow such status for gas
burning cogenerators.
Congress could amend FUA to extend the
prohibitions to all oil-fired cogenerators re-
gardless of size or electricity sales, while spe-
cifically exempting natural gas-fired cogen-
erators (or exempting those that would con-
vert to synthetic gas or other fuels by 1990
or 1995).

- Congress could amend the energy tax credits
to allow credits for gas-fired energy property
but not oil-fired systems.

However, as noted above, each of these meas-
ures would prevent or discourage the implemen-
tation of those oil-fired systems that would pose
net oil savings.

Encouraging gas-fired cogeneration in order to
discourage or prevent oil burning systems is a
controversial option. From a national fuels policy
perspective, many analysts consider gas to be
equivalent to oil in terms of its value as a premium
fuel and its future supply. If onsite or modular
gasification systems do not become commercial
as soon as their developers project, or if the cost
of synthetic low- or medium-Btu gas remains sig-
nificantly higher than the cost of natural gas, then
a strategy that encourages the near-term use of
natural gas and a switch to synthetic gas in the
long run could fail, and thus lock cogenerators
into natural gas use for 10 to 20 years. Moreover,
the potentially high cost of conversion to solid
fuels where these fuels can be burned directly
(e.g., fluidized bed), could cause cogenerators
to stay on natural gas even if the solid fuel is much
cheaper in the long run. Thus, making cogenera-

tion with natural gas attractive eventually could
add to supply pressures if future production and
reserves are not so large as optimistic gas industry
analysts project.

Large established gas users (such as electric util-
ites) understandably are concerned about the fu-
ture uncertainty of their fuel supplies, and argue
that neither oil- nor gas-fired cogenerators should
be eligible for Government incentives under
PURPA and the tax code. However, limiting ac-
cess to, or otherwise discouraging the use of these
fuels could prevent cogenerators from taking ad-
vantage of those savings that might be available.
For example, a recent study that examined the
effects of an additional 10 percent investment tax
credit for cogeneration systems that used fuels
other than oil or natural gas found that such a
credit would actually reduce both net energy and
oil savings. The reduction occurred because the
additional credit would favor cogeneration tech-
nologies that use coal or other alternative fuels
and thus, in the near term, would have a low E/S
ratio and would not be able to displace utility oil
fueled capacity (2). Therefore, measures that limit
oil and gas use in cogeneration will not nec-
essarily guarantee net oil/gas savings.

Some large established users also have argued
that future supplies of high-Btu synthetic gas (the
type that would be produced in large centralized
facilities and distributed in pipelines) should be
reserved for such users because synthetic gas with
a high energy content will be supply-limited for
at least 20 years. OTA did not analyze the issue
of allocating such gas to a particular class of users.
Rather, the gasification schemes appropriate to
cogeneration would produce low- or medium-
Btu gas for onsite use or limited distribution, and
thus would not compete in the same markets with
potential users of high-Btu synthetic gas.

ECONOMIC INCENTIVES FOR COGENERATION

Both the amount of cogeneration capacity that
will be considered an attractive investment, and
the amount of cogenerated electricity that may
be available for export offsite, are extremely sen-

sitive to economic considerations such as rates
for utility purchases of cogenerated power, tax
incentives, and other policy measures that reduce
either the capital or operating costs of cogenera-



Ch. 7—Policy Analysis . 271

tion systems. For example, a study of the poten-
tial for cogeneration development by 1990 in the
five top steam-using industries under three levels
of utility purchase rates found that the amount
of capacity that might be installed was almost six
times higher under the “high” purchase rates
(ranging from 2.5cents to 7.5cents/kWh depending on
the geographic region—see table 36) than under
the “low” rates (1.0cents to 4.5cents/kWh). Moreover,
under the higher assumed rates, a much greater
proportion of the installed capacity would be high
E/S ratio technologies such as combined cycles
and combustion turbines that would be more
likely to make electricity available to the grid (see
fig. 62). Under the lower assumed rates, the
amount of cogenerated steam was reduced 11
percent relative to the medium case, but the
amount of cogenerated electricity was reduced
by 50 percent (2). Analyses of tax provisions (e.g.,
investment tax credits and accelerated deprecia-
tion), and of subsidized financing (e.g., loan guar-
antees, low interest loans) show a similar but less
substantial sensitivity of cogeneration installation
and electric output to these economic incentives.

PURPA requires that purchase power rates be
just and reasonable to the electric utilities’ con-
sumers and in the public interest, and that they
not exceed the incremental cost to the utility of
generating electricity itself or purchasing it from
the grid (the “avoided cost”). FERC originally set
rates for purchases of cogenerated power under
PURPA equal to the utilities’ incremental cost,
reasoning that only 100 percent avoided cost
rates would simultaneously encourage the fullest
possible development of the cogeneration market
and fulfill the statutory requirements for just and
reasonable rates. However, the FERC rules on
purchase rates were vacated by the U.S. Court
of Appeals in January 1982 on the grounds that
FERC had not adequately justified its choice of
the “ceiling” rate established in the legislation,
when a rate less than 100 percent of the avoided
cost would share the economic benefits of co-
generation with the utilities’ noncogenerating
ratepayers (see ch, 3). The U.S. Supreme court
will review the appeals court decision, but final
disposition of the case (either on appeal or
through revised regulations, if necessary) may not
occur for a year or two.

Figure 62.—Cogeneration Development Under Low,
Medium, and High Utiiity Purchase Rates: 1981.90
(MW)
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ment to buyback rates.

SOURCE: Resource Planning Associates, The Potential for Cogeneration De-
velopment by 1990 (Cambridge, Mass.: Resource Planning Asso-
ciates, July 1981).

Although the full avoided cost rates remain in
effect pending a final decision, many potential
cogenerators (except where State legislatures or
regulatory commissions have instituted full
avoided cost pricing independently of PURPA)
have put their plans on hold as they wait to see
whether, in the long term, it will be economically
feasible for them to export power to the grid—
and, if so, how much—or for them to cogenerate
at all. Furthermore, the uncertainty about future
purchase power rates has chilled the interest of
potential financial backers, who may not be will-
ing to invest in cogeneration projects without firm
long-term purchase contracts with a utility until
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after a ruling by the Supreme Court, and—possi-
bly—then only if the full avoided cost regulations
are upheld.

Whether purchase power rates based on 100
percent of the utility’'s avoided cost are seen as
desirable depends on the policy goal. If the goal
is to maximize cogeneration’s market potential,
for whatever reason, then rates that reflect at least
the full avoided cost are necessary (some States
have instituted even higher subsidy rates to en-
courage cogeneration). In this case, cogeneration
would bean alternative (at least in the short term)
to building new central station powerplants.
However, if the goal is to provide the least cost
electricity supply to the ratepayer, then purchase
power rates based on less than 100 percent of
the avoided cost would share any economic sav-
ings from cogeneration with the utilities’ other
consumers.

As a compromise, the percentage of avoided
cost on which purchase power rates are based
could be determined regionally. In areas where
utilities are heavily dependent on oil and/or are
experiencing demand growth (e.g., the Northeast
and Pacific Coast), rates based on 100 percent
of the short-term marginal cost (usually equivalent
to the cost of oil—see ch. 3) could be instituted
to encourage the fullest development of cogener-
ation. These rates would share the benefits of
cogeneration’s potentially lower capital and inter-
est costs with the ratepayers, but would not pass
on any of the cost benefits attributable to cogen-
eration’s oil savings. Alternatively, rates based on
the full longrun marginal cost (equivalent to the
cost of coal or nuclear capacity, or of advanced
technologies) could share more of the cost sav-
ings with noncogenerating customers. In regions
where the utilities’ full avoided cost is very low,
but cogeneration can provide insurance against
sudden changes in demand, full avoided cost
rates may be justified even though they would
not reduce rates for other customers. But where
utilities are dependent on alternate fuels and
already have substantial excess capacity, cogen-
eration can increase rates to other consumers
(through reduced fixed cost coverage—see ch.
6), and rates at less than the full avoided cost—
perhaps even equal to the cogeneration cost—
may be justified.

A second source of uncertainty in Federal pol-
icies that provide economic incentives for cogen-
eration is the continued availability of tax provi-
sions that reduce the capital cost of cogenera-
tion. The special tax credit for investments in
alternative energy property expires at the end of
1982. A recent study of the economic incentives
for cogeneration found that extending the 10 per-
cent tax credit to 1990 (and making it applicable
to oil- and natural gas-fired systems) could in-
crease net oil savings attributable to cogeneration
from 185,000 bee/day in 1990 to 210,000 bee/
day. If all the fuel economically demanded by the
increased investment were natural gas, the direct
oil savings were estimated to increase from
280,000 to 310,000 bee/day. In addition, the
amount of cogeneration capacity was projected
to increase approximately 11 percent (from
12,800 MW of installed capacity to 14,400 MW)
in 1990. The resulting reduction in tax receipts
(discounted at a 10 percent rate) was estimated
at $1.6 billion (equivalent, in this analysis, to
$1.60/MMBtu, versus the saved oil cost of $5/
MMBtu) (2).

The 1982 expiration of the energy tax credit will
not only reduce the available investment credit
by half, but also may encourage investment in
cogeneration technologies “before their time. ”
That is, advanced cogeneration technologies cur-
rently under development (including evolu-
tionary improvements in existing technologies)
will have greater fuel flexibility, higher E/S ratios,
better operating efficiency, and improved en-
vironmental emissions. Many of these improve-
ments will be ready by the mid-1980’s. Thus, the
continued availability of the energy tax credit
would enable potential cogenerators to wait until
they could select a technology that would max-
imize the oil savings and other benefits of cogen-
eration. In addition, extending the energy tax
credit to 1990 would enhance cogeneration’s role
in an evolutionary fuels strategy, in that a poten-
tial cogenerator could invest in the basic tech-
nology now and still receive the tax credit for a
later addition of fuel flexibility (e.g., a gasifier or
fluidized bed combustor). Finally, availability of
the energy credit after 1982 would allow innova-
tive financing mechanisms to be developed more
fully.
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Similarly, the leasing provisions of the Eco-
nomic Recovery Tax Act have been targeted for
repeal due to the loss in Federal revenues from
their widespread use by corporations seeking tax
shelters. These provisions provide the primary in-
centive for third-party investment in technologies
(e.g., cogeneration) that will contribute to energy
efficiency and increased productivity, and that
may be economically attractive for the user but
for which the capital cost is prohibitive given the
need to invest in process improvements or con-
servation measures. The uncertainty in their con-
tinued availability is chilling third-party invest-
ment, and thus the development of innovative
private financing arrangements, because potential
investors are chary of committing capital without
a guarantee that the needed tax incentives will
be available over the life of the investment. Ad-
ditional analysis is needed to review the tradeoff
between the degree to which tax leasing con-
tributes to investments in increased energy effi-
ciency and productivity, and its effects on Federal
revenues.

Other policy measures that would provide an
economic incentive for cogeneration are options
for subsidized financing. High interest rates pose
a substantial disincentive to debt financing, while
recessionary business trends inhibit equity and
internal financing. Subsidized financing options
such as low interest loans or loan guarantees can
reduce the problems related to the cost and avail-

ability of capital. These options could be im-
plemented through funding for existing programs.
However, Government subsidies for financing
would be difficult to implement given the cur-
rent Federal budget situation. The most effective
way to enhance the investment climate is through
policies that promote general economic recovery,
and which lower interest rates by reducing
inflation.

As an alternative to Government financing sub-
sidies, private subsidies could be offered. For ex-
ample, Southern California Edison offers funding
assistance of up to $100,000 or 20 percent of the
capital cost (excluding installation labor) of their
customers’ cogeneration systems. Similar pro-
grams are offered by some utilities for solar or
conservation investments. The utility’s investment
might be included in the rate base, and the car-
rying costs shared by all the utility’s customers.
Utility involvement could encourage better in-
tegration between cogenerators and utility sys-
tems, and could increase the market potential
because utilities have a broader perspective on
the marginal costs of alternative energy supplies
and because’ subsidized financing could pose an
incentive to more potential cogenerators than tax
credits. However, utility financing is subject to
the same potential drawbacks as utility owner-
ship (see below), and may increase the capital
cost if the utility relies on equity capital for its
financing program.

UTILITY OWNERSHIP OF COGENERATORS

The economic and regulatory incentives estab-
lished under PURPA are granted only to “qualify-
ing facil it ies. * One of the statutory requirements
for qualification is that the owner of a facility not
be “primarily engaged in the generation or sale
of electric power” (other than electric power
solely from cogeneration or small power produc-
tion facilities) (3). The FERC rules implementing
this requirement specify that if an electric utili-
ty, a utility holding company, or a subsidiary of
either holds more than a 50 percent interest in
a cogeneration facility, that facility will not qualify

for the PURPA incentives. It is important to note
that PURPA only limits the extent to which utility-
owned systems can receive an unregulated rate
of return and can price cogenerated electricity
based on the cost of alternate power supplies.
It does not prohibit or restrict electric utility own-
ership or operation of cogenerators, and where
cogeneration is economically attractive relative
to conventional powerplants, utilities are, in some
cases, making the investment. Utility-owned co-
generators also are subject to less attractive treat-
ment under the Energy Tax Act of 1978 because
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public utility property (with the exception of
hydroelectric equipment) is not eligible for the
energy tax credit.

The ownership rule under PURPA and the un-
equal tax treatment of utilities have become con-
troversial for several reasons. Electric utilities ar-
gue that the ownership rule discriminates against
them because it does not apply equally to other
types of utilities (e.g., gas utilities). When com-
bined with the tax provisions, the 50 percent
ownership limitation also means that cogenera-
tors owned by electric utilities may not be as eco-
nomically competitive as facilities owned by other
parties. This is especially disturbing to the elec-
tric utilities, because electricity generation is their
primary business.

Furthermore, it is likely that cogeneration’s
market potential and electricity output would be
much greater if utilities were allowed 100 per-
cent unregulated ownership. A study of the
cogeneration potential in five industries
(representing 75 percent of U.S. industrial steam
demand) found that, of a total technical poten-
tial of 12,800 MW by 1990, 4,000 MW would be
stimulated solely by full utility ownership (2).
Similarly, a study by Arkansas Power & Light
(AP&L) concluded that the industrial cogeneration
potential among 35 high steam load factor cus-
tomers would be approximately 100 MW of elec-
tric capacity under industrial ownership, but up
to 1,700 MW under utility ownership (I). The
primary reasons for the differences in the amount
of cogenerated electricity with utility and nonutili-
ty ownership cited by these analyses are that
utilities would be more likely to choose technol-
ogies with high E/S ratios, and that utilities may
require a lower rate of return and often have bet-
ter access to capital markets than other investors.
As a result of the higher electricity production
(and thus more power available to the grid) and
the better financial position, utilities could find
more projects economically attractive. However,
without the full PURPA benefits—especially an
unregulated rate of return on cogenerated elec-
tricity—utilities would not have so much of an
incentive to invest.

Finally, allowing 100 percent electric utility
ownership under PURPA would lessen utility con-

cerns about competition from cogenerators and
the resulting possibility of reduced fixed cost cov-
erage (see ch. 6). AP&L found that if the 35 like-
ly cogeneration candidates in their service area
had cogenerated in 1981 under industrial or third-
party ownership, AP&L’s revenue loss would
have been almost $40 million in that year (1). This
would mean that rates for their remaining cus-
tomers would have increased as AP&L's fixed
costs would be spread over a smaller number of
customers while their income dropped substan-
tially. Utility ownership would protect against
such revenue losses and rate increases, and could
provide additional revenue streams from steam
sales while reducing the rate of increase in retalil
electricity rates.

As noted above, utility ownership of cogenera-
tors is possible without changes in PURPA or the
tax code. Thus, an electric utility could own reg-
ulated cogeneration capacity, or it could partici-
pate in a joint venture. In either case, some of
the advantages of 100 percent unregulated util-
ity ownership would be available, including the
potential for greater amounts of installed cogen-
eration capacity and greater electricity output
from cogenerators than under industrial or other
private ownership arrangements, and protection
from the adverse effects of competition. How-
ever, joint ventures may be difficult to arrange,
while regulated ownership presents limited finan-
cial incentives for investments in cogeneration
capacity. The regulated rate of return would, in
most States, be the same for cogeneration as for
other types of new powerplants (e.g., coal or nu-
clear) despite the potentially higher administrative
costs and investment risks. Allowing utilities to
compete for unregulated cogeneration capacity
on the same basis as other potential investors
would provide utilities with stronger incentives
and ensure that the full range of benefits of util-
ity ownership would be available. These incen-
tives would be even greater if the tax treatment
were equalized as well.

However, 100 percent utility ownership of co-
generators under PURPA also could have disad-
vantages. The PURPA ownership rule was en-
acted in part out of concern that full utility owner-
ship might have anticompetitive effects on the
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development of and market for cogeneration
technologies. That is, it has been suggested that
utilities could “capture” the cogeneration market
by favoring their own (or their subsidiaries’) proj-
ects through more favorable contract terms, prior-
ity in contracting (and thus potentially higher en-
ergy and/or capacity credits), and less stringent
interconnection requirements. Moreover, due to
the potential for cross-subsidization, utilities’ re-
quired rate of return—even if unregulated—could
be sufficiently lower than other investors’ and
thus allow the utilities a competitive advantage.
In addition, some opponents of unregulated util-
ity ownership have argued that utilities might tend
to favor a limited number of large vendors and
manufacturers, with potentially adverse effects on
small businesses and the development of ad-
vanced technologies.

However, the implementation of cogeneration
technologies by utilities can be protected from
such anticompetitive effects through carefully
drafted legislation and regulations (e.qg., similar
to the parts of the Energy Security Act that
amended the utility provisions of the National En-
ergy Conservation Policy Act), and through tradi-
tional administrative and legal remedies. Alterna-
tively, the question of whether utilities should be
allowed to own cogenerators under PURPA could
be left to the States, with requirements for case-
by-case review of ownership schemes by the State
regulatory commission prior to their implementa-
tion. With carefully drafted legislation and/or
State review programs, it is likely that the eco-
nomic and other benefits of utility ownership
would outweigh the potential for anticompetitive
effects.

INTERCONNECTION REQUIREMENTS

The interconnection requirements for cogen-
eration have become an issue for two reasons:
1) because of the procedures that may be neces-
sary to obtain interconnection, and 2) because
of the uncertainty about the amount and type of
equipment that will be necessary to protect utility
lineworkers and the utility system in general.

As discussed in chapter 3, the original FERC reg-
ulations implementing PURPA required utilities
to interconnect with cogenerators as part of the
general obligation to purchase power from and
sell it to cogeneration facilities. This requirement
was overturned by the U.S. Court of Appeals on
the grounds that PURPA also included provisions
amending the Federal Power Act to establish pro-
cedures for obtaining an interconnection order,
and that PURPA did not exempt cogeneration sys-
tems from this process. Thus, absent a legislative
amendment to PURPA, a cogenerator whose util-
ity is unwilling to interconnect (or a utility who
wants to interconnect with an unwilling cogener-
ator) must apply for a FERC order.

FERC may not issue an interconnection order
under the Federal Power Act unless the commis-
sion determines that the order:

(1) is in the public interest, and

(2) would (a) encourage the overall conserva-
tion of energy or capital, or (b) optimize the
efficiency of use of facilities or resources,
or (c) improve the reliability of any electric
utility system or Federal power marketing
agency to which the order applies, and

(3) is not likely to result in a reasonably ascer-
tainable uncompensated economic loss for
any electric utility or qualifying cogenerator
affected by the order, and

(4 will not place an undue burden on an elec-
tric utility or qualifying cogenerator affected
by the order, and

(5 will not unreasonably impair the reliability
of any electric utility affected by the order,
and

(6) will not impair the ability of any electric util-
ity affected by the order-to render adequate
service to its customers.

Finally, in issuing an interconnection order, FERC
must issue notice to each affected party and af-
ford an opportunity for a full evidentiary hearing
under the Administrative Procedure Act.

The requirements under the Federal Power Act
will be extremely difficult and expensive for a
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cogenerator to meet. Even in well-understood sit-
uations, full evidentiary administrative hearings
entail expenses and delays that can pose a Sub-
stantial disincentive to applying for an order. But
most of the showings listed above are couched
in new, broad language that will have to be con-
strued, first, by FERC and then, in all likelihood,
by the courts. Moreover, in some cases, a cogen-
erator will not have access to the data needed
to make a particular showing, or only will be able
to acquire and analyze the data at great expense.
Thus, these provisions of the Federal Power Act
(as amended by PURPA) pose a substantial deter-
rent to cogenerators that cannot get an electric
utility to interconnect voluntarily—one of the
primary obstacles to cogeneration that PURPA
was intended to remedy.

in adopting revised regulations to implement
the interconnection provisions of the Federal
Power Act, FERC can adopt streamlined proce-
dures that minimize the administrative burden on
the cogenerator or shift that burden to the util-
ity; the act only specifies that the necessary deter-
minations “shall be based upon a showing of the
parties.” However, full relief from the Federal
Power Act procedures can only come through
legislative amendment of the act to specify that
interconnection is required in order to make pur-
chases of power from, and sales of power to, co-
generators, or through independent action by
each of the State legislatures.

The second area of controversy related to inter-
connection is the amount and type of equipment
required. As discussed in chapter 4, special
equipment may be necessary in order to regulate
power quality, meter cogenerators’ power pro-
duction and consumption properly, control utility
system operations, maintain system stability, and
protect utility lineworkers. Given the lack of ex-
perience with power flows from cogenerators to
the grid, utilities are understandably concerned

about proper interconnection. But, with the pos-
sible exception of maintaining system stability,
the interconnection requirements are relatively
well understood, and OTA found no technical
obstacles to proper interconnection. However,
the amount and type of equipment required by
the utility (or the State regulatory commission)
can be a major economic issue, because such
equipment can add substantially to the capital
cost of a cogeneration system. Few guidelines for
interconnection are available (other than those
set by utilities), but research is underway to pro-
vide the needed information, and several groups
are working on interconnection standards (in-
cluding the Institute of Electrical and Electronics
Engineers’ Power System Relaying Committee,
the Electric Power Research Institute, the Jet Pro-
pulsion Laboratory, the Department of Energy’s
Electrical Energy Systems Division, and the Na-
tional Electrical Code). Research to date points
out the need for performance-based standards
that will allow cogenerators to meet functional
criteria rather than requiring them to install partic-
ular types of equipment that might later be found
U necessary.

Better data and additional analysis also are
needed to determine the actual costs of proper
interconnection. Cost estimates obtained through
simulation and other techniques must be verified
on actual systems. The State regulatory commis-
sions should encourage those utilities that have
not done so to prepare guidelines for intercon-
nection, and to update those guidelines as new
data are made available. However, until better
data are available, it is likely that both utilities and
State regulatory commissions will have to review
interconnections on a case-by-case basis to en-
sure that both the potential hazards to the utility
system and the costs to the cogenerator are mini-
mized.

AIR QUALITY IMPACTS

Advocates of cogeneration argue that special
treatment for cogeneration under the Clean Air
Act would enhance its market potential, because
compliance with air quality regulations is cited

by many potential cogenerators as a major im-
pediment. Suggested changes that would remove

this impediment include, first, setting emissions
standards that account for cogenerators’ effi-
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ciency—either by tying the standards to energy
output rather than fuel input or by having sepa-
rate and more lenient standards for cogenerators;
and second, revising new source review proce-
dures under the prevention of significant deterior-
ation and nonattainment area provisions of the
Clean Air Act to automatically credit cogenerators
for reductions in emissions from the separate ther-
mal and electric energy systems they would re-
place. The costs of complying with current air
guality regulations and the potential impacts of
these proposed changes are discussed in detail
in chapter 6 and reviewed briefly here.

Both of these policy changes would significantly
reduce the costs of pollution control for cogener-
ators and thus would increase their economic at-
tractiveness. However, cogeneration’s fuel effi-
ciency does not always lead to reduced emis-
sions, nor does its substitution for two separate
energy systems always produce a net air quality
benefit.

In general, improved fuel efficiency will lead
to reduced emissions from electricity generation
only when a cogenerator replaces an electric gen-
erator of the same size and type. Thus, if the co-
generator involves new technology or fuel substi-
tutions, or a change in scale, the net result may
be an emissions increase. Even if emissions are
reduced, that reduction may occur at a different
location and the cogenerator could still have a
negative impact on local air quality (e.g., reduced
emissions at a rural powerplant but higher ambi-
ent concentrations around an urban cogenera-
tor). Finally, cogenerators may involve a change
in the type of emissions (e.g., reduced sulfur

oxide emissions from a coal burning facility but
increased emissions of potentially toxic diesel
particulate).

Moreover, those technologies that are most
likely to contribute to air quality problems—small
steam and combustion turbines and diesel and
spark-ignition engines—are the least likely to be
controlled. At present, Federal New Source Per-
formance Standards only apply to steam turbines
larger than about 25 MW and gas turbines larger
than around 10 MW. Standards for diesel nitro-
gen oxide emissions were proposed, but with-
drawn. The emissions characteristics of unregu-
lated technologies vary widely among different
engine models, and cogeneration systems must
be carefully designed, sited, and controlled to
avoid adverse air quality impacts. Control tech-
nologies do exist for smaller steam and gas tur-
bines and for diesels, but their effectiveness and
costs also vary widely, and their use currently is
not mandated by Federal law.

As a result of these considerations, there ap-
pears to be little public health or environmental
justification for automatically granting cogenera-
tors relief from air quality regulations. Rather,
such relief might be afforded on a case-by-case
basis to those cogenerators that can demonstrate
air quality benefits. Moreover, the special air pol-
lution problems posed by cogenerators that are
not regulated under the Clean Air Act (either be-
cause of their size or the type of technology) may
require more stringent review by State or local
agencies—a task those agencies may be ill-
-equipped to handle.

RESEARCH AND DEVELOPMENT

Federal R&D support for energy technologies
is in a state of flux and OTA was not able to ana-
lyze the direction of current research and devel-
opment (R&D) efforts for cogeneration and re-
lated combustion systems. Based on OTA’s as-
sessment of cogeneration technologies and op-
portunities, however, it is believed that high
priority should be given to funding or encourag-
ing the development of systems with a low capital
cost and a high E/S ratio that can burn fuels other

than oil and natural gas cleanly. The promising
applications identified in chapter 4 include the
gasification of coal, biomass, or wastes for use
in combustion turbines or combined cycles; fluid-
ized bed combustion systems that can be used
in conjunction with steam or combustion tur-
bines; direct-fired combustion turbines using solid
fuels (pulverized coal or wood); and advanced
technologies such as fuel cells, organic Rankine
bottoming cycles, and Stirling engines.
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Additional R&D also is needed on the effects
of a large number of dispersed generating sources
on utility system stability, and for the develop-

ment of low-cost effective emission controls for
smaller cogeneration systems.

SUMMARY

Federal policy on cogeneration generally en-
courages grid-connected applications that can
save oil or natural gas while promoting the effi-
cient use of economic and electric utility re-
sources and protecting public health and the en-
vironment. In most cases, these policies will have
the intended effects. However, special circum-
stances may mean that some cogeneration appli-
cations could increase oil use, or have adverse
economic impacts on already financially troubled
electric utilities, or lead to local air quality prob-
lems. options for closing these gaps in current
Federal policy initiatives are summarized in table
70. Although some of these options would re-
quire congressional action, most are relatively
easy to implement (i.e., low administrative costs,
few additional regulations).

Cogeneration can make an important contribu-
tion to the Nation’s transition to the efficient use
of fuels other than oil and gas while providing
important economic benefits. But achieving the
maximum benefits from cogeneration—and

avoiding its potential drawbacks—uwill require in-
novation in technologies, financial markets, and
utility management. And, until more experience
is gained with cogeneration under the current
energy, economic, and environmental context,
it will require careful planning. This includes care-
ful selection of cogeneration technologies as well
as careful design and siting to ensure that the
needs of both the thermal energy user and the
local utility are met at an attractive cost and with
minimum environmental impacts. In most cases,
such planning can be achieved easily if early co-
operation among all concerned parties-potential
cogenerators, utilities, and Government agencies
—is secured. Some utilities and State and local
agencies already have initiated cooperative plan-
ning programs designed to maximize cogenera-
tion’s market potential and energy and economic
benefits. Others are bound to follow as soon as
they recognize that such planning is in their inter-
ests.
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Table 70.—Summary of Policy Considerations Related to Cogeneration

Government action required

Options to implement options Potential impact of options Administrative cost
Policy Issue 1: Posslbillty that oil-fired cogeneration would increase Oil use
A. Require oil-fired cogenerators Amend FERC regulations Would not block all of the Potentially high for both
to demonstrate net oil implementing PURPA oil-fired cogenerators FERC and oil-fired
savings in order to qualify that could increase oil cogenerators
for PURPA benefits use; may discourage
some that would save oil
B. Prohibit the use of oil in all Congressional action to Would block all cogenerators Potentially low for
cogenerators unless net oil amend FUA, plus agency that could increase oil use; implementing agency and
savings are demonstrated implementation may discourage some that high for oil-fired
would save oil cogenerators
c. Deny energy tax credits for ~ Congressional action to Would provide further Low for both IRS and
oil-fired cogenerators amend tax code plus IRS economic disincentive to cogenerators
implementation oil-fired cogeneration,
even when it would save
oil
D. Encourage use of natural Same as 1A-C, but in each Would effectively block Agency costs same as
gas instead of oil case specifically allowing oil-fired cogeneration 1A-C, oil-fired
natural gas-fired while providing market cogenerator costs high;
cogeneration incentives to gas-fired; gas-fired low

would complement
existing policies that
encourage conversion to
alternate fuels; could
lock cogenerators into
natural gas use,
increasing supply
pressure over time
E. Oil tax (e.g., import tax Congressional action to Would encourage oil Relatively low

or user fee) amend tax code conservation in, all
markets, provide
additional Federal

revenues
Policy issue 2 Denial of equal benefits for utiiity-owned cogenerators under PURPA and the tax code
A. Allow 100 percent utility- Congressional action to Could: increase cogeneration Low for implementation.
owned cogenerators to amend PURPA plus market penetration and Possibly high for
qualify for PURPA benefits FERC implementation electricity production; monitoring potential
reduce rate of growth in anticompetitive effects

electric rates; improve
financial health of
electric utilities; provide
insurance against
unexpected changes in
demand growth. Also
could have anticompetitive
effects on the
cogeneration market and
on technology
development and
implementation, unless
legislation were drafted
carefully and/or State
review programs were

mandated
B. Allow energy tax credit for Congressional action to Could stimulate utility No greater than for existing
utility-owned cogenerators amend tax code plus IRS investment with same energy tax credit
implementation effects as 2A
Policy issue 3: Tax incentive for investment in cogeneration expires in 1932
A. Extend energy tax credit to  Congressional action to Would provide continued Continuation of workload
1990 amend tax code plus IRS stimulus to investment; under present tax credit
implementation allow time for advanced

technologies to become
commercial
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Table 70.—Summary of Policy Considerations Related to Cogeneration—Continued

Government action required

Options to implement options

Potential impact of options Administrative cost

Policy issue 4 Compliance with air quality regulations is a major impediment to cogeneration development

A. Set emissions standards
that account for
cogenerators’ greater fuel
efficiency

Congressional action to
amend Clean Air Act plus
EPA and State
implementation

B. Revise new source review
procedures to automatically
credit cogenerators for
reductions in emissions
from the separate
technologies they would
displace

Congressional action to
amend Clean Air Act plus
EPA and State
implementation

Would reduce costs-of

Would reduce costs to

Possibly lower than under

emissions control. Could existing regulations

result in net emissions

increase, especially in

urban areas

Would shift costs previously
borne by cogenerators to
already understaffed
State agencies

cogenerator of performing
air quality modeling and
securing offsets. Could
result in net emissions
increase at cogeneration
site

Policy issue 5: Rates for purchases of cogenerated power are uncertain

A. Amend PURPA to set rates
at 100 percent of utilities’
avoided cost

Congressional action to
amend PURPA

B. Revise FERC regulations to FERC implementation
set rates according to
regional opportunities for
oil/gas and cost savings

Would provide major

Same as under present
economic incentive to regulations
cogeneration without

reducing rates to other
utility customers

In some areas would
provide less economic
incentive than 5A, but
would share economic

benefits with ratepayers

Initially slightly higher than
present regulations

Policy Issue 6: Interconnection procedures can pose substantial disincentive

A. Redraft FERC regulations
to shift evidentiary burden
to utilities

B. Amend Federal Power Act
to require interconnection

FERC implementation

Congressional action to
amend Federal Power Act

Would minimize procedural

Would eliminate procedural

Costly for FERC,
burden on cogenerators cogenerators, and utilities
to obtain interconnection

Minimal

burden

Policy issue 7: Interconnection requirements can substantially increase cogeneration capital costs

A. Accelerate research and
encourage utilities and
State regulatory
commissions to establish
performance-based
standards

More aggressive FERC
implementation

Will reduce uncertainty for

Minimal
cogenerator

SOURCE: Office of Technology Assessment.
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Appendix A

Dispersed Electricity Technology

Assessment (DELTA) Model

The DELTA model is a linear programing mathemat-
ical model used to calculate the costs of satisfying elec-
tric, heating, and cooling demands of a particular elec-
tric utility, given the capital equipment in operation
in 1980. The model computes a capacity expansion
plan that minimizes the time-discounted sum of capi-
tal, operating, and fuel costs.

This appendix is divided into three sections: first,
a description of the major assumptions used in the for-
mulation of the model; second, a list of all the vari-
ables and notations used in the model equation set;
and third, the equation-by-equation description.

Major Assumptions and Model
Formulation

All of the major assumptions used in the DELTA
model are described in chapter 5. They are summar-
ized below:

First, the model uses the linear programing type of
mathematical programing in its representation of the
utility system. Second, the model only simulates co-
generation that is connected to the grid. Third, the
model divides the entire commercial sector into three
subsectors corresponding to three types of demand
patterns: multifamily, hospitals/hotels, and 9-to-5 office
buildings. Fourth, the model uses the eight different
types of daily load cycles in its representation of elec-
trical, heating, and cooling demands, Fifth, the model
has two different types of fuel price paths. Sixth, three
different sample utility systems were used. Seventh,
different assumptions were made to represent the vari-
ous technologies, the way they operate, and the finan-
cial structure of the utility region.

As mentioned in chapter 5, the model uses three
types of energy demands—electrical, thermal heating,
and cooling—that must be met by a combination of
electrical and thermal generation. A schematic for the
general structure of the model (for a particular subsec-
tor) is given in figure A-1.

Notation And Variables Used

Each variable (representing particular activities of a
utility) may have up to five subscripts for its mathemat-
ical shorthand. The subscripts are:

N— for each centralized technology type [e.g.,n =1

(baseload), n=2 (intermediate), n=3 (peak-
ing)l;

Figure A-1 . —DELTA Model Structure
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s— for subsector (multifamily, hospitals/hotels,

9-to-S office buildings);

y— for time period (O is 1980, 1 is 1990, 2 is 2000);

d- for the day type (eight different ones, e.g., peak

summer weekend day); and

h— for the hour of the day represented.

For each individual dispersed type of technology
represented and each subsectors and year, day, and
hour y, d, h, we represent the various activities with
the following mathematical shorthand. Power output
is measured in megawatt hours, while capacity is
measured in megawatts. One thermal megawatt is
equal to 3.412 million Btu/hr.

COGsydh is the cogeneration electrical power out-

put in subsector s at time y, d, h.
COC,, is the cogeneration power capacity in sub-
sector s at year y.
TH G,,,, is the electrical heating power generation
in subsector s attime vy, d, h.
THC,, is the electrical heating power capacity in
subsector s at year y.
is the electric air conditioning output in
subsector s at time vy, d, h.

ECD

sydh

283
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ECCsy is the electric air conditioning capacity in
subsector s at year y.

TCD,,,is the thermal (absorptive) air condition-
ing output in subsector s at time y, d, h.

TCCsy is the thermal (absorptive) air condition-
ing capacity in subsector s at year y.

SPHsydh is the thermal heating output in subsec-
tor s in time vy, d, h.

There are also the electrical generation variables,
that are represented for the different types of central-
ized technologies n and time vy, d, h:

ELGnydh is the central electric power generation for
technology n and time y, d, h (measured
in MWh).

ELC,, is the central electric power capacity for
technology n and year y (measured in
MW).

Finally, there are three variables that represent the
thermal storage activities for each subsectors and time
y, d, h:

TOTsydh is the dispersed thermal storage output for

subsectors and time y, d, h (measured in
MWh).

TINsydh is the dispersed thermal storage input for
subsectors and time y,d, h (measured in
MWh).

TECsy is the dispersed thermal storage energy
capacity for subsectors and year y (meas-
ured in MW).

The input and output variables are measured in
megawatts, while the capacity is measured in
megawatt-hours.

The various technological characteristics are abbre-
viated mathematically with the following shorthand:

A.is the availability of equipment of technol-
ogy type n to provide power.

MAN.,.,is the amount of time that technology type
n is out of service for maintenance in year
y and day d.

C(.) is the annual capital cost or operating cost
for each capacity activity variable (.)

DISC,is the real discount factor for both capital
and operating costs.

The three types of energy demands are abbreviated:

ELD,,is electrical demand in time y, d, h.

CLD,,,is the thermal cooling demand for subsec-
tor s in time y, d, h.

HTD,,,is the thermal heating demand for subsec-
tor s in time y, d, h.

The DELTA model is fixed for certain time periods,
with ND,being the number of days per year of day
type d.

Equation Description

As in standard with linear programing-type of for-
mulations, we divide our description of the equations
into two parts: first a description of the objective func-
tion and then the constraints.

Objective Function

The objective function is to minimize the sum of dis-
counted (over the time period of the model back to
1980 dollars) the annual costs of operation and capac-
ity of electric generation, cooling, heating, and the
costs of thermal storage. The mathematical descrip-
tion of the objective function is:

mn £ (DIsC,* §NDd . H L ELGpygp * CELC) +
y=1
:; COGgygp * C(COQC) + :; [THG;ygh * C(THG) + ECDgq4p, *

C(ECD) + TCDyygp, * C(TCD) + TOTyqp * cnom}
+ DISC, ~{nz ELCpy C(ELO) + E [COC,, * C(COQ) + THC,, *

CTHO + ECC,y * C(ECO) + TCC,y " Caco) + TEC,, * C(TEC)]})

Equation Set

There are eight different types of equations in the
DELTA model: electric demands, cooling energy de-
mands, heating energy demands, capacity availability,
thermal storage capacity, thermal storage availability,
reserve margin, and maintenance scheduling.

ELECTRIC DEMANDS

Electric demands must be met in hour h of day type
din each yeary. The electric air-conditioning demand
(ECD) needs to be divided by the air conditioner’s co-
efficient of performance (3.0). Electric demands are
satisfied with centralized generation equipment and
cogenerators:

T ELGpygh + £ COGy,gpz L (ECD;qy/3.0) + ELD gy for ally, d, h.

COOLING ENERGY DEMANDS

For each subsector, the cooling demand CLD must
be satisfied by the output of the electric cooling
devices (ECD) and thermal cooling devices (TCD):

ECDyygh + TCDgygp = CLDg g forall's, y, d, h.

HEATING ENERGY DEMANDS

For each subsector, the combined output of the
thermal generators (THG), cogenerator (COG), and
thermal storage (TOT) must meet or exceed the in-
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puts to thermal storage (TIN) plus heating demands
and thermal cooling devices (TCD). The cogeneration
output is multiplied by the ratio of steam to electric-
ity (1.29) and the thermal cooling output is multiplied
by its coefficient of performance (.67):

THGsydh + (Coc'sydh *1.29) + TOTsydh = T'Nsydh + HTDsydh +

(TCDyy4g/0.67) for all s, y, d, h.

CAPACITY AVAILABILITY

The output of each electrical and thermal generator
must not exceed its available capacity. This available
capacity is defined as 1980 capacity plus additions in
future years minus the amount of capacity removed
for maintenance (MAN). In order to sum up all capaci-
ty additions, the mathematical shorthand uses the
subscript i, ranging from 0 to the value of the year
subscript y. There are five types of equations for
capacity:

Electric capacity:

ELG ydh S Ap” ?}I.‘:O (ELC,y ~ MAN ) foralln, y, d, h
ELC, is set at initial 1980 capacity (input)
Thermal capacity:
THG,,qh < (0.95) * ?‘:0 THC,; forall s, y, d, h
THCsy = 0 for all s (Initial 1980 capacity is set at zero)
Cogeneration capacity:
COGygn = (0.95) * ié=0 COC;foralls, y, d, h

COC, = O for all s (tnitial 1980 capacity is set at zero)

Electric cooling capacity:

y
ECDyq4h = (0.95) * £ o ECC; forall's, y, d, h ECCyy = Oforall s
i=

98-%4%6 0 -~ B3 - 20 : 0L 3

Thermal cooling capacity:
Y
TCDyygh < (0.95) * £ 0 TCC; forall's, y, d, h
1=

TCCyp = Oforalls

THERMAL STORAGE CAPACITY

Thermal storage capacity (TEC) equals or exceeds
daily storage multiplied by the efficiency of the storage
(0.90) for each subsector s:

y
0.90) * E TINggh < i2=0 TEC; for all' s, y, d

THERMAL STORAGE AVAIALBILITY

Thermal energy output must not exceed storage dur-
ing that particular day multiplied by the storage effi-
ciency (0.90):

» 2 d
hE TOTSydh =< (0.90) ETINsydh foralls, y

RESERVE MARGIN

Centralized electric capacity plus cogeneration
capacity equals or exceeds peak demands times 1.20
(@ 20 percent reserve margin):

Y Y
LI (ELC, - MANng) + £ £ COCy = (1.20)°
L (ECDgygn/3.0) + ELDyqgp for peak hours, peak days, and all y
S

MAINTENANCE SCHEDULING

The scheduled maintenance of baseload and inter-
mediate generation capacity equals or exceeds the
scheduled maintenance required annually. Each ca-
pacity type needs to be maintained for 10 percent of
the year, or 876 hours:

y
24 5 (NDq * MAN,, 4) = 876 * L o ELCforallyandn = 1,2
1=



Appendix B
Emissions Changes

A number of analyses of emissions changes caused
by cogeneration have been conducted. All of these
analyses, however, are site-specific and do not illus-
trate the effects of changing critical assumptions, or
they have extrapolated to regional or national emis-
sions changes by using simplifying assumptions about
critical parameters (e.g., the type of fuels “backed
out” of the utilities’ centralized systems) that may be
significantly in error.

The following tables display the emissions attribut-
able to each component in a possible switch from a
system using central station-generated electricity and
a local heat source to a system using cogeneration.
A number of options for the central plant, cogenerator,
and heat source are shown in order to allow a range
of circumstances to be evaluated. Because of the sig-
nificant variation possible in each of the components
(for example, the thermal efficiencies and emissions

Table B-l.—Emissions From Cogenerator Options
8w of

{

Fuel input, Btu|—=-{ Cogenerstor 1 .. 100 kwn, or 341,00 Buu |

Emissions (Ib/100 kWh)

Type Fuel Input Heat captured®Thermal efficiency NO,Particulate CO HC So,b Comment
Diesel .................. 990,000° 350,000° 0.70° 3.43° 0.07' owe 0.10°0.29 Qil, Uric.
2.49° ND 0.64* 0.87°0.02°Dual Fuel, Uric.
2.20" NS NS NS NS NSPS
Gas turbine............. 1,365,000 610,000 0.70" 8 0.03" 0.15"0.05"0.0I" Gas, Unc.
1.2 0.08" 003 005 02 0il, Unc.
0.4° NS NS NS 1.09 NSPS
NSPS steam turbine. . . . .. 2,970,000P 2,000,000P 0.79P 2.08" 0.30° 012 003 3.56° Coal
0.89° 0.30¢ NEG 0.03 2.38q oil
0.59° 0.03 NEG 0.12 0.21 Gas

ND - No data found

NS - No standard

NEG - Negligible

aUnless the cogenerating system has heat storage capability and/or very careful balancing of heat production and actual need, less heat than this will be usefully
captured, the system efficiency will decrease, and the overall emissions balance between cogeneration end the central station power/localbheatiggn source will worsen.

b values for So,are entirely fuel dependent, Essentially 100 percent of the sulfur contained in the fuel is transformed into SO,upon combusti ) )
¢ Based on fuel rate data in Environment Protection Agency, Standards Support and Environmental Impact Statement for Stationary Internal Combustion Engines,

draft, EPA-450/2-78-125a July 1979, assuming 95 percent generator effic"ency.
dTh data sources did not converge on any efficiency value as™best,” but valuesranged from 62 to 80 percent. The major source Of variability appearsto be the amount

of heat captured rather than the total fuel input.
?na--Ann anlas-weighted averages for large-bore diesels, data in EPA, op. cit. (note C).
Environmental Protection Agency, Compilation of Air Pollutant Emission Factors (AP-42), 1978.
OAssumes 0.2 percent sulfur diesel fuel or distillate oll.
hTh.New gource Performance Standard for diesels burning oil or oil/natural gas combinations is 800 ppm of NO,. This is roughly translatable into about 7 grams

_;]J_er horsepower hour, or about 2.2 Ib/MMBtu, personal communication from Doug[las Bell, Office of Air Quality Planning and Standards, Research Triangle Park, N.C.
iThe application of NO, emission controls may have an effect on emissions of other pollutants. Becausé efficiency may decrease somewhat with such controls the

effert on CO and HC may be adverse.
ITotal tuet input and heat captured in a gas turbine cogenerator are extremely variable. Data shown are from ICF, Inc., A Technical and Economic Evaluation of Dis-

persed Electric Generation Technologies, draft final report to OTA, October 19S0, table 3-3. simple-cvcle turbine.
Kibid.aagees With the “typical” turbine In General Accounting Office, Industrial Cogeneration—What it Is,How itWorks, Its Potential, EMD-80-7, Apr. 29, 1960.

IEnvironmental Protection Agency, Standards Support ang Environmental Impact Statement for Stationary Gas Turbines, EPA-450/2-77-017a, September 1877, pp. 3-110,
for “typlcal,” uncontrolled turbines.

MEnvironmental Protection Agency, AP-42, op. cit. (note f). Note that the AP-42 value for NO A A4 1b/MMBtu V. 0.6 Ib/IMMBtu for EPA, OP. cit. (note I)-

NEew data were found. This value applies to g Gg 7821 B combustion turbine, cited in J. A, Taylor, An Air @@/~ Assessment for ICES Options, Argonne National
Laboratory, September 1960, draft.

OThe New Source Performance Standard for gas turbines is 75 ppm of NOy, roughly translatable into about 0.225 to 0.3 Ib/MMBtu, personal communication from Douglas
Bell, OAQPS, RTP, N.C. Table 3-11 in EPA, op. cit. (note 1) equates 75 pm at 15 percent oxygen to 0.3 {b/MMBtu, but the significant variability in fuel rates of gee
turbines implies a range of “Ib/MMBtu"” rates.

pFrom General Accounting Office, 1980, op. cit., (note k), p. 92. Because a steam turbine may be designed to convert anywhere from zero to over 30 percent of its

fuel energy to electricity, these values represent only one possible combination in an extremely broad range.
Q40 CFR 60 subpt. D, NSPS for steamn generators other than utility over 73 MW input. Generators smaller than this size are subject to State implementation plan regulations.

SOURCE: Office of Technology Assessment.
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from a gas turbine or diesel can vary over a fairly wide
range), however, the tables capture only a portion of
the potential variability in emissions balances.

The values Of energy flow and emissions displayed
are normalized to an "electrical output of 100 kiloWatt-
hours. Emission “balances” for particular combina-

tions of cogenerator, central power facility, and local
heat source can be calculated by using the formula:

(net emissions in |bs/100 kWh
of cogenerated power) = (cogenerator emissions, table B-1)
— (central station power emis-
sions, table B-2) — (hot water and

steam emission factor, table B-3)*

(heat captured, table B-l/l O,)

Table B-2.—Emissions From Central Station Power Stations
(to provide 100 kWh of delivered power)

Emissions?, Ib/100 kWh

Type Fuel input NO, Part CO HC SO,
Coal-fired powerpiant, NSPS,

scrubber ... oL 1,100,000 °0.55 0.03 0.04 0.01 1.32’
Oider coal-fired plant, 3°/0 sulfur

10% ash with 95% control,

13,000 Btu/lb . . ... 1,000,000 0.69 0,31 0.04 0.01 4.38
QOil-fired plant, NSPS, low sulfur oii. . 1,000,000 0.30 0.03 0.04 0.01 0.80
Older oii-fired plant, 1 % sulfur. . . . .. 1,000,000 0.70 0.05 0.04 0.01 1.05
Older natural gas-fired plant . . ... ... 1,000,000 0.67 0.01 0.02 0.04 NEG.

Existing gas turbine peaking plants . 1,100,000°0.43 (.66)°0.01 0.12 NEG. NEG. Gas
Existing gas turbine peaking plants . 1,100,000°0.53 (.99)°0.04 0.12 0.04 0.03 Oii
NSPS gas turbine................. 0.3

8Emissions from the following source: 1) Compilation of Air Pollutant Emission Factors, Third Edition, Environmental protection
Agency, August 1977; and 2) Federal Regulations 40 CFR, Part 60, defining New Source Performance Standards for Fossit-
tueled steam-electric powerplants.

he higher heat rate is accounted for by the efficiency 1088 caused by the scrubber.

CAssumes high sulfur coal. Requirement for continuous control systems achieving 70 to 80 parcent efficiency would reduce
SO, emissions to as low as 0.6 Ib/MMBLtu for low to medium sulfur coals.

dAlthough gas turbine rates are quite variable, the larger GE and Westinghouse turbines (over 50 MW) tend to have fuel rates
between 10,500 and and 12,000 Btu/kWh, Environmental Protection Agency, Standards Support and Environmental Impacts
Statement for Stationary Gas Turbines, EPA-450/77-017a, September 1977, pp. 3-46.

©The first values are those given in footnote al. above, the second are “typical” values for a range of turbines given in EPA,
1977, op. cit. (footnote d). An examination of turbine data (Ibid., pp. 3-48) indicates that the larger utility turbines do not ap
pear to emit nitrogen oxides at a lower unit rate than smaller industrial turbines. The larger emissions value is used to con-
struct the emission balances.

SOURCE: Office of Technology Assessment.

Table B-3.—Emissions From Hot Water and Steam Systems (to provide 1,000,000 Btu of usable heat energy)

Emissions, Ib/IO*Btu usable heat
Heat source Fuel input NO, Particulate co HC SO,
Furnace and hot water heater . ... ............ 1,250,000 Btu 0.12 0.01 0.02 0.01 NEG. Gas
0.16 0.02 0.04 0.01 0.24 Oil (.2%S)
NSPS steam boilers. . ....................... 1,250,000 Btu 0.13 0.05 0.01 1.50 Coal
0.37 0.13 0.04 0.01 1.00 Qil
0.25 0.01 0.02 NEG. NEG. Gas
Small (<250 x 10° Btu/hr) industrial boiler . ... 1,250,000 Btu 0.72 0.63 0.10 0.05 3.65 Coal®
0.50 0.19 0.04 0.01 131 Oil (1%S)
0.21 0.02 0.02 NEG. NEG. Gas

all percent ash, 2 percent sulfur, 13,000 Btu/lb, 90 percent particulate control.
SOURCE: Office of Technology Assessment.



Appendix C

Acronyms, Abbreviations, and Glossary

AC
ACRS
AEP
AFB
AFUDC

AGA
APCD
AP&L
APPA
bbl
boe
Btu
CAQCA
CARB
CEC
CEQA
CFC

co
ConEd
CPUC
CWE
CWIP
DC
DELTA

DOE
EIA
EIR

EIS

EPA
EPRI
ERTA
E/S ratio
FERC
FFB
FGD
FUA

g
GW
GWh
HC
hph
IEEE

lou
1P
IRS
ITC
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alternating current

accelerated cost recovery system

American Electric Power Service Corp.

atmospheric fluidized bed

allowance for funds used during
construction

American Gas Association

air pollution control district

Arkansas Power & Light Co,

American public Power Association

barrel

barrels of oil equivalent

British thermal unit

Colorado Air Quality Control Act

California Air Resources Board

California Energy Commission

California Environmental Quality Act

National Rural Utilities Cooperative
Finance Corp.

carbon monoxide

Consolidated Edison Co. of New York

California Public Utilities Commission

Commonwealth Edison Co,

construction work in progress

direct current

Dispersed Electricity Technology
Assessment model

Department of Energy

Energy Information Administration

environmental impact report (required
under CEQA)

environmental impact statement

Environmental Protection Agency

Electric Power Research Institute

Economic Recovery Tax Act of 1981

electricity-to-steam ratio

Federal Energy Regulatory Commission

Federal Financing Bank

flue gas desulfurization

Powerplant and Industrial Fuel Use Act
of 1978

gram

gigawatt

gigawatthour

hydrocarbon

horsepowerhour

Institute of Electrical and Electronics
Engineers

investor-owned utility

Illinois Power Co.

Internal Revenue Service

investment tax credit

JPL

kv
kVAR
kwf
kwh
LAER
Ib
LRMC

i CF
MFBI
MMBD
MMBtu
MSW
MW
MWh
NAAQS
NECPA

NEES
NEPA

NEPOOL
NERC

NGPA
NO
N 0,
N O,
NPDES

NSPS
o&M
OSHA

PFB
PG&E
ppm
Psc
PSD

psi

psia
psig
Puc
PUHCA

PURPA

QF
REA
rpm

Jet Propulsion Laboratory

kilovolt

kilovolt-amperes-reactive

killowatt

kilowatthour

lowest achievable emission rate

pound

longrun marginal cost

meter

million cubic feet

major fuel burning installation

million barrels per day

million Btu

municipal solid waste

megawatt

megawatthour

national ambient air quality standards

National Energy Conservation Policy
Act of 1978

New England Electric System

National Environmental Policy Act
of 1969

New England Power Pool

North American Electric Reliability
Council

Natural Gas Policy Act of 1978

nitrous oxide

nitrogen dioxide

nitrogen oxides

National Pollutant Discharge
Elimination System

new source performance standard

operation and maintenance

Occupational Safety and Health
Administration

pressurized fluidized bed

Pacific Gas & Electric Co,

parts per million

public service commission

prevention of significant deterioration
(of air quality)

pounds per square inch

psi absolute

psi gauge

public utilities commission

Public Utility Holding Company Act
of 1935

Public Utility Regulatory Policies Act
of 1978

qgualifying facility

Rural Electrification Administration

revolutions per minute
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SCF standard cubic foot
SEC Securities and Exchange Commission
SERI Solar Energy Research Institute
SO, sulfur dioxide
So, sulfur oxides
SRMC shortrun marginal cost
SRP Salt River Project
TCF trillion cubic feet
tpy tons per year
TSP total suspended particulate
TVA Tennessee Valley Authority
g microgram
Glossary

Availability: A measure of the frequency of scheduled
outages for generating unit (e.g., for mainte-
nance).

Avoided Cost: The incremental cost to an electric util-
ity of electric energy or capacity or both which,
but for the purchase from a cogenerator or small
power producer, the utility would generate itself
or purchase from another source.

Back-Up Power: Electricity sold to a cogenerator by
a utility during unscheduled outages of the cogen-
erator (e.g., during equipment failure).

Balance of System: The equipment required for a co-
generation system excluding the prime mover
(e.g., combustion chamber, environmental con-
trols, fuel handling equipment).

Blowdown: The effluent from boilers and wet cool-
ing systems.

Bottoming Cycle: A cogeneration system in which
high-temperature thermal energy is produced first,
and then the waste heat is recovered and used
to generate electricity or mechanical power plus
additional, lower temperature thermal energy,

Capacity Factor: The percent of a year that a generator
actually supplies power.

Cooling Tower Drift: The discharge and dispersal of
small droplets of water from wet cooling towers.

Dispatching: Control by a utility from a central loca-
tion of the amount of electricity generated by a
powerplant and of its distribution to the point of
use.

Diversity: The difference in electricity usage patterns
among customers.

Downwash: An aerodynamic wind action that causes
stack plumes to be caught around the stack or
around neighboring buildings.

Dry Controls: Technological air pollution controls that
use a nonliquid control medium.

Dual Fuel System: An engine or boiler that can switch
back and forth from one fuel (e.g., coal) to another
(e.g., oil) with no technological modification and
minimal downtime.

Efficiency: A measure of the amount of energy which
is converted to useful work versus how much is
wasted.

Fuel Use Efficiency for a cogenerator credits the
thermal as well as electric output and is ex-
pressed as the ratio of electric output plus
heat recovered in Btu to fuel input in Btu.

First Law Efficiency reflects the simple percentage
of fuel input energy that is actually used to
produce useful thermal and electric energy,
but does not distinguish the relative value of
the two outputs.

Second Law Efficiency recognizes that electricity
is a much higher quality form of energy than
heat or steam.

Full-Load Electric Etliciency is measured when the
maximum possible amount of electricity is
being produced.

Part-Load Electric Eiliciency is measured when less
than the maximum possible amount of elec-
tricity is being produced.

Electricity-to-Steam Ratio: The proportions of elec-
tric and thermal energy produced by a cogenera-
tor, measured in kilowatthours per million Btu of
useful thermal energy.

Fumigation: When plumes from either tall or short
stacks are forced to ground level by meteorologi-
cal conditions.

Harmonic Distortion: The production in a power sys-
tem of one or several frequencies that are multi-
ples of the basic power frequency of 60 cycles per
second.

Heat Exchanger: A mechanical device that transfers
waste heat from one part of a system (e.g., the
turbine) to another medium (e.g., water) for proc-
ess use.

Heat Rate: A measure of the amount of fuel used to
produce electric and/or thermal energy.

Total Heat Rate refers to the total amount of fuel
(in Btu) required to produce 1 kilowatthour
of electricity with no credit given for waste
heat use,

Incremental Heat Rate is calculated as the addi-
tional (or saved) Btu to produce (or not pro-
duce) the next kilowatthour of electricity.

Net F/eat Rate (also measured in Btu/kWh) credits
the thermal output and denotes the energy
required to produce electricity, beyond what
would be needed to produce a given quanti-
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ty of thermal energy in a separate facility (e.g.,
a boiler).

induction Generator: A rotating machine in which
current supplied by an external alternating cur-
rent source such as the electric power grid, in-
duces a voltage and current in the rotating part
of the machine.

Interest Coverage Ratio: The ratio of a firm’s earnings
to its current interest obligations.

Interruptible Power: Energy or capacity supplied by
a utility to a cogenerator that is subject to inter-
ruption by the utility under specified conditions
and is normally provided at a lower rate than non-
interruptible service if it enables the utility to re-
duce peakloads.

Inverter: A device for converting direct current to al-
ternating current.

Load: The demand for electric or thermal energy at
any particular time.

Base Load is the normal, relatively constant de-
mand for energy on a given system.

Peakload is the highest demand for energy from
a supplying system, measured either daily,
seasonally, or annually.

Intermediate Load falls between the base and
peak.

Load Factor is the ratio of the average load over
a designated time period to the peak load oc-
curring during that period.

Load Cycle Pattern is the variation in demand over
a specified period of time.

Maintenance Power: Energy or capacity supplied by
a utility during scheduled outages of a cogenera-
tor or small power producer—presumably sched-
uled when the utility’s other load is low.

Market Potential: The number of instances in which
a technology will be sufficiently attractive-all
things considered—that the investment is likely to
be made.

Market-to-Book Ratio: The ratio of the market price
of a firm’s stock to its book value,

Negative Load: A technique by which utility system
controllers subtract the power supplied to the grid
by customer-operated generating equipment from
the overall system demand and dispatch the util-
ity’s generating units to meet the remainder of the
demand, rather than dispatching customers’
equipment.

Parallel Operation: The automatic export to the utility
grid of customer-generated electricity not con-
sumed by the customer’s load, such that the same
circuits can be served simultaneously by custo-
mer—and utility-generated electricity.

Payout Ratio: The ratio of a firm’s earnings to its divi-
dends.

Power Factor: A measure of the phase difference be-
tween the voltage and current maximums on an
electrical circuit.

Prime Mover: The turbine, engine, or other source
of mechanical power that is used to turn the rotor
of a generator.

Purchase Power: Customer-generated electricity sup-
plied to the grid and purchased by a utility.
Quad: One quadrillion British thermal units (Btu) (ap-

proximately 500,000 barrels of oil per day for 1

year, or 50, 000, 000 tons of coal).

Qualifying Facility: A cogenerator or small power pro-
ducer that meets the requirements specified in the
Public Utility Regulatory Policies Act of 1978-in
the case of a cogenerator, one that produces elec-
tricity and useful thermal energy for industrial,
commercial, heating, or cooling purposes; that
meets the operating requirements specified by the
Federal Energy Regulatory Commission with re-
spect to such factors as size, fuel use, and fuel effi-
ciency); and that is owned by a person not primar-
ily engaged in the generation or sale of electric
power (other than cogenerated power).

Rankine Cycle: The thermodynamic cycle which de-
scribes the operating cycle of an actual steam
engine.

Rate Base: The net valuation of utility property in serv-
ice, consisting of the gross valuation minus ac-
crued depreciation.

Regenerator: A device used in a turbine or engine to
preheat incoming air or gas by exposing it to the
heat of exhaust gases.

Relays: Devices by means of which a change of cur-
rent or a variation in conditions of an electric cir-
cuit causes a change in conditions of or operates
another circuit.

Over/Under Relays are used to disconnect a gen-
erator if its voltage falls outside of a certain
range.

Reliability: A measure of the frequency of scheduled
and unscheduled outages of a generating unit
(e.g., due to equipment failure).

Self-Excitation: The continued operation of induction
generators when disconnected from the outside
power source.

Simultaneous Purchase and Sale: When a utility pur-
chases all of the electricity generated by a cus-
tomer at avoided cost rates and sells power to the
customer at retail rates; in practice, no actual
transmission of power to or from the customer
may take place and the amounts “purchased”
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and “sold” are calculated from the customer’s
meter.

Supplementary Power: Capacity required by a cogen-
erator or small power producer in addition to its
own.

Switchgear: All of the necessary relays, wiring, and
switches that are used in interconnection equip-
ment.

Synchronous Generator: A prime mover (e.g., tur-
bine, engine) in which the rotor current comes
from a separate direct current source on the gen-
erator.

Synthesis Gas: A synthetic gas created from a solid
or liquid fuel with an energy content of 300 to 400
Btu/SCF.

System Stability: The ability of all generators supply-
ing power to a utility system to stay synchronized
after a disturbance (e.g., a fault on part of the
power system).

Technical Potential: The number of instances in
which a technology is technically suitable or ap-
propriate.

Telemetry Equipment: Used in dispatching to transmit
signals from a control center to electrical equip-

ment (e.g. a generator) in the field in order to re-
motely operate that equipment.

Topping Cycle: A cogenerator in which the electric
or mechanical power is produced first, and then
the thermal energy exhausted from power pro-
duction is captured and used.

Transformer: A device for increasing or decreasing
the voltage of an alternating electric current.
Dedicated Distribution Transformers: These units
connect a single large utility customer directly to
a higher voltage distribution line, substation, or
transmission network in order to confine voltage
flicker problems to the customer’s own system.

Urban Meteorology: The conditions surrounding ur-
ban buildings that alter normal dispersion of emis-
sions.

Voltage Flicker: Very brief (less than 1 minute)
changes power system voltages.

Waste Heat: Thermal energy that is exhausted rather
than being captured and used.

Wet Controls: Technological air pollution controls
that operate through the injection of water or
some other liquid.
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Aerospace Research Corp., 145, 207

air-conditioning demand, 54

air pollution control districts (APCDs), 102, 103, 104,
243, 244, 245

Air Pollution Emission Notice (APEN), 101, 102, 244, 245

Alabama, 41, 86, 177, 182

Alaska, 57, 182

Alaska Power Administration, 57

American Electric Power Service Corp. (AEP), 80, 83,
84, 85, 178

American Gas Association (AGA), 189, 190, 196

American Public Power Association (APPA), 150, 159

anaerobic digestion, 13, 215

Arizona, 41, 182

Arkansas, 40, 41, 57, 86, 177, 182

Arkansas Power & Light Co. (AP&L), 109, 183, 258, 274

avoided cost, 39, 40, 41, 79, 80, 81, 82, 98, 99

Babcock & Wilcox, Ltd., 178

Bonneville Power Administration, 56

Bureau of Land Management (BLM), 243, 244
Bureau of Reclamation, 56, 57

California, 12, 32, 33, 40, 41, 81, 86, 90-94, 95, 96, 97,
101, 102, 103, 104, 111, 174, 182, 189, 190, 191,
205, 214, 242, 243, 244, 245, 256, 257

California Air Resources Board (CARB), 102, 104, 235, 244

California Energy Commission (CEC), 90, 91, 104

California Office of Permit Assistance, 102, 104

California Public Utilities Commission (CPUC, 90, 91,
92, 93, 94, 104, 154, 156, 256

California State Clearing House, 103

California Water Resources Control Board, 102

capital requirements, 33, 42, 65, 106

carbon monoxide (CO), 223, 224, 230, 237

Celanese Chemical Co., Pampa, Tex., 172, 173

coal, 144

cogeneration technologies

air quality considerations, 17, 21, 43, 44, 70, 100,
101, 102, 103, 221, 222-246, 276-277

bottoming cycles, 6,8,9,25,27,29,30,33, 77, 122, 175

capacity, 199

capital requirements, 33, 42, 65, 106

centralization and decentralization, 261

choice of equipment, considerations of, 8

classification, 6

closed-cycle gas turbine, 6, 8, 9, 30, 120, 121, 122,
127-129, 239

combined gas turbine/steam turbine, 8, 9, 28, 120,
121, 122, 129-131, 235

competition with alternate systems, 31-32, 35

construction labor requirements, 42

definition, 25

diesel, 8, 9, 28, 44, 77, 120, 121, 122, 131-133, 225,
230, 237, 238,

digesters, 13, 215

economic considerations, 19, 27, 38, 40, 67, 181,
246-259, 270-273

efficiency and operating standards, 77

electric storage, 161-163

electricity-to-steam (E/S) ratio, 8, 11, 21, 28, 117,
120, 124

environmental considerations, 16-17, 21, 35, 43-44,
70, 77, 100, 101, 102, 103, 221, 222-246

environmental permit enforcement, 242-246

equipment needed, consideration of, 8

Federal and State regulation, 76-104

final environmental impact statement (FEIS), 78

financing and ownership, 104-112, 182-183

fluidized bed combustion, 31, 32, 35, 142-143, 177, 239

four general questions, 5

fuel cell, 6, 8, 9, 30, 120, 121, 122, 137-139

fuel use, 8, 10, 11, 13, 15, 19, 25, 27, 28, 29, 31, 33,
34, 43, 44, 71, 72, 77, 99, 123, 130, 142-146, 171,
172, 173, 174, 175, 182, 194-196, 206, 213, 223,
238, 258, 259

gasifiers, 13, 21, 31, 32, 143-144, 175-177, 214, 258

grain drying, 211

impacts of, 15-18, 40-42, 43-44

incentives, 10, 19, 20, 35, 38, 39, 40, 41, 67, 107

in commercial buildings, 12, 32, 34, 189-210

industrial applications, 171-178

industrial opportunities, 32-34, 171-188

investment competition, 10

joint ventures, 39

labor requirements, 17, 42, 251, 253

market potential, 10, 38, 184-188, 248, 272

municipal solar utility (MSU), 111

municipal solid waste (MSW), 110, 144, 241, 257

obligation to purchase power, 78

oil savings, 18-19, 25, 267-270

old and proven technology, 3

open-cycle gas turbine, 8, 9, 28, 30, 120, 121, 122,
124, 125, 145

operation and maintenance (O&M) costs, 9, 17, 18,
42, 121, 124, 127, 132, 133, 136, 139, 142, 250,
251, 252, 254

opportunities, 11-13, 34, 198-208

policy considerations, summary of, 18, 279

potential for, 10, 29-31, 178-184, 211

previous studies, 189-190

principal technical advantage, 6

qualifying facilities, 78-85

Rankine cycle, 6, 8, 9, 28, 29, 30, 32, 117, 120, 121,
122, 133-137

regulation of fuel use, 99

relative efficiencies (fig. 2), 7

research and development (R&D), 21, 29, 31, 277

resurgence of interest, 3, 25

retrofits, 33, 202-205

rural opportunities, 13, 210-216

steam turbine, 8, 9, 10, 27, 28, 32, 120, 121, 122,
123, 124, 171, 174

Stirling engine, 6, 8, 9, 30, 31, 120, 121, 139-142

summary of, 8, 120

tax credit and incentives, 19, 20, 34, 38, 67, 68, 69,
105, 106, 109, 183, 272
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thermal storage, 159-161
thermodynamic efficiency of, 118-119
topping cycles, 6, 9, 25, 26, 29, 30, 31, 77, 122
use of thermal energy, 25, 31, 32, 33
Colorado, 41, 101, 102, 103, 104, 182, 242, 243, 244, 245
Colorado Department of Health, 242, 243
Columbia River Basin, 56
Commonwealth Edison (CWE), 94-95, 256, 257
comparison of energy demand projections (table 8), 50
ConEd (see Consolidated Edison Co.)
Congress
House of Representatives
Banking, Finance, and Urban Affairs Committee, 5
Energy and Commerce Committee, 5
Science and Technology Committee, 5
Senate
Energy and Natural Resources Committee, 5
Connecticut, 40, 41, 86, 98, 182
conservation, 33, 35, 50, 70
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