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B-196761 *D~~iU.if

To the President of the Senate and the
Speaker of the House of Representatives

'4 is is a report on the role that cogeneration can play
in our Nation's efforts to conserve valuable energy resources.
The cogeneration of power and heat can be employed by both
industry and utilities. Since these two sectors account for
about half of the fuel consumed in the United States, their
acceptance of this technology can assist in accomplishing
the national goals of using fuels more efficiently and de-
creasing the use of imported fuels.

This study was undertaken because of indications that
the private sector faces many constraints which limit the
acceptance of cogeneration technology. Moreover, the Federal
Government is one of the influential forces which can encour-
age greater acceptance of cogeneration. This report sets
forth the characteristics of cogeneration, the factors in-
volved in its application, and the policy option and strategy
which we believe should be considered by Federal and State
agencies to encourage greater cogeneration development. The
report recognizes that cogeneration is very complex and in-
terrelated with other issues such as economics, fuel availa-
bility, and environmental considerations.

The report will be useful to the Congress, the execu-
tive branch, State agencies, and private industries and
utilities in working together to overcome the constraints
that cogeneration faces. We are also aware that several
Congressmen have expressed interest in the subject, and there
is an indication that some are interested in moving forward
with legislation in this area.
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We are sending copies of this report to the Secretary
of Energy; the Secretary of the Treasury; the Administrator
of the Environmental Protection Agency; the Chairwmn of the
Federal Energy Regulatory Commission; State agencies; private
sector organizations; and to the chairmen of energy-related
congressional committees.

Comptroller General
of the United States
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COMPTROLLER GENERAL'S INDUSTRIAL COGENERATION--WHAT
REPORT TO THE CONGRESS IT IS, BOW IT WORKS, ITS

POTENTIAL

DIGEST

Cogeneration, the combined production of
electrical or mechanical power and process
heat, can contribute to this Nation's ,
efforts to use fuel more efficiently.

Briefly, in a common cogeneration configu-
ration, fuel is burned to produce high-
temperature steam which is expanded through
a turbine to generate electricity. After
passing through the turbine, the reject
steam is then used in industrial applica-
tions as process steam.

--oraust
Fuel

Water

Because of the energy required to generate
electricity, more fuel is consumed in a co-
generation system than in producing process
steam alone. However, the total fuel re-
quired to produce both power and process
steam in one system is less than the total
fuel required to produce the same amount of

IfaL.Sb Upon removal, the report
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power and steam in separate systems.
Cogeneration systems and components must
be selected for compatability with the in-
dustrial processes which they complement,
necessitating selection on a site-by-site
basis. (See ch. 2.)

POTENTIAL ROLE IN CONSERVING ENERGY

To determine the possible effects of vari-
ous levels of cogeneration on our Nation's
energy system, GAO analyzed four scenarios
for the paper and pulp, chemical, and
petroleum refining industries. The scenar-
ios assumed cogeneration development from
the status quo to the maximum amount tech-
nically possible and showed that the tech-
nology could be a valuable conservation
measure.

The potential energy savings and the types
of fuels which would be saved depend highly
on Federal energy policies, the technology
used, and the fuel use patterns within in-
dustry and utilities. Taking these factors
into consideration, it would be reasonable
to expect that, for the three industries,
the equivalent of 228,000 to 354,000 barrels
of crude oil per day would be saved in 1985.
The maximum expectation of energy savings1in the.year 2000 would approximate 945,000
barrels of crude oil per day. (See chs. 3

and 4.)

Interest in cogeneration is increasing; how-
ever, there are many risks and uncertainties
associated with its acceptance. These risks
and uncertainties can be categorized as tech-
nical, economic, environmental, regulatory,
and institutional. It will take a concerted,
cooperative effort on the part of industry,
utilities, and State and Federal Governments
to settle or at least somehow deal with these
issues, if cogeneration is to play a signi-
ficant role in the Nation's energy conserva-
tion efforts. (See chs. 2 and 5.)
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HOW TO FOSTER ITS DEVELOPMENT

A coherent Federal policy consistent with
State and regional interests should be devel-
oped to encourage coal and other alternate
fuel use for cogeneration with a controlled
shift away from oil and natural gas. This
policy should be consistent with the Power-
plant and Industrial Fuel Use Act of 1978
which promotes the use of coal and other
alternate fuels by major fuel-burning in-
stallations, but recognizes that oil and
natural gas use may sometimes be desirable,
such as with cogeneration applications.

A strategy for carrying out this policy
would classify cogenerators by their size
and type of fuel use. The objective would
be to encourage coal and other alternate
fuel based cogeneration by large facilities
and provide for some of the freed up oil
and natural gas from these facilities to be
used for cogeneration by small and medium
sized facilities that can only economically
use oil or natural gas. By linking the fuel
savings from large facilities to the oil and
natural gas needs of smaller facilities, co-
generation, with State and regional fuel use
monitoring, can be made more universally
attractive without fear of increasing im-
ported fuels.

A policy that permits oil and natural gas-

based cogeneration in smaller facilities is
particularly relevant for the short term,

nate fuel based cogeneration technologies
become commercially available after the
short term, as predicted, the policy could
be revised accordingly. This approach would
be consistent with the national objectives
of decreasing overall energy consumption,
burning fuels more efficiently, and decreas-

- I ing our use of imported fuels.

The development of a policy, and strategy
that is consistent with State and regional
interests must take into consideration
several important attributes. It should:
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--seek to balance oil and natural gas sav-
ings with overall energy savings;

--recognize regional differences regarding
fuel use and fuel availability and ensure
regional equity in benefits and costs;

--be based upon reasonable expectations of
cogenerat ion development;

--balance Federal expenditures for financial
incentives in support of cogeneration and
expected national benefits from cogenera-
tion; and

--be based upon the need to get all inter-
ested parties--industry, utilities, and
Federal and State agencies--actively in-
volved in the development of cogeneration.
(See ch. 6.)

RECOMMENDATIONS

The Secretary of Energy should, in consulta-
tion with other interested parties:

--Establish a cogeneration policy and stra-
tegy as outlined above. This would pro-
vide a framework around which responsible
bodies, such as the Economic Regulatory
Administration and the Federal Energy
Regulatory Commission, could promulgate
rules and regulations to encourage cogen-

:1 I eration development. Among other things,
the policy should encourage coal and al-
ternate fuel use, but recognize that oil
and natural gas use may be necessary for

*small and medium facilities in the short
term. To implement this policy, cogener-
ators should be classified into user class-
es designated by fuel input rates and by
fuel use requirements.

* --Specify oil and natural gas use goals
H within overall energy conservation goals

for cogeneration by 1985, 1990 and 2000.
These goals should recognize the need for
small and medium sized facilities to use
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oil and natural gas for cogeneration dur-
ing the transition period to renewable
resources, and consider the oil and nat-
ural gas savings expected from coal and
other alternate fuel based cogeneration.

--Establish guidelines for monitoring oil
and natural gas use goals for cogeneration.
These guidelines should provide instruc-
tion to States for assessing the fuel use
of each proposed cogeneration facility.
The States could then determine the effects
of cogeneration by user classes on State
energy consumption. The guidelines should
also provide for the Department of Energy
regions to collect and aggregate the State
energy consumption data. (See pp. 68
and 69.)

RULES AND REGULATIONS TO
SUPPORT THE NATIONAL POLICY

The National Energy Act contains several
provisions intended to foster cogeneration
development. These provisions include
authorization for exemption of cogenerators
from prohibitions on the use of oil and nat-
ural gas, nondiscriminatory utility rates,
exemption from public utility regulation,
exemption from incremental natural gas pric-
ing, and a possible additional 10-percent

El investment tax credit.

GAO's analyses indicate that while select-
ive incentives can influence cogeneration's
acceptance, the incremental amount of energy

* I savings occurring as a result of these in-
centives is small. Considering the magni-
tude of energy savings, GAO believes that
Federal expenditures to support cogeneration
development should be balanced against the
expected national benefits to be derived.

For example, the analyses indicate that taxF. credits would add to the economic attrac-
F tiveniess of cogeneration. However, a 10-

percent tax credit for complete cogenera-
tion systems would not, in itself, be suf-
ficient to encourage general acceptance of
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cogeneration. Further, the Department of
the Treasury has estimated *that the 10-
percent tax credit, if applied, would cost
the Government about $500 million in
revenues. Considering the cost, in compar-
rison to the small additional cogeneration
resulting from this financial incentive,
GAO believes that the Federal Government
should concentrate on the other incentives,
such as regulatory and institutional reforms,
which are provided for in the National
Energy Act.

A Federal policy, such as outlined above,
can provide a framework for regulatory
bodies to carry out the provisions of the
act. The rules and regulations being devel-
oped by the Economic Regulatory Administra-
tion, the Federal Energy Regulatory Commis-
sion, and the Department of the Treasury to
carry out the provisions of the act should
be structured to support the national cogen-
eration policy. (See ch. 6.)

RECOMMENDATIONS

The Administrator of the Economic Regulatory
Administration should:

--Establish a rule for industrial cogenera-4 tion facilities that will set a size limi-
tation, in terms of a fuel input rate, on
those facilities eligible for the cogenera-
tion exemption, thus allowing oil and nat-
ural-gas use by small and medium sized facil-
ities. This rule should be based on the cate-
gories of user classes as designated by the
Department of Energy in the cogeneration pol-

* icy. The user classes would be required to
use certain types of fuel according to size.

--Expand the cogeneration exemption, in
accordance with the categories of user
classes, to include also those petitioners

* with large facilities that cannot use coal
or other alternate fuels. This exemption
should give recognition to regional dif-
ferences which include access to coal or
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alternate fuels and environmental problems.
(See p. 69.)

The Commissioners of the Federal Energy
Regulatory Commission should:

--Include, as part of their requirements
for qualifying cogeneration facilities,
a provision which requires industrial co-
generators to provide a means for main-
taining fuel-efficient operations to the
greatest extent possible. It is particu-
larly important that this rule be made
applicable to those industrial cogenera-
tors who will obtain exemptions from the
incremental natural. gas pricing provisions
of the Natural Gas Policy Act of 1978.
(See p. 73.)

--Ensure that the rules adopted to establish
just and reasonable rates for the sale of
power to and the purchase of power from
qualifying cogeneration facilities are
fully implemented by State regulatory au-
thorities and nonregulated electric
utilities. (See p. 75.)

--Clarify the regulatory status of cogenera-
tion facilities by (1) adopting their pro-
posed rules which define a qualifying
cogeneration facility as one which is not
composed of more than 50 percent electric
utility ownership and (2) ensuring that the
rules which exempt qualifying facilitiesI from certain Federal and State laws and
regulations are properly implemented.
(See p. 76.)

--Develop rules which specify, in terms of
user classes, the exemption of qualifying
cogeneration facilities from the incre-
mental natural gas pricing provision.
These rules should be consistent with the
rules developed by the Economic Regulatory
Administration for the exemption of cogen-
erators from the Powerplant and Industrial
Fuel Use Act. (See p. 77.)

XAK.ShM vii
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The Secretary of the Treasury should, in
consultation with the Secretary of Energy:

-- Establish, for the short term, a regula-
tion which specifies that cogeneration
systems would not be eligible for the
10-percent investment tax credit under
the provision for specially defined
property in the Energy Tax Act of 1978.

--Assess the impact and benefits that any
Government financial incentives may have
on cogeneration development before any
such incentives are established for the
long term. (See p. 79.)

OFFICE NEEDED TO OVERSEE
COGENERATION ACTIVITIES

Because of the many issues affecting the
acceptance of industrial cogeneration and
the numerous organizations within both the
public and private sectors that are in-
volved in these issues, GAO believes an
office should be designated within the
Department of Energy to serve as an over-
seer and coordinator for all cogeneration-
related activities. (See p. 80.)

RECOMMENDATION

The Secretary of Energy should designate one
office to be responsf..le for overseeing co-
generation-related activities. It should
also be responsible for identifying and as-
sessing the efforts being made to eliminate
cogeneration constraints. (See p. 82.)

AGENCY AND PRIVATE
ORGANIZATION COMMENTS

A draft of this report was provided to the
Department of Energy, the Federal Energy
Regulatory Commission, the Department of
the Treasury, the Environmental Protection
Agency, and 12 private organizations and
individuals for their review and comment.
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The comments received indicated that, gen-
erally, the report reflects a comprehensive
effort to address and analyze the complex
issues affecting industrial cogeneration.

The Department of Energy felt that the
policy and the implementing strategy to
encourage cogeneration development are
reasonable. However, the Department did
not agree with all of our recommendations;
for example, see pages 70 and 81. The
Federal Energy Regulatory Commission staff
stated that the report is a useful sum-
mary of cogeneration and its analysis of
potential fuel consumption changes which
could result from several scenarios is
a significant addition to previously
available information. The Commission
felt that the report should be consid-
ered in its analysis of the complex issues
involved in developing rules for implement-
ing various provisions of the National
Energy Act which pertain to cogeneration.
In order to comply with the requirements
for notice and comment of rulemaking, the
Commission requested approval for the draft
report to be placed in its public files and
made available for public inspection. This
request was approved.

Although the Treasury Department had no
comment on the tax issueI the Department
of Energy stated its preference for a tax
credit.. Of the six industries who commented
on this issue, three favored a tax credit,
while the remaining three agreed with GAO's
position that a 10-percent tax credit would
not encourage general acceptance of
cogeneration.

GAO considered the comments and, where appro-
priate, made changes. Specific comments are
also reflected throughout the report.

Taral..bs ix
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GLOSSARY

available heat The amount of heat produced
in a combustion process--
burning fuel mixed with air.

baseload The minimum load in a power
system over a given period of
time.

British thermal unit The amount of heat energy neces-
(Btu) sary to raise the temperature of

1 pound of water by 1 degree
Fahrenheit.

capacity Maximum power output, expressed
in kilowatts or megawatts.

demand 1. In an economic context, the
quantity of a product that
will be purchased at a given
price at a particular point
in time.

2. In a public utility context,
the rate at which electric
energy is delivered to or
by a system, expressed in
kilowatts, megawatts, or
kilovoltamperes over any
designated period.

fossil fuels Coal, oil, natural gas, and
other fuels originating from
fossilized geologic deposits
and depending on oxidation for
release of energy.

generator (electric) A mechanism which converts
mechanical energy to electrical
energy.

gigawatt One million kilowatts.

grid A network of conductors for dis-
tribution of electric power.

kilowatt (kW) One thousand watts.



kilowatt-hour (kWh) A common unit of electricity
consumption representing the
total energy developed by
a power of 1 kilowatt applied
for 1 hour.

load The amount of electric power
delivered to a given point on
a system.

megawatt (MW) A million watts or 1,000 kilo-
watts, and is used to measure
the amount of electricity that
can be produced by a facility
at any one time.

peaking Operation of generating facil-
ities to meet maximum instan-
taneous electrical demands.

peaking capacity Generating equipment normally
operated only during the hours
of highest daily, weekly, or
seasonal loads. Some generat-
ing equipment may be operated
at certain times as peaking
capacity and at other times
to serve loads on a round-the-
clock basis.

power Either mechanical or electrical,

generated by the combustion ofPfuels either under boilers to
drive steam turbines or inside

0 an engine such as a diesel or
gas turbine.

process heat Heat transferred from combus-
tion gases applied either in
direct contact with the material
being transformed, as in ovens
and kilns, or indirectly applied
through a carrier medium, such
as air or steam, as for drying
purposes.

reject heat The energy released after the
conversion of energy into use-
ful power or process heat.
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thermodynamics Physics that deals with rela-
tions between heat and mechani-
cal energy, and the conversion
of one into another.

turbine An engine that converts energy
in the form of heat and pres-
sure into mechanical power of
rotating motion.

waste heat Reject heat which, because of
its poor quality or for economic
reasons, is not feasible for
further use and becomes lost to
the environment.
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CHAPTER 1

INTRODUCTION

Electric utilities and private industry together con-
sume about half of all the fuel used in the United States.
Utilities account for 29 percent of the Nation's energy use,
mainly through the combustion of fuels in central power sta-
tions generating electricity. Due to the laws of thermo-
dynamics, even the most modern electric generating plant
exhausts almost two-thirds of the available energy as low
temperature heat. For the most part, this heat is not now
productively used, and thus is considered waste heat. At the
same time, about 13 percent of the Nation's fuel is consumed
to produce industieial process steam. Although industrial
energy conversion processes are more efficient, achieving 60
to 80 percent efficiency, they may not effectively use the
high temperatures available with combustion. For example,
industries can burn fuels exceeding temperatures of 3,000
degrees F for applications that require temperatures of
around 400 degrees F. In 1975, waste heat from these two
sources, electricity generation and process steam production,
amounted to the energy equivalent of over 7 million barrels
of oil a day.

One way to use this waste heat is through cogeneration--
the combined production of power, either mechanical or elec-
trical, and useful thermal energy such as process steam.
Expressed differently, the reject heat of one process becomes
the energy input into a subsequent process. The combining
of these two normally separate processes through cogeneration
is illustrated in figure 1-1. The figure compares conven-
tional and cogeneration systems and their fuel use when pro-
ducing equal amounts of electricity and industrial process
steam. As illustrated, the conventional steam and electrical
systems need more fuel than does a cogeneration system to
produce the same amount of energy.

Historically, without reliable utility service, most
industrial plants generated their own electricity and process
steam, although not necessarily by cogeneration. In 1950
industrial generation provided 15 percent of the total U.S.
electricity supply. In the last 20 years, however, increas-
ingly efficient and reliable utility powerplants, coupled
with the availability of relatively inexpensive oil and gas
fired boilers for making industrial process steam, have kept
steam production in industry and have shifted electricity
generation to utilities. Currently, industrial generation
provides only about 4 percent of the Nation's electricity.



Energy considerations have now changed. Industry and
utilities are being strongly affected both by the scarcity
of fuels and by rising energy prices. Because of its fuel
savings potential and other benefits, interest in cogenera-
tion as an energy conservation measure has been renewed. A
number of Federal efforts have been directed at assessing
and promoting cogeneration in industry. These efforts have
included funding studies, 1/ promoting cogeneration through
various National Energy Act (NEA) 2/ incentives, creation of
an Interagency Cogeneration Task Force and a Department of
Energy (DOE) Commercialization Task Force, and sponsoring
cogeneration research, development, and demonstration
projects.

The three major studies of cogeneration's potential
undertaken by private contractors for the Federal Govern-
ment agree that energy savings is only one of the benefits
derived from cogeneration. Additional benefits cited
include capital savings and environmental improvements.
Capital savings occur because the incremental investment for
electricity generation in cogeneration installations can be
cheaper per kilowatt than the investment for central utility
powerplants. Cogeneration installations achieve these sav-
ings through apportioning their capital costs between elec-
tricity and process heat. Consequently, the size of the
capital savings depends upon how much future central utility
generating capacity is replaced by cogenerated capacity.

Environmental improvements attributed to cogeneration4result from the fact that, although a cogenerating industry
will use more fuel than an industry producing only steam,

* **emissions can be reduced because a cogeneration facility
burns about half as much fuel in producing electricity as

I/Energy Industrial Center Study, National Science Foundation-
Dow Chemical Company, June 1975. A Study of Inplant Elec-
tric Power Generation in the Chemical, Petroleum Refining
and Paper and Pulp Industries, F- il Energy Administra-
tion - Thermo Electron Corporatiuji, 1976. The Potential
for Cogeneration Develc~inent in Six Major Industries by
1985, Department of Energy - Resource Planning Associations,
Inc., Dec. 1977.

2/For the purposes of this report, the NEA refers to the
Powerplant and Industrial Fuel Use Act of 1978, the Public
Utility Regulatory Policies Act of 1978, the Natural Gas
Policy Act of 1978, and the Energy Tax Act of 1978.

2



CONVENTIONAL ELECTRCAL AND PROCES S11TEAM11 SYSTEMS~l
COMPARED TO A COGENRATION SYSTEM

(A] Cmnwimd .Ieie~ssr6n osm mqmku e * @1 buvd .4 @6Wpum -w WkWh ue'll.

Exhaust

Fuel

Water Mle

Exhaucl nefiiec

FuelSta

Water

Cog~i omw slis Fhulq fe&vdfbooollo hula sans Ciniiuuw ouf hn.W amd Prps. .S 173

A___
Exhaust



does an average central utility plant. Therefore, where
industrial cogenerated electricity replaces central power-
plant generated electricity, fewer emissions should be pro-
duced, even though the emidssions' location will be changed.
The benefits, impediments, and other issues which affect
the acceptance of cogeneration by industry and utilities
will be discussed in more detail throughout this report.

SCOPE OF REVIEW

To make an assessment of cogeneration's role in the
Nation's conservation efforts, we identified the pertinent
issues affecting the development and acceptance of cogenera-
tion and conducted cQmparative analyses of the effects of
various levels of cogeneration on the Nation's energy system.

The following issues are addressed in this report:
--What are the technological advantages and disadvan-

tages of cogeneration systems?

--How much energy savings can be achieved through
cogeneration?

--What are the benefits and impediments to utility and/
or industrial cogeneration?

--What efforts are underway to promote cogeneration, and
are those efforts adequate?

We reviewed cogeneration studies, literature, and related
information and had discussions with representatives of
the chemical, paper and pulp, aluminum, steel, and refining
industries, industry trade organizations, electric utility
companies, utility trade associations, researchers, and a
cogeneration equipment manufacturer. We discussed cogenera-
tion issues with the Department of Energy, Environmental
Protection Agency (EPA), Federal Energy Regulatory Commission
(FERC), Department of Treasury, and State Government
representatives. A list of those contacted during our study
is in appendix VI.

A draft of this report was provided to the above 4 Fed-
eral agencies and to 12 private sector organizations and
individuals for review and comment. The comments received
were considered and, where appropriate, changes have been
1made and specific comments are reflected in this report.
The comments received from DOE, EPA, FERC, and Treasury are
included in appendixes VII thru X.
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CHAPTER 2

HOW COGENERATION WORKS

Utilities and industries burn nonrenewable fossil fuels
to meet their energy needs. Combining utility power genera-
tion and industrial process heat production at one site can
more than double the fuel efficiency of electric power
generation. Cogeneration does just that, burning fuels to
generate either electricity or mechanical shaft power along
with process heat. Technologies are available and are in
use for cogenerating at either individual industrial sites
or at central utility powerplants. This chapter describes
cogeneration technologies and discusses their application to
industrial and central powerplant systems. A more detailed
discussion of the technical aspects of cogeneration is con-
tained in appendix II.

COGENERATION TECHNOLOGY

Cogeneration systems, using currently available tech-
nology, incorporate either a "bottoming cycle" or a "topping
cycle" configuration. These terms refer to the point in the
cogeneration system at which the electrical or mechanical
energy is produced.

Bottoming cycle cogeneration

In a "bottoming cycle" configuration, fuel is burned
initially to produce process heat, with the reject heat used
to generate either electrical or mechanical power. However,
industrial process heat requirements are usually too ow
(400 degrees F or lower) for the reject heat to be efrec-
tively utilized in power generation. Although technology
may overcome this problem, at this time no complete, reli-
able, and problem-free system exists. Therefore, apart from
occasional installations the bottoming cycle will not have
a major impact upon industrial fossil fuel demand within the
next 8 to 10 years. In view of the limited potential appli-
cations for this configuration, it was not used in our
analyses.

Topping cycle cogeneration

In a "topping cycle" configuration, fuel is burned to
produce high-temperature heat, which is expanded through a
turbine to generate electrical or mechanical power. After
passing through the turbine, the reject heat is then used



in industrial applications as process heat. Because of the
energy required to generate the electrical or mechanical
power, more fuel is consumed in a cogeneration system than
in producing process heat alone. However, the total fuel
required to produce both power and process heat in one sys-
tem is less than the fuel required to produce power and heat
in separate systems. For example, the overall efficiency of
a steam turbine topping cycle cogenerationi system is about
79 percent compared with the combined efficiency of about
58 percent for two separate systems.

Topping cycle cogeneration systems are of two types: (1)
fuel can be burned in either a gas turbine or a diesel engine
directly producing electrical or mechanical power, with the
exhaust used to provide process heat or, with the addition of
a heat recovery boiler, process steam; or (2) fuel can be
burned initially to produce high-pressure steam which is then
passed through a steam turbine to produce power, with the
exhaust used to provide process steam. Diagram illustrations
of these commercially available topping cycle cogeneration
systems are shown in figure 2-1.

Cogeneration systems and components must be selected for
compatibility with the industrial processes which they com-
plement, necessitating selection on a site-by-site basis.
The more important distinguishing features of these alterna-
tive systems are the fuels that can be used, the capital in-
vestment required, the efficiency in converting fuel to elec-
tricity, the electricity produced per unit of steam generated,
and the resulting effects on the environment. The advantages
and disadvantages of these distinguishing features in topping

cycle cogeneration systems are outlined in table 2-1.

co As the table indicates, the steam turbine is the only
cmmercially available cogeneration system that can use coal
for fuel. However, using coal instead of liquid or gaseous
fuel in a steam cogeneration system increases capital costs
and could result in making the system uneconomical. As a re-
sult, coal-fired steam turbines are usually considered only
for large cogeneration applications where economies of scale
are possible.

INDUSTRIAL AND UTILITY
COGENERATION SYSTEMS

The major difference between industrial and utility co-
generation is which output drives the system. Cogeneration
systems can be designed for process steam requirements, with

7



Table 2-1
Distinguishing Features of Towping Cycle

Co~oeratlnsytem

Distinguishing features Gas turbine Diesel engine Stem turbine

1. Type of fuel used #2 light distillate Oil or gas All types of fuel

oil or natural gas including coal

Advantage Supports NR conver-
sion to coal objec-
tive

Disadvantage Conflicts with BA, Conflicts with N
conversion to coal conversion to coal
objective objective

2. Capital investment $500 per kW $550 per kW $1,250 per kW for coal
required 1/ 875 per kW for oil

Advantage Low cost Low cost

Disadvantage High cost

3. Efficiency in convert-
ing fuel to electrici-
ty 2/ 5,500 BtuIs per kWh 7,000 Btu's per kMh 4,500 Btu's per kwh

Advantage Y

Disadvantage

4. Electricity produced 200 kih per million 400 k h per mil- 50 kWh per million
per unit of stein Btu's of steam lion Btu's of steam Btu's of steam
generated 2/

Advantage Y/

Disadvantage 4/

5. Environmental effects Gas produces little High nitrogen oxide High sulfur
K pollution and carbon monoxide dioxide and par-

emissions ticulate pollu-
tion with some
coals

Advantage No pollution control
equipment needed

Disadvantage Exhaust may not expensive pollution
met purity re- control devices
quirements of needed
some process heat
appl icat ions

1/ Total installed costs assuming 5-MW capacity.

/ Federal Energy Administration and Thermal Electron Corporation, A Study of IM ant
Electric semer Generation in the Clemical, Petroleum Refining ard taper ano L
IIduttles. Final Report, 1976. p.2-1.

While stem man gas turbines are more efficient than didsel engines, their fuel efficiency
cannt be uiversally considered an advantage. For exa ple, in situations with large
electricity to steam demands, the diesel, although less efficient, 'Would be the most
advantageous to the cogenerator.

Wh lether the aunt of electricity produced is an advantage or disadvantage depends on the
cogenerator 's neds.
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electrical production as a secondary consideration, or their
design can be reversed, with electrical power as the primary
requirement. Although we distinguish between these two
systems by referring to them as industrial and utility cogen-
eration systems respectively, our terms do not necessarily
denote ownership. For example, the systems may be jointly
owned or utility owned at industrial complexes. The charac-
teristics and considerations of industrial and utility co-
generation are discussed below.

Industrial cogeneration

Most industrial process steam is produced through direct
combustion of fossil fuels. Direct combustion results in
available heat reaching temperatures as high as 3,600 de-
grees F. Most industrial processes, however, require steam
at much lower temperatures, less than 400 degrees F. Thus,
burning fuels to produce only low-temperature process steam
is an inefficient use of energy. Substantial fuel savings
can be achieved if the high-temperature energy available
from combustion is first used to generate power, and then
the reject heat, ranging from 200 to 1,000 degrees F de-
pending on the types of fuel and systems involved, is used
for industrial process heat applications.

Industrial cogeneration systems are usually located near
or within the facility with the process steam serving only one
company. The cogeneration equipment generally is operated to
meet process heat requirements with electrical production as
a secondary consideration. While this permits the systems to
operate at optimal efficiency, it may not provide enough elec-
tricity for self-sufficiency. The electric utility company
serving the industrial site then provides standby electricity
when the cogeneration system is unable to generate the required
electric power. Conversely, an industrial plant with a large
steam demand could install a cogeneration system capable of4
meeting or even exceeding the plant's electricity needs. In

* this situation, excess electricity could be sold to the utility.
An industry can operate independently from utilities. However,
the system requires sufficient backup equipment or over-capacity
to ensure reliability. The problems and workability of selling
cogenerated power to utilities are discussed in chapters 5 and
6 of this report.

In 1978, industry generated about 80 million megawatt-
hours, or about 4 percent of the Nation's electricity.
How much of this electricity was associated with cogeneration( is not known; however, estimates of industrial cogeneration
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capacity in 1977 varied between 4,000 and 11,000 megawatts
(MW). 1/ Today, cogeneration is practiced primarily in the
paper, steel, petroleum, and chemical industries. The Dow
Chemical Company, for example, stated in September 1977 that
as the Nation's largest cogenerator, the company saved the
equivalent of 17 million barrels of oil per year due to co-
generation efficiency. Dow reportedly generates 80 percent
of its own power needs, about two-thirds of it through
cogeneration. Dow's commitment to cogeneration dates back
many years to when cogeneration was common in U.S. industry.

There are many factors affecting the economic acceptance
of industrial cogeneration facilities. 2/ These factors in-
clude (1) the size of the installation (unit capital costs
diminish as the system's capacity increases), (2) the vari-
ability of the steam demand (the most favorable arrangement
usually occurs where there is a steady demand for steam, so
that the electrical generating capacity can be utilized a
large part of the time), (3) whether new steam generating
equipment is needed or not, (4) the cost of electric power
from alternative sources, (5) the technology chosen, (6) the
cost of fuel, (7) the cost of pollution controls, (8) the
cost of operation and maintenance, and (9) the competence of
the technical personnel charged with operating the facility.
Further discussion of some of these factors is included in
chapter 5.

Utility cogeneration

With utility cogeneration, fuel savings are possible by': supplying steam to industry from central station powerplants.
Electric utilities burn fuel in boilers to make high-temper-
ature steam. The steam then flows through a turbine which
drives a generator and produces electricity. The exhaust or
reject heat is then discharged to the environment through
cooling towers or by heating water in rivers or stationary
ponds. However, the fuel use efficiency for electrical gen-
eration can be increased if the reject heat is used by near-
by industries in manufacturing processes.

1/Department of Energy, Unpublished Internal Draft Study of
Cogeneration, Washington, D.C., p. 7. "Saving Energy the
Cogeneration Way," Business Week, June 6, 1977, p. 99.

2/Robert W. Williams, Industrial Ccieneration, Center for
Environmental Studies Report No.65, Princeton University,
Princeton, N.J., May 1978, p. 19.
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Central powerplant cogeneration overcomes many of the
technical factors constraining industrial cogeneration be-
cause of the large boilers available and the ability to man-
age steam and electricity demand. However, utility cogenera-
tion has its own unique problems. For example, central power
plants must be located near the industries requiring the steam
because steam can be piped economically only short distances.
In the ideal situation, a utility is located in the center of
a cluster of industries. However, space for siting central
powerplants in proximity to industrial plants may be difficult
to find. In addition, siting such plants near industrial com-
plexes could aggravate existing environmental problems, re-
sulting in unacceptable air or water quality deterioration.

Although central powerplant cogeneration is not common,
a number of such plants are in operation today. One of the
oldest and largest in the United States is the Gulf States
Utilities Company plant located in the center of a petrochem-
ical complex near Baton Rouge, Louisiana. Since 1929 the
plant has produced steam and electric power for Exxon and
Ethyl Corporations. The plant was designed to meet the com-
panies' industrial process steam requirements, approximately
3 million pounds per hour. As a result, about 160 MW of
electric power are produced. Since the electrical load in
the area is over 300 MW, additional power must be brought
from the Gulf States Utilities grid into the complex. The
sale of cogenerated power under separate contracts with pri-
vate corporations by the plant, which is wholly owned by Gulf
States Utilities, is not subject to State utility regulation.
The nonregulated status of such sales was tested and upheld
by the Louisiana Supreme Court in 1952. A discussion of theI impact of regulatory issues on cogeneration potential is in-
cluded in chapter 5.

NEW COGENERATION TECHNOLOGY

New advanced technologies can contribute to conserva-
tion through cogeneration. A promising new combustion sys-
tem, using fluidized-bed technology, .1/ is presently under

1I/Fluidized-bed technology has the capability of making coal
use an economic alternative to oil or natural gas use.
This technology eliminates the need for expensive pollution
control equipment by removing sulfur pollutants during the
combustion process. Fluidized-bed boilers are also much
smaller than conventional coal-fired steam generators.
With these and other advantages, fluidized-bed technology
can facilitate coal conversion.
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demonstration and may be commercially available in the 1980s.
A number of industrial applications of this technology have
already been successfully tried in Europe. Fluidized-bed
combustion technology could lead to a clean-burning process
for converting coal, as well as other low-grade fuels, to
electricity. This new technology can be readily integrated
into steam turbine and gas turbine cogeneration systems. The
arrival of reasonably priced, reliable fluidized-bed boilers,
with the customary performance guarantees by the manufacturer,
should provide a strong incentive to some industries to seri-
ously consider cogeneration together with a shift to coal.

Another technology involves combined cycle configurations.
In a standard arrangement, as illustrated in appendix I, fuel
is burned in a gas turbine producing electrical or mechanical
power. The gas turbine exhaust then passes through a heat-
recovery boiler producing steam for use in a steam turbine
supplying both power and process steam. One of the attrac-
tions of this system is that the gas turbine can be retrofit-
ted to existing plants. However, the system is limited in
that all energy has to be supplied by a fuel'suitable for gas
turbine consumption, either natural gas or a light distillate.

Combined cycle operations have been deployed for power
production in central station utilities for a considerable time.
Although many of these utilities were designed for power pro-
duction only, they could lend themselves to cogeneration
applications. Where power and steam demands are high enough,
such as in the chemical industry, industrial applications
may also be attractive.

Other advanced technologies under development but un-
likely to effectively contribute before the end of the cen-

tury to the use of reject heat include closed cycle (external
combustion) gas turbines, stirling engines, and fuel cells.

A similar situation prevails with using heat pumps to
create process heat by the "upgrading" of low-grade reject
heat. Large heat pumps are used for heating and hot water
services in Europe based on low-grade reject heat. In gen-
eral, most industrial processes require process steam of a
higher energy content than that required for simple heating
purposes. Units to raise process steam to these levels are
not commercially available.

14
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CHAPTER 3

POTENTIAL CONTRIBUTION OF COGENERATION AT

THE NATIONAL LEVEL IN 1985

What are thle possible effects of various levels of co-
generation on our Nation's energy system? In striving to
answer this question, we analyzed four scenarios for the pa-
per and pulp, chemical, and petroleum refining industries.
The scenarios assume cogenerat ion development from the status
quo to the maximum amount technically possible. Our analyses

* show that, for the three industries, the implementation of
* cogeneration could save from .26 to 1.5 quadrillion Btu 's

(QUADs) of energy or about 123,000 to 719,000 barrels per day
(bbl/d) of crude oil equivalent in the year 1985. The attain-
ment of these energy savings and the types of fuels saved are
highly dependent on Federal energy policies, the technologies
used, the fuel costs, and the fuel use patterns assumed with-
in the industrial and utility sectors. Taking these factors
into consideration our analyses show that the most reasonable
and likely attainment of energy savings from cogeneration in
the year 1985 could be .48 to .75 QUADs or about 228,000 to

354,000 bbl/d of crude oil equivalent.

The types of fuels saved within each scenario varied
based on the fuel use patterns assumed for the industrial
and utility sectors. Based on historical fuel use patterns,
natural gas savings occur in every scenario. Using DOE's
econometric model, which forecasts utility and industrial
fuel use patterns in 1985, coal and natural gas savings occur

A., in every scenario. In our most likely and reasonable scenario
of cogeneration development, the fuel savings occur primarily

* in natural gas using historical fuel use patterns and oil us-
ing forecasted fuel use patterns.

The utility sector could be most affected by growth in
cogeneration. Electrical generation declines with increased
levels of cogeneration from .5 to as much as 14.8 percent.
This decline in generating capacity by the utility sector
could result in cumulative capital cost savings from invest-
ment in new plants and equipment. Capital cost savings in
utility powerplant investments could range from $1.4 billion
to $21.6 billion. However, the utility capital cost savings
would be offset by the industrial expenditures required for

inetmn in cogeneration equipment.
The above findings and the analytical approach used to

arrive at them are discussed in this chapter.
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METHODOLOGY, ASSUMPTIONS, AND
ANALYTICAL CONSIDERATIONS

The analyses focused on the interaction between energy
policy and the implementation of cogeneration technology in
determining associated fuel shifts. Government actions which
could conceivably assist in implementing cogeneration as a
measure for conserving valuable fossil fuels within the 1985
time frame were considered. To maintain some degree of cer-
tainty, the analyses were limited to those cogeneration top-
ping cycle configurations which we believe are going to make
a sizable contribution towards reducing the national demand
for fossil fuels by 1985. This means that the cogeneration
technology must be (1) fully proven and commercially avail-
able with all warranties, (2) economically attractive in
capital and direct costs, and (3) introduced into those in-
dustries most likely to implement cogeneration on a scale
which makes a significant contribution.

Scenario description

Cogeneration scenarios were developed to (1) establish
a realistic national impact, an upper economic limit, and an
upper technical limit for cogeneration showing the amount of
electricity produced and the resultant fuel shifts in industry
and utilities, (2) provide input for econometric models to
determine the interaction of different levels of cogeneration
with associated fuel shifts, prices and other economic forces,
and (3) provide input data for case studies to investigate
and illuminate whether such fuel shifts are likely to occur,'~1 taking into account the regulatory situations and actual sup-
ply and demand patterns at State levels. Each scenario con-
tains cogeneration development by 1985.

The following four scenarios were developed for the
paper and pulp, the chemical, and the petroleum refining
industries:

1. A no action case assumes that some cogeneration will
develop under the status quo without Government in-
centives or further disincentives. This case assumes
the lowest level of cogeneration. Process steam re-
quirements and cogenerated electricity are deemed as
economically attractive without tax credits or other
incentives. Industries will cogenerate using a com-
posite of coal and residual oil-fired steam turbines,
gas and distillate oil-fired gas tubines, and waste
fuel and heat recovery steam turbines. This tech-
nology mix is assumed to prevail nationwide within
each State.
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2. An incentives case includes the additional cogenera-
tion resulting from selected Government incentives.
This case, with the same type of technology mix as
the no action case, increases the amount of cogener-
ation assuming the existence of the following incen-
tives: a 30-percent investment tax credit for co-
generation equipment, marginal cost pricing of elec-
tricity (rate reform), and exemption from Federal
Energy Regulatory Commission and Public Utility
Commission regulations. The 30-percent investment
tax credit consists of an existing 10-percent general
investment tax credit with an additional 20-percent
for cogeneration.

Rate reform standards which are established by the
Public Utility Regulatory Policies Act of 1978
(Public Law 95-617, Nov. 9, 1978) could be very in-
fluential for cogeneration development if adopted
by State regulatory authorities or nonregulated
electric utilities. However, at the time of our
assessment the type of reform to be adopted, if any,
was unknown. Thus, we chose to analyze the most
dramatic case, namely marginal cost pricing of
electricity. The net effect of marginal cost pric-
ing is an average 20-percent rise in industrial
electricity rates thereby making cogeneration more
economically attractive.

The exemption of qualifying cogeneration facilities
from the Federal Power Act, the Public Utility Hold-
ing Company Act, and from State utility laws and
regulations is authorized by the Public Utility
Regulatory Policies Act of 1978. This exemption
should increase the economic attractiveness of
cogeneration by alleviating statutory and regula-
tory constraints.

3. An economic maximum case was developed to provide
maximum electricity production under economic condi-
tions. This case assumes that the same process
steam produced with fossil fuels in the incentives
case will be exclusively produced with exhaust
boilers fed only by gas turbines. The gas turbines
are fired exclusively by light distillates assuming
that the use of natural gas for power generation
will be prohibited or of a very low priority in cur-
tailment situations. The steam turbine has not been
considered because of its low power-to-steam ratio,
while the diesel with its excellent ratio has been
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excluded because of its limitations in producing
industrial process steam. Process steam cogenerated
by waste fuel and heat recovery steam turbines re-
mains unchanged.

4. A technical maximum case addresses the maximum co-
generation technically possible by assuming the co-
generation of all steam identified as technically
suitable. Ignoring all economic conditions, we set
an upper boundary on the amount of cogenerated elec-
tric power that anyone could expect to achieve from
the three industries selected. This case assumes
that the best possible environment exists for co-
generation development, possibly even a mandatory
requirement. Like the economic maximum case, the
light distillate fired gas turbine is assumed to be
the exclusive cogeneration system. The gas turbine
was selected for the two high cogeneration scenarios
because it is more easily adaptable for industrial
use, and only takes 1-1/2 to 3 years to be opera-
tional depending on size.

The national estimates of cogenerated steam and elec-
tricity used in our scenarios are based upon a Resource
Planning Associates, Inc. (RPA) study, "The Potential for
Cogeneration Development in Six Major Industries by 1985."
RPA developed its estimates of cogeneration potential using
actual industry decisionmaking factors. The following table
shows the process steam and electric power estimates for the
four scenarios. Detailed information is contained in appen-
dix III, tables III-1 to 111-4.
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Table 3-1
Amount of Semand Electricity (oea

CogeeraionNationwide
Pa per nd Plpin 1985 by the

Papr ad PlpChemical, and Petroleum Refininajndustries

Economic Technical
No action Incentives maximum naximum

case case case (note b) case

Paper and pulp
Steam 276.20 313.60 313.60 1059.0
Electricity 38.33 45.00 93.92 211.8

Chemical
Steam 351.70 443.90 443.90 1396.0
Electricity 21.12 26.78 92.53 279.2

Petroleum refining _______________________________

Steam 55.30 81.80 81.80 454.0
Electricity 6.02 10.13 22.61 90.8

Total
Steam 683.20 839.30 839.30 2909.0
Electricity 65.47 81.91 209.06 581.8

a/Steam figures are in trillion Btu's.
Electricity figures are in billion kWhs.

b/The incentives and the economic maximum cases have the same
steam estimates deemed as economically suitable for cogen-
eration. The difference in electricity estimates occurs
because the economic maximum case provides maximum electric
power production by assuming that the same steam cogenerates
more electrical power using the gas turbine.

Three industrial representatives expressed concern with
the above estimates. They felt that the levels of cogenerated
electricity were overstated because the amount of steamf pro-
jected as available for cogeneration was too large. Their
concern centered on two points: mechanical shaft power was
ignored and growth rates were too high.

The chemical and petroleum trade associations stated
that we ignored existing mechanical shaft power, and as such,
much of the industrial steam assumed available for new cogen-
eration may already be used to run equipment such as pumps
and compressors. This assertion is not correct i mechanical
shaft power was considered in our analyses. In developing
the 1985 steam projections, several adjustments were made to
account for the steam not suitable for cogeneration. These
adjustments included excluding the steam used for existing
cogeneration and the steam used for driving condensing and
noncondensing turbines, both of which provide mechanical
and/or electrical power.
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The third representative questioned whether present and
anticipated low growth rates for industry will allow the pro-
jected cogeneration levels to be attained. At the time of
our analyses, we evaluated several projections of cogenerated
steam in 1985. We concluded that RPA's forecast was the
best available for the purposes of our analyses.

Assumptions and analytical considerations

The fuel shifts in each scenario were computed from
the amount of process steam and electricity produced by co-
generation technologies in the three industries. Our analy-
ses considered only topping cycle configurations of currently
available technology for cogeneration. We determined that
cogeneration would be most economically feasible for boilers
with at least 100,000 lbs. per hr. steam capacity. A steam
turbine topping cycle configuration of this size will barely
command a return on investment in the vicinity of 9 to 10
percent. 1/ A configuration's feasibility in terms of return
will increase as capital costs are reduced and efficiencies
are improved, such as with economies of scale for larger co-
generation plants. Conversely, a great deal of cogeneration
cannot be expected in plants with less than 100,000 lbs. per
hr. steam capacity when the return on investment would be
less than 10 percent. However, depending on steam conditions,
plants with smaller steam needs may be built where local con-
ditions favor cogeneration even at such a low rate of return
on investment.

Having established the economic feasibility of cogen-
eration at 100,000 lbs. per hr., we assessed the actual steam
output by industry on the basis of installed boiler capacity
for six industries. 2/ In determining the percentage of
boiler capacity suitable for cogeneration, we limited our
analyses to those boilers installed during the last 12 years.
This boundary was established because many boilers which have
been idle or retired are still carried on company inventories.

1/Resource Planning Associates, Inc., The Potential for Cogen-
eration Development in Six Major Industries by 1985,
Cambridge, Massachusetts, Dec. 1977. National Science
Foundation-Dow Chemical Company et al., Energy Industrial
Center Study, June 1975, p. 75.

2/Paper and Pulp, Chemical, Petroleum Refining, Food, Textile,
and Steel Industries.
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These boilers may be unsuitable to support a cogeneration
unit due to either their very small load factor or their in-
ability to produce the high pressures required.

The paper and pulp, chemical, and petroleum refining
industries are the ones with the largest percentage of boiler
capacity to support a cogeneration unit. (See app. III,
table 111-12.) The concentration of boiler capacity in these
three industries, and the fact that they account for 80 per-
cent of the economically suitable steam for cogeneration,
led us to restrict our analyses to these three industries to
establish a measure for the impact of cogeneration.

7In all scenarios, industrial and utility fuel shifts re-
sulting from cogeneration were computed on a regional basis,
based upon RPA's 1985 process steam projections for the three
selected industries. In computing industrial fuel use, the
cogeneration systems implemented determined the types of
fuels used. The fuel savings from cogeneration were computed
assuming that the amount of cogenerated steam and electricity
would replace equal amounts of industrial process steam and
utility electricity generation.

We estimated fuel savings from cogeneration using two
major assumptions in the fuel use patterns of industry and
utilities. These assumptions are that (1) 1975-76 historical
fuel use patterns would prevail through 1985 and (2) fuel use
patterns would evolve as forecasted by DOE's Midterm Energy
Market Model (MEMM). 1/ The use of these two assumptions en-
abled us to test the validity of our scenarios and obtain a
broad perspective of the types of fuel that could be saved
through cogeneration. Comparing the scenario results using
both assumptions showed that the total energy savings were

4 very similar at each scenario level; however, the types of
fuel to be saved varied.

COGENERATION CAN BE USED TO
CONSERVE ENERGY IN THE NEAR TERM

Our four scenarios of cogeneration development for the
three industries show that energy savings of fossil fuels
will occur in the utility and industrial sectors in 1985.
Utilities could save approximately .09 to 1.55 QUADs in oil,
and .13 to 1.86 QUADs in coal. Although the industrial sec-
tor would use additional fuel to cogenerate, industry still

1/DOE's econometric model previously was named the Project
Independence Evaluation System.
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would show natural gas savings ranging from .03 to .8 QUADs.
The ranges and variations in fuel savings from cogeneration
and their related effect on the national energy system are
discussed below.

Using historical fuel use Eatterns,
natural gas savings occur in every scenario

Three scenarios--the no action case, the incentives
case, 1/ and the economic maximum case--were analyzed for
the three industries using historical fuel use patterns. 2/
Our analyses indicate that cogeneration, when considering-
displacement of utility-generated power by industrial cogen-
erated electric power, can contribute national net energy
savings of as much as 540,000 bbl/d of crude oil equivalent.
In all cases, the largest net fuel savings occur in natural
gas, ranging from approximately .58 to 1.28 QUADs in 1985.
In the incentives case, which to us represents the most
reasonable expectation for cogeneration in 1985, net energy
savings of about .75 QUADs, or 354,000 bbl/d of crude oil
equivalent, could be achieved, with the largest savings
occurring in natural gas. The results of these analyses are
discussed below and summarized in table 3-2.

The fuel shifts in industry are the net changes in in-
dustrial consumption composed of the differences between the
fuel saved under boilers to generate process steam only and
the fuel used to cogenerate. In the no action case and the
incentives case there is a positive shift to coal resulting
from the use of coal-fired steam turbines and a decrease in
the use of natural gas and distillate oil. This positive
use of coal would be in accordance with NEA legislation to
promote alternate fuels. In the economic maximum case the
consumption of distillate fuel oil increases because of the
exclusive use of gas turbines to cogenerate. Industry use
of other fuels, therefore, declines.

Energy savings in coa4, oil, and gas occur in the utility
sector due to cogeneration in all three scenarios. These sav-
ings in the utility sector are attributed to the decrease in
utility generation which is now supplied by industrial cogen-

1/The steam and cogenerated electric power estimates for the
incentives case in these analyses include only one incentive,
a 30-percent investment tax credit.

2/The technical maximum case was excluded because of the un-
likely expectation of achieving this level of cogeneration
by 1985.
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erated electric power. In all three cases the largest shift
in utility consumption occurs in coal, the most significant
amount appearing in the economic maximum case. These results
are based on the fact that utility coal consumption amounts
to approimately 60 percent of total fossil fuels consumed.
While utilities save mostly coal, oil savings in the two
lower cases, the no action and incentives cases, are large
enough to more than offset any increase in oil used by
industry to cogenerate. Although this report discusses the
effects of cogeneration on a national basis, we recognize
that regional fuel shifts will vary. These variations are
caused by the amounts and types of cogeneration implemented
and regional fuel usage. Appendix III illustrates these
regional differences.

Table 3-2
The Effects of Cogeneration in 1985
Summary of National Fuel Consumption

Using Historical Fuel Distribution Patterns
for Three Industries

No action Economic
case Incentives case maximum case

Amount of cogeneration:
Electricity

(billion kWhs) 65.47 81.91 209.06
Steam

(trillion Btu's) 683.2 839.3 839.3

QUADs (note a)

Industrial fuel shift
Distillate oil 0 0 +1.89
Residual oil +.09 +.ll -.17
Coal +.36 +.48 -.20
Gas -.39 -.51 -.58

Utility fuel shift:
Oil (note b) -.16 -.19 -.47
Coal -.31 -.37 -.92
Gas -.19 -.25 -.70

Net fuel shift
Oil -.07 -.09 +1.25
Coal +.05 +.10 -1.12
Gas -.58 -.76 -1.28

Net energy shift:
QUADs -.60 -.75 -1.14
bbl/d crude oil

equivalent -282,000 -354,000 -540,000

a/Numbers may not add due to rounding.

b/No distinction can be made between residual and light distillate
oils for utilities; no data were available for the utilities
breaking the fuel oil down into these two categories.
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Using forecasted fuel use patterns, coal
and natural gas savings occur in every scenario

The previous analyses focused on the fuel shifts that
would occur due to cogeneration in the three industries using
a historical fuel mix. At a further step in evaluating cogen-
eration as an energy conservation measure, the same scenarios
were evaluated using forecasted fuel distribution patterns
for 1985 as contained in DOE's econometric model. Our analy-
ses indicate that cogeneration can contribute net energy
savings of as much as 719,000 bbl/d of crude oil equivalent
in 1985. In all cases, net fuel savings occurred in coal,
ranging from approximately .08 to 2.97 QrJADs. Natural
gas savings also occurred in every scenario ranging from
.05 to 1.53 QUADs. In the incentives case, net energy sav-
ings of about .48 QUADs or 228,000 bbl/d of crude oil equiva-
lent could be achieved, with the largest savings occurring
in oil.

The model, MEMM, 1/ considers those economic supply and
demand factors that would have a bearing on the impact of co-
generation, enabling us to assess the effects of various 1ev-
els of cogeneration on fuel consumption, utility generation
and capacity, utility capital cost savings, and national fuel
prices. The model assumes a level of cogeneration in 1985.
For the three industries evaluated we estimated 2/ that level
to be 46.75 billion kWhs. Since this level of cogeneration is

1/The model consists of three main segments. The supply
~,ii model, subdivided into specific fuel models, such as oil

and gas, and electricity, is a linear programming model
which shows the prices at which the energy market would
be willing to produce and deliver specific fuel quantities.
The demand model is an econometric model which predicts
regional demands for the various fuels as functions of
relative fuel prices and general economic conditions. The
third segment of MEHI4 is the integrating model which takes
the demands for fuels from the demand model and fulfills
them in a least cost fashion from the supply model. The
integrating model determines the energy market conditions
which must be satisfied by demand and supply, and controls
the process by which a market equilibrium is reached. The
point of equilibrium is reached when prices at which pro-
ducers are willing to supply fuel are identical to the
prices which generated the demands.

2/A detailed assessment of this estimate can be found in
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implicit in the MEMM base forecast, our estimates of changes
in cogeneration levels are adjusted from this base.

Each of the cogeneration levels was introduced to the
model as a decline in the industrial demand for electricity,
an increase in the demand for the fuels used to cogenerate,
and a decrease in the fuels which had previously been burned
under boilers to generate process steam. The fuel mix used
to generate process steam is different than the fuel mix
used for cogeneration. Since cogeneration requires continuous
use in order to be economically feasible, we assumed that
all declines in industrial electricity demand would come
from baseload utility generation.

Based on these inputs, the model provided simulations
of predicted changes in national energy demands and supplies.
In all four of our scenarios energy savings occurred consist-
ently in coal and natural gas. More specifically, in the two
lower cases the net energy savings come mainly in the form of
reductions in petroleum, coal, and some natural gas. The re-
ductions in petroleum use are reflected in small reductions
in imported oil. While reductions in petroleum demand and
imports are one of the desirable goals of the national energy
policy, reductions in the demand for coal, our most abundant
resource, could be considered counter productive. On the
other hand, the efficient use of all fuels, available through
cogeneration, is another desirable goal of the national energy
policy. In the two maximum cases energy savings are larger.
However, because of the exclusive reliance on distillate
fired gas turbines, there are substantial increases in the
demand for petroleum which result in increased reliance
on imported oil. Although small declines occur in natural
gas and nuclear demand, the most severe reductions in fuel
demand occur in coal use.

When evaluating the fuel changes from the MEMM simula-
tions, one must bear in mind that this is a supply and demand
model. A significant assumption in the model is that any
highly desirable fuel that is saved or freed up through co-
generation, such as oil or natural gas, will be used to ful-
fill the demands of other sectors. Thus, the energy savings
shown in the MEMM simulations are the net savings after all
energy market conditions have been satisfied.

The results of the four scenario cases along with the
MEMM base case are presented in tables 3-3 through 3-5. The
national fuel consumption statistics presented in table 3-3
show that the fuel savings attributable to cogeneration are
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small but meaningful, ranging from .26 QUADs in the no action
case to 1.52 QUADs in the technical maximum case.

Petroleum demand falls except in the two maximum cases
when distillate fuel is used exclusively to cogenerate using
gas turbines. Hydro and miscellaneous fuels are unaffected.
Natural gas declines in all four cases, up to 1.53 QUADs in
the technical maximum case. Of all fuels, the largest sav-
ings are in coal, our most abundant energy resource. Coal
use falls with increased cogeneration from .08 QUADs in the
no action case to 2.97 QUADs in the technical maximum case.
Crude oil imports decline slightly in the two lower cases,
down 100,000 barrels per day in the incentives case, but in-
crease dramatically in the two maximum scenarios--up 1.72
million barrels per day in the technical maximum case. This
is consistent with the fact that a variety of fuels, includ-
ing coal, are used to cogenerate in the two lower cases,
which allows firms to save oil which was formerly used under
boilers for steam. However, in the two maximum cases there
is a dramatic increase in the demand for distillate fuel to
cogenerate. This demand can only be met through increased
imports. In the incentives case, fuel consumption decreases
by almost one-half QUAD, with the majority of the savings
occurring in the utility sector. All types of fossil fuels
will be saved and oil imports will decrease by 100,000 bar-
rels per day.

In sectoral terms, industrial fuel demand is virtually
unchanged except in the two maximum cases, which indicates an
increase in fuel use by as much as 3.2 QUADs. Utility fuel
demand declines with increases in cogenerated electric power.
In all cases the decline in utility fuel demand more than
offsets any increase in industrial fuel demand.
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Table 3-3
The Effects of Cog eneration in 1985
Summary of National Fuel Consumption

Using Forecasted Fuel Distribution Patterns
(QUADs)

MEMM No Economic Technical
base action Incentives maximum maximum
case case case case case

(Changes in consumption)

Total fuel consumption 94.61 -.26 -.48 -.93 -1.52
(note a)

By type of fuel:
Petroleum 43.86 -.14 -.26 +.64 +3.20
Gas 19.14 -.05 -.08 -.12 -1.53
Coal 21.17 -.08 -. 15 -1.39 -2.97
Nuclear 6.22 +.0l 0 -0.06 -.23
Hydro and misc. 4.22 0 0 0 0

By sector: (note b)
Residential-

commercial 4.90 -.08 -.07 -.11 -.12
Industrial 26.58 -.02 0 +.73 +3.20
Transportation 21.37 -.02 -.02 -.02 -.11
Utility 31.56 -. 14 -.39 -1.52 -4.50

Imports:
Crude oil (millions

of barrels per day) 7.75 -.06 -.1 +.36 +1.72

a/Totals may not agree because of rounding.

b/Excludes the synthetic fuel sector.

Table 3-4 shows the changes in industrial fuel consump-
tion for each scenario. Industrial electricity demand is down
.06 QUADs or 1.4 percent in the no action case to 1.58 QUADs
or 38 percent in the technical maximum case. For the two lower
cases natural gas, distillate, and liquified gas use declines
as these fuels are no longer required under boilers. Residual
oil and coal demands are correspondingly increased to fire
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cogeneration turbines. 1/ In the two maximum cases, distil-
late is used exclusively to fire gas turbines and all other
fuels show declines.

In the incentives case industrial electricity consumption
is down .15 QUADs, or 3.5 percent. Natural gas, distillate,
and liquified gas use also decline. Coal use on the other
hand increases in this scenario by .15 QUADs.

Table 3-4
Industrial Fuel Consumption(QUADs)

MEMM Economic Technical
Type of fuel base No action Incentives maximum maximum

(note a) case case case case case

-(Changes in consumption)

Electricity 4.18 -.06 -.15 -.56 -1.58
Natural gas 8.19 -.03 -.07 -.14 -.80

Petroleum:
Distillate 1.53 -.03 -.06 +1.52 +5.53
Residual 1.68 +.02 +.06 -.21 -.67
Liquified
gas 1.08 -.02 -.05 -.09 -.19

Coal 5.02 +.05 +.15 -.44 -1.12

a/Does not include refinery oil and gas consumption.

Table 3-5 shows changes in utility fuel consumption under
our scenarios. In the no action and incentives cases, coal
demand is down, reflecting the loss of baseload demand, which
is met primarily by coal and nuclear plants. However, nuclear
fuel (uranium) use is not significantly affected, indicating
that coal is the least desirable fuel. The declines in coal
use occur in low-sulfur, sub-bituminous, and lignite, reflect-
ing the regional effects of cogeneration. There is also a

1/Natural gas is also used to fire some cogeneration turbines,
but this use is more than offset by the savings under in-
dustrial boilers.
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decline in residual fuel use by utilities because some resi-
dual-fired base and intermediate plants will be shut down,
given the decline in baseload electricity demand. Natural
gas, however, in the two lower cases shows a slight increase.
In the incentives case the largest fuel savings occur in
coal, .3 QUADs, reflecting decreases in baseload capacity.
Distillate and residual oil use decline; however, natural
gas increases, indicating a desire by the utilities to use
more attractive fuels.

In the two maximum cases, the effects noted above are
magnified. Coal use is down substantially, and distillate
and residual fuel use both decline. Natural gas shows an in-
crease except in the technical maximum case where it declines
substantially, by .87 QUADs. Uranium use shows small declines.
However, the main result is unchanged; most of the fuel sav-
ings occur in coal use by utilities who in effect substitute
away from coal into more attractive fuels.

Comments from some industries indicated that they be-
lieved utility fuel savings would be more biased towards oil
and gas, since they are the most expensive fuels. These
comments illustrate the disagreement on the types of fuels
utilities would save due to cogeneration. Utility fuel sav-
ings depend on the type of electricity production offset by
cogeneration. As stated earlier, cogeneration facilities
operate as close to 24 hours a day as possible, generating
electricity-like baseload facilities. If this electricity
replaces utility baseload production, then coal use would
most likely decline. However, if this electricity replaces
the most expensive generation in peaking and intermediate
facilities as the commenters suggest, then more oil and nat-
ural gas use should be saved.

1We recognize that both assumptions have merit. This
was one reason for performing two independent analyses for

each case. In the historical analyses, we assumed that all
fossil fuels used to generate electric power in base, inter-
mediate and peak load generating units would be offset by
cogenerated electricity. On the other hand, the forecasted
analyses assumed that only baseload type generation would
be affected. Given the two assumptions used, we believe
the results in both analyses are reasonable.
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Table 3-5
Utility Fuel Consumption

(OUADs)

MEMM Economic Technical
Utility fuel base No action Incentives maximum maximum

consumption case case case case case

-Changes in consumptLon)

Coal:
High-Sulfur 10.18 +.02 -.01 -.04 -.07
Low-Sulfur .2.10 -.04 -.09 -.25 -.56
Sub-bituminous 2.67 -.11 -.18 -.47 -.93
Lignite .96 0 -.01 -.20 -.30

Total (note a) 15.90 -.13 -.30 -.96 -1.86

Gas 2.15 +.08 +.09 +.08 -.87
Distillate .95 -.05 -.09 -.32 -.53
Residual 2.38 -.04 -.09 -.27 -1.02
Uranium 6.22 +.01 0 -.06 -.23

a/Totals may not agree because of rounding.

Historical and forecasted analyses
differ in the amount of fuel saved

In previous sections we discussed separately the histor-
ical and forecasted analyses of the cogeneration scenarios.
This section provides a comparison of the two analyses and an
explanation of the different fuel shifts due to cogeneration.

We believe the consideration of supply and demand factors
is the major reason for differences between the two analyses.
DOE's econometric model, unlike the historical analyses, con-
siders economic supply and demand factors that would affect
cogeneration-related fuel shifts within the national energy
system. As stated earlier, the energy savings shown in the
MEMM simulations are the net savings after energy market con-
ditions have been satisfied.

In comparing the MEMM forecasted analyses and the his-
torical analyses of cogeneration, the results differ by the
amount and types of fuel saved. Table 3-6 presents a summary
comparison of fossil fuel and total energy savings for the
two analyses.
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The table shows that total fuel savings are consis-
tently lower when comparing the forecasted to the historical
fuel use analyses. These differences can be attributed to
supply and demand factors and to the level of cogeneration
implicit in the MEMM model. The MEMM model forecast of 94.6
QUADs of total U.S. energy consumption in 1985 includesa
level of cogeneration which we estimate to be about 46.75
billion kWhs. To avoid duplication of this implicit cogen-
eration, 46.75 billion kWhs were subtracted from our 1985
estimates whenever we used the MEMM model. The approximate
.2 to .3 QUADs differences in total energy savings between
the two analyses can be attributed to this adjustment.

The table also shows that, with the exception of coal,
changes in fuel consumption assuming historical or forecasted
fuel use patterns consistently increase or decrease within
each scenario. The results differ, however, in the magnitude
of change. In our most reasonable scenario of cogeneration
development, the incentives case, coal consumption shows an
increase of .10 QUADs in the historical analyses whereas the
forecasted analyses show a decrease of .15 QUADs. This vari-
ation is due to supply and demand factors and to the model's
assumption of increased utility coal use in the year 1985.
The incentives case, however, shows declines in oil and natu-
ral gas use for both analyses. The true value of cogenera-
tion's contribution to energy conservation will depend on
national energy policies which influence the implementation
of cogeneration technology. The policy options available to
influence cogeneration and a framework for its encouragement
are discussed in chapter 6.

THE RELATED EFFECTS OF COGENERATION

In addition to the fuel shifts that will occur due to
cogeneration, there are several other related effects. The
utility sector will be most affected by growth in cogenera-
tion. The resulting loss of continuous baseload demand leaves
the utilities with a higher ratio of peak demand which is met
by less energy efficient peaking capacity. However, the loss
of baseload demand allows utilities to reduce their invest-
ment in base capacity, which is the most expensive in terms
of price per kilowatt, and retain older plants which could
otherwise be discarded. The effects of cogeneration on util-
ity generation and capacity, utility and industrial capital
investments, and national energy prices are discussed in this

F section.
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Utilities' electric generation
and capacity declines

Table 3-7 shows the generation and capacity effects on
the utility sector which are predicted to occur as a result
of cogeneration. Electrical generation declines with in-
creased levels of cogeneration--utility generation is down
16 billion kWhs, or .5 percent, in the no action case to as
much as 449 billion kWhs, or 14.8 percent, in the technical
maximum case. With respect to capacity, the largest decline
occurs in baseload capacity with much smaller declines
occurring in intermediate, daily peak, and seasonal peak
capacities. For instance, in the incentives case, total base-
load capacity falls by 6 gigawatts. This decline consists
of the net effect of an increase of 2 gigawatts in existing
baseload capacity that is not retired, and an 8-gigawatt
decrease in new plant capacity. Even in the technical maxi-
mum case, where existing and new capacity falls by 28 and
30 gigawatts respectively, the largest percentage decline,
24.6, occurs in new capacity.

In assessing the effects of cogeneration on utility
generating capacities, baseload falls quite significantly in
comparison to the declines in daily and seasonal peak capacity.
Utilities respond to the decline in demand by retaining ex-
isting plants beyond the time when they would otherwise be
retired or replaced and by reducing investment in new plants.
Thus older, less efficient baseload and peaking plants are
retained while investment in new, more efficient baseload
capacity is reduced by cogeneration.
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Table 3-7
Utility Electrical Generation and Capacity

in 1985

MEMM Economic Technical
base No action Incentives maximum maximum
case case case case case

-Changes from base case)

Electrical generation. 3,043 -16 -41 -156 -449
(billion kWhs)

Capacity (gigawatts)

Baseload 397 -2 -6 -20 -58
Existing 275 -1 +2 +1 -28
New 122 -1 -8 -21 -30

Intermediate 103 -1 -2 -5 -15
Existing 78 +1 -4 -2 -9
New 25 -2 +2 -3 -6

Daily Peak 54 0 -1 -3 -8
Existing 52 0 -1 -6 -8
New 2 0 0 +3 0

Seasonal Peak 107 0 0 -5 -17
Existing 49 -1 +1 +2 +7
New 58 +1 -1 -7 -24

The loss of baseload demand is reflected by the over-
all plant capacity factors presented in table 3-8. Plant

F- capacity factors give the actual amount of plant usage as
a proportion of potential full utilization. Although 100-
percent utilization is not possible because of routine main-
tenance and repair, decline in utilization indicates less
efficient use of the system's capital stock. Because cogen-
eration represents a loss of continuous demand which would
otherwise be met from baseload capacity, it can cause utili-
zation to fall, or at best stay constant in all regions.
The Southwest region, which has the largest potential for
cogeneration, will experience the largest decline in plant
utilization. Although the model results show this large de-
cline, the Southwest region should have a very high load
growth rate, offsetting equipment utilization declines( caused by cogeneration.
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Table 3-8

Utility Plant Capacity Factors

MEMM Economic Technical
MEMM base No action Incentives maximum maximum
Regions case case case case case

New England .492 .492 .492 .476 .364
New York/New

Jersey .525 .525 .525 .525 .525
Mid Atlantic .465 .465 .462 .436 .394
South Atlantic .500 .500 .500 .500 .500
Midwest .512 .512 .512 .503 .460
Southwest .357 .355 .351 .330 .197
Central .458 .458 .458 .458 .458
North Central .500 .500 .500 .500 .500
West .461 .460 .457 .446 .405
Northwest .517 .517 .517 .517 .517
U.S. average .472 .472 .471 .463 .417

Utilities can reduce capital investments

Table 3-9 contains the cumulative capital cost savings
that would be realized by utilities due to the decline in
industrial electricity demand. With a smaller demand, util-
ities should be able to reduce their investments in new
plants and equipment. The savings shown in the table are
relative to what would have been the utility investment as
indicated in the MEMIM base case. However, these savings will
be offset by the additional investment costs industry needs
to cogenerate.

As expected, the largest savings occur in baseload
~j j plant investment, especially sub-bituminous and low-sulfur

coal burning plants. In the no action case, there is a slight
increase in investment in nuclear plants, an increase which
does not persist in the remaining scenarios. There is also
a savings in utility investment in distillate turbines. The
incentives case increases the savings identified in the no
action case and includes additional savings in lignite and
combined cycle plants. In the economic maximum case there
are substantial capital cost savings in all plant types pre-
viously mentioned, with an additional $295 million savings in
utility investment in new nuclear plants. In the technical
maximum case there are savings in investment in all plant
types except high-sulfur coal, gas steam plants, hydro, and( pumped storage, which remain unchanged.
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Table 3-9
Utility Capital Cost Savings

Computed From The MEMM Base Case
(millions of 1978 dollars)

Economic Technical
No action Incentives maximum maximum

Plant type case case case case

Residual steam $ 0 $ 0 $ 0 $1,051
Coal high-sulfur 0 0 0 0
Coal low-sulfur 612 1,011 1,749 4,175
Sub-bituminous coal 788 1,602 4,229 5,331
Lignite 0 124 2,140 3,308
Distillate turbine 84 412 1,486 4,444
Combined cycle 0 175 1,530 2,108
Gas steam 0 0 0 0
Hydro 0 0 0 0
Pumped storage 0 0 0 0
Nuclear -47 0 295 1,216

Total $1,437 $3,323 $11,428 $21,633

In all, utilities save $1.4 billion in the lowest case,
$3.3 billion in the incentives case, $11.4 billion in the
economic maximum case, and $21.6 billion in the technical
maximum case. These capital cost savings, along with reduced
generating expenses, can be passed on to consumers in the form
of slightly lower utility electric rates.

The capital cost savings utilities accrue as a result
of reduced capacity requirements will be offset by industrial

* cogeneration investments. To examine the relationship between
the capital expenditures required by industry and utilities,
we computed the investment necessary to install the same
amount of electric generating capacity using cogeneration
systems and conventional generation systems.

Table 3-10 shows the capital investment required to in-
stall the amount of capacity used in the no action, the in-
centives, and the economic maximum cases. Industrial invest-
ment is computed usi'ng the mix of cogeneration technologies
assumed in each case, while utility investment is computed

* I using either coal or residual oil fired central stations.
Both coal and oil fired central stations were evaluated be-

cause of the different levels of investment each system

requires.
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Table 3-10
comparison of Industrial Cogeneration and Utility

Capital Investment Reqjuirements to Install

Equal Amounts of Generating Capacity

(1977 dollars)

Economic

No action Incentives maximum
case case case

Cogeneration capacity
in MW (note a) 8,305 10,390 26,517

(millions)
Industrial capital

investment required
to install cogen-
eration capacity
(note b) $7,827 $9,841 $15,218

Utility capital in-
vestment for same

capacity using
coal-fired central
stations
(note c) 5,814 7,273 (d)

Additional invest-
ment required by
industry 2,013 2,568 (d)

Utility capital in-

vestment for same
capacity using
residual oil-fired
central stations
(note e) 3,737 4,676 11,933

Additional invest-
ment required by

industry 4,090 5,165 3,285

a/The electricity production in billion kWhs is converted to

MW at a 90 percent load factor.

b/Assumes cogeneration units are of an average size of 5 MW.

Costs per type of system are contained in table 5-1.

c/Assumes a mean value of $750 per kW installed.

d/Determination was not made because it is unrealistic to

assume that oil-fired cogeneration capacity will displace
coal-fired central station power capacity in such a large
quantity.

e/Assumes a mean value of $450 per kW installed.
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The table shows that industrial capital investments for
cogeneration capacity exceed utility capital investments in
coal-fired central stations and residual oil fired central
stations. In the two lower cases, which are predominately
composed of coal-fired cogeneration systems, industrial capi-
tal investment required for cogeneration equipment exceeded
utility investment for coal-fired central stations by $2.0
and $2.6 billion, respectively. Cogeneration, in these cases,
requires approximately 35 percent more industrial investment
than coal-fired central stations.

When comparing capital investments of mainly oil-fired
industrial cogeneration capacity with utility oil-fired cen-
tral stations, as the economic maximum case indicates, in-
dustry needs $3.2 billion, or approximately 28 percent more
capital investment for cogeneration.

In developing the utility investment costs, we assumed
a direct offset of cogeneration capacity against utility
generating capacity. As such, the utility capital invest-
ments are much larger in the no action and incentives cases
than the utility capital cost savings identified in table 3-9.
The difference between tables 3-9 and 3-10 for the two cases
is attributable to the assumptions we made and those made by
the MEMM model. The cogenerated capacity in these two lower
cases is small. These small changes in the additional supply
of electric generating capacity are assumed by the MEMM model
to be absorbed into the normal utility generating margins.
Therefore, as table 3-9 indicates, utility capital cost sav-
ings will not amount to that much.

The economic maximum case, however, shows approximately
$11.4 billion in utility capital cost savings as a result of
cogeneration as indicated in table 3-9. In contrast, when
industrial cogeneration investments are compared to utility
capital investments for a residual oil fired central station
(see table 3-10), the utility investment requirements of
$11.9 billion are almost identical to the utility capital
cost savings. This means that industrial cogeneration can
influence utility capital cost savings when the cogeneration
capacity in the utility service area is large enough to re-
place the capacity of a proposed utility central station
powerplant. Cost savings can also occur during the interim
time when a utility has enough capacity to meet its demand
without having to build a new plant. Usually during this
interim period the utility reserves capacity from another
utility. The utility, as such, incurs reservation charges.
These charges can be avoided when industrial cogeneration
capacity decreases or eliminates the need for the utility to
reserve the capacity of another utility.
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It should be noted that industrial capital investment
for cogeneration equipment includes all steam generating
equipment. In the case of a new or replacement system much
of the steam generation investment costs would be incurred
anyway. By adjusting for the capital costs of steam genera-
tion capacity in these instances, the capital investment re-
quirements for cogeneration and utility powerplants could be
comparable.

Comparing capital costs by themselves only gives an idea
of the expenditures required by industry to invest in cogen-
eration equipment. Of equal importance are the expenditures
associated with site preparation, transmission equipment, and
the life cycle costs over the lifetime of the facility. For
example, life cycle costs tend to favor a central station
powerplant when compared to an industrial cogeneration facil-
ity when both use oil. Oil-fired central station powerplants
burn residual oil, which traditionally is substantially
cheaper than the natural gas or light distillates consumed
by a cogeneration facility. These types of expenditures
were not included in our analyses because they are very site
specific and can only be determined on a case by case basis.

National energy prices will not change significantly

The MEMM simulations predicted national average energy
price changes from the price levels forecasted in 1985 for
each scenario level due to cogeneration. For the no action
and incentives cases, energy prices show little movement.
All fuels, coals, distillate, residual, and natural gas show
small reductions reflecting the overall decline in fuel
demand.

In the two maximum cases distillate oil prices increase
slightly reflecting the increased distillate demand with gas
turbine cogeneration. Coal and natural gas prices decrease
accordingly. For all four scenarios electricity rates de-
cline by as much as $.09 to $1.48 per megawatt-hour.
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CHAPTER 4

COGENERATION DEVELOPMENT AFTER 1985

SHOULD ENCOURAGE COAL UTILIZATION

As a measure of what role cogeneration might have in the
Nation's long term conservation efforts, we estimated the
maximum level of energy savings expected from cogeneration
in the year 2000 as approximately 2 QUADs or the equivalent
of 945,000 bbl/d of crude oil. While cogeneration using all
types of fossil fuels would be a valuable conservation meas-
ure in the near term, after the 1985 time frame the efforts
to encourage greater acceptance of cogeneration should be
directed towards substantial shifts away from gas and oil,
and towards plant options using coal and coal-derived fuels.

ENERGY SAVINGS FROM COGENERATION COULD
APPROACH 2 QUADS IN THE YEAR 2000

In recent years, there have been a number of expert pro-
nouncements on the Nation's long-term cogeneration potential.
These statements often reflect skepticism and confusion about
the energy problem. The simple truth is that no one can pre-
dict or "prove" what the world's energy future will be. Any
forecast relies on assumptions about supply and demand or
Government policies that are subject to vast uncertainties.

Using industrial capital investment trends, we believe
it is possible to minimize these uncertainties and to identify
a credible scenario for estimating the contribution that co-
generation can make as an energy conservation measure in the
long term. In developing this scenario, we first examined
the extent to which capital formation would limit the imple-
mentation of cogeneration for the paper and pulp, chemical,
and petroleum refining industries. Since these industries
contain over 80 percent of the economically suitable steam
for cogeneration, as determined in our near-term analyses,
they were then used as a basis for computing the maximum
energy savings expected in the year 2000 for all industries.
The major underlying assumption is that capital assigned by
industry for cogeneration investment in 1985 to 2000 would
not represent a disproportionately larger share than the per-
centage of capital used for industrial cogeneration invest-
ment during the period 1976 to 1985.
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One of the many factors that could affect capital in-
vestment is the substitutability of labor for capital. This
factor was not included in our analysis because of the types
of industries with cogeneration potential. The industries
included in our study are very energy intensive. Their manu-
facturing processes are highly automated operations requiring
sophisticated control equipment which cannot be substituted
for by a large increase in the labor force.

RPA's technology mix with and without incentives was
evaluated for the period 1976 to 1985 to determine the ex-
penditures for cogeneration equipment that industrial users
are willing to invest with the anticipation of an acceptable
rate of return. The value of the cogeneration investment
was then related to the total capital investment for the re-
spective three industries to come up with a ratio for cogen-
eration investment. Assuming that steam demand and income
grow at the same rate, we concluded that a 4-percent growth
in steam demand would result in a 4-percent growth in capital
equipment investment after 1985. This growth rate may appear
to be optimistic for some industries; however, it was inten-
tionally set to reflect the best possible growth for cogen-
eration development in the long term.

The percentage of cogeneration equipment investment is
about 6.4 percent per year for the three industries using
RPA's mix without incentives for the period 1976 to 1985.
Using the same mix with incentives, the rate of investment
for the same period is about 8 percent a year. These percent-
ages were used to set an estimate for cogeneration growth in
the three industries, We next extrapolated the estimate to
include all industries. By taking the estimate for all indust-
ries and increasing it for economic driving forces, such as
energy prices, we determined that a reasonable estimate of
the maximum energy savings from cogeneration in the year 2000
would be approximately 2 QUADs or the equivalent of about
945,000 bbl/d of crude oil. Ift perspective, this amounts to
an approximate 1.7-percent reduction in energy use as f ore-
casted in the National Energy Plan II.

Although capital investment was the major assumption
for identifying the annual energy savings estimate of 2 QIJADs
in the year 2000, we believe that the encouragement of coal-
using plant options and the commercial introduction of coal-
derived fuels will have a significant bearing on the potential

* for cogeneration in the long term. The use of coal, its im-
portance, problems, and cogeneration plant options are dis-
cussed in the succeeding parts of this chapter.
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THE USE OF COAL--ITS IMPORTANCE,
PROBLEMS, AND DEVELOPMENT OPTIONS

Increasing our coal use is important because, although
coal represents 90 percent of the Nation's total fossil fuel
reserves, it currently supplies only approximately 18 percent
of the energy needs. The importance of coal use grows as our
dependence on foreign energy sources increases. The NEA leg-
islation discourages the use of natural gas and highly refined
distillates and encourages the use of coal and other alterna-
tive fuels, creating opportunities for replacing and modify-
ing boilers.

The move, however, to coal from oil and gas raises many
problems. Potential investors in coal-fired facilities may
well hesitate because of environmental, safety, logistical,
and regulatory problems associated with coal. The major prob-
lem appears to be environmental since the use of coal requires
expensive air pollution devices. In a previous report we es-
timated that electric utilities' cumulative additional capi-
tal costs for controlling emissions could be $19.1 billion
and $26.4 billion by 1985 and 2000, respectively. 1/ In addi-
tion, annual operating costs would be $1.3 billion-and $2.3
billion in each respective year.

Coal handling and preparation is expensive and cannot
be done easily by small and medium-sized facilities. Boilers
burning coal are large in comparision to the small packaged
boilers which are cheap, burn oil or natural gas, and thus
pose little environmental concern. It appears that the answer
to the question of burning coal economically, particularly
for the small and medium sized users, rests with the ability
of the Federal Government to encourage the introduction of new
technology either using coal directly or coal converted to
gaseous or liquid fuels. Some of the potential coal-derived
fuels which could enter the energy supply picture as clean
fuels derived from coal and could be used during the period
from 1985 to 2000 are: (1) low-Btu gas, (2) medium-Btu gas,
(3) high-Btu gas, and (4) coal-derived oil. The following
table summarizes the characteristics of these fuels and
their use in a cogeneration system.

l1/"U.S. Coal Development--Promises, Uncertainties," EMD-77-43,
Sept. 22, 1977.
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Table 4-1
Characteristics and Applications of Coal-Derived

Fuels in Cogeneration Systems

Type of conversion

Coal to low- Coal to mid- Coal to high- Coal-derived
0racteristics Btu gas Btu gas Btu gas oil

Heat 100 - 200 200 - 500 950-1,050 17,000-19,000
content Btu/standard Btu/standard Btu/standard Btu/lb

cubic foot cubic foot cubic foot

Conversion 72% to 81% 70% to 76% 56% to 68% b/
efficiency (cold gas)
(note a)

Economy of Comercial- Needs oxygen Large plants Very large
scale ly avail- plants; only only plants only;

able at less large plants availability
than 8 tons/ economic estimates of
hour of coal; 1/2 million
large plants bbl/d in 1990.
operative in
Europe

Limitations Transmission Transmission None, full None, full
limited to over several substitution substitution
short dis- hundred miles for natural for distillate
tances gas fuel oil

Applications

In cogeneration Ideal in com- Central gas Could be used Could be used
systems bined cycle supply sta- in all cowner- in all commer-

cogeneration tions; ideal cially avail- cially avail-
system for combined able cogenera- able cogenera-

cycle cogenera- tion systems tion systems
tion systems

As retrofit Requires Some changes No changes No changes
project changes to may be required necessary necessary

combustion to combustion

a/Excludes the heat content of other comustibles produced by the conversion process.

P/Conversion efficiency unavailable.
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One of the major drawbacks of cogeneration is the avail-
ability of fuels and the problems of burning coal in its
solid state economically in small boilers--under 100 million
Btu's per hour input. The conversion of coal to gaseous or liq-
uid fuels permits further use of natural gas and oil boilers
and internal combustion engines. Although some manufacturers
claim very high conversion efficiencies, the conversion of
coal to coal-derived fuels causes energy losses. To compen-
sate for these losses, the high efficiencies of cogeneration
applications offer opportunities to equal or even exceed the
efficiencies attained in direct coal-fired operations. Thus,
encouraging coal-derived fuel consumption for cogeneration
would provide increased amounts of energy from coal in a man-
ner that is more environmentally acceptable and more efficient.

Cogeneration is an issue which cannot be explored by it-
self, but should be considered in the light of an overall
fuel strategy. The Powerplant and Industrial Fuel Use Act of
1978 calls for a strategy based upon the use of coal and other
alternate fuels. Therefore, as new technology and coal-derived
fuels become available, cogeneration development after 1985
should encourage coal utilization with substantial shifts away
from oil and natural gas.

Plant options based on coal utilization

Cogeneration was once a well accepted application until
industry could purchase cheap and available electricity to
meet their power demands and could burn oil and natural gas
in inexpensive packaged boilers to produce process steam.
Whether cogeneration can become a well-accepted practice again
depends, in part, on the development and availability of coal
and coal-derived fuels, and the plant options that are avail-
able to industry and utilities to obtain either electricity

* or steam.

To identify some plant options available to industry and
utilities to burn coal, we considered a likely fuel supply
structure which is in agreement with the objectives of the
Nation's energy goals:

--A modest growth of nuclear power generation by
the year 2000.

--A high level of coal production by 2000.-f --An effective national energy policy which seeks
to burn fuels more efficiently, reduce oil imports,
and maintain a constant natural gas usage.
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Based on the assumption that coal will provide approxi-
mately 34 to 40 percent of the primary fuel consumption by
the end of the century, the plant options shown in table 4-2
have been identified as those which may encourage or discour-
age the use of cogeneration. Cogeneration systems introduced
under these plant options by a utility or an industrial end
user depend upon or will be influenced by an assured supply
of fuel or a range of fuels, the availability of highly reli-
able cogeneration equipment with low costs for operation and
maintenance, the industrial users' access to reasonably priced
electricity, and the utility's ability to sell steam at com-
petitive prices. These conditions might occur in parallel
with each other, might be mutually exclusive in certain re-
gions, States, or localities, and might be economic in one
environment and not in another. The table provides an assess-
ment of plant options that have some likelihood for develop-
ing in the next 20 years.

According to the administration, if there is not a mod-
est growth in nuclear power generation, coal by itself cannot
displace the total generating capacity that would have been
supplied by nuclear power. In the absence of nuclear power,
it is highly doubtful that over the long run enough coal-fired
plants can be built to meet projected electricity consumption.
Coal-fired plants already are somewhat more expensive than
nuclear power in many regions. In some areas, new coal-fired
plants can be flexibly sited outside the "nonattainrnent" air
quality regions. However, as more such plants are built,
there will be fewer areas left where additional plants can
be sited. The administration believes that at some point
there will probably be a ceiling on the amount of coal-fired
power that can be substituted for nuclear electricity. This
situation could certainly stimulate the interest by industrial
facilities to cogenerate.

In addition to the questions concerning the future role
of nuclear power, there are many other issues and uncertain-
ties associated with the acceptance of cogeneration. These
issues, such as fuel availability, fuel prices, and environ-
mental concerns, are discussed in the next chapter.
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CHAPTER 5

ISSUES AFFECTING COGENERATION

Four major issues affect the acceptance of cogeneration
technology: economic, environmental, regulatory, and insti-
tutional. It will take a concerted, cooperative effort on the
part of industry, utilities, and State and Federal Govern-
ments to settle, or at least somehow deal with, these issues
if cogeneration is to play a significant role in the Nation's
conservation efforts.

ECONOMIC CONSIDERATIONS

Economics is the most significant issue affecting the
acceptance of cogeneration. Cogeneration like other business
opportunities is adopted or rejected on the basis of its pro-
ductive capabilities and its earnings potential. Industrial
companies have indicated that the economic rate of return on
investment is their single most important investment decision
criterion. Companies contacted during our review desired a
return on investment from a low of 10 percent to a high of
30 percent for cogeneration investments. The major factors
affecting the rate of return on investment include the capital
costs and the cost savings realized from cogeneration when
compared with the alternative costs of separate operations--
inhouse steam production and purchased electricity.

High capital investment

Cogeneration systems are expensive, easily requiring
millions of dollars for capital investment. As described in
chapter 2, capital costs are tied to the type of cogeneration
configuration, or technology, selected. Table 5-1 illustrates
how the type of system affects capital costs. The table shows
that the systems using oil or gas are noticeably cheaper than
those using our most abundant fuel, coal.

However, the type of system is not the only factor in
determining costs. Capital costs also depend on the size of
the cogeneration plant. Due to economies of scale, unit
capital costs can diminish ais the cogeneration system's capac-
ity increases. Table 5-2 illustrates the economies of scale
in facilities generating power with a steam turbine cogener-
ation system. The table shows that smaller units are more
expensive per kW produced than larger units. Although pcon-
omies of scale reduces costs for larger units, the systems
are still very expensive.
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Table 5-1
Capital Costs per kW Installed
for Cogeneration Systems

(1977 Dollars)

Size of System
Type of system 1 MW 5 MW 20 MW

-(cOst per kW)

Gas turbine $ 650 $ 500 $ 400
Steam turbine

Coal fired 2,500 1,250 1,000
Oil fired a/ 875 575

Diesel 530 550 a/

a/Cost estimates unavailable.

Table 5-2
Capital Costs for

Power Generation Using
a Steam Turbine Cogeneration System (note a)

(1977 Dollars)

Size of generation Total cost
unit in MW Cost/kW (millions)

5 $353.0 $1.76
10 281.0 2.81
20 223.0 4.46
50 165.0 8.25

100 131.0 13.10
500 77.2 38.60
1,000 61.4 61.40

a/Cost figures in tables 5-1 and 5-2 are not comparable.
-* , Figures in table 5-1 relate to total cogeneration systems,

whereas table 5-2 relates to the power generation
components and does not include boilers.

Cost savings depend on plant utilization, and
fuel and electricity costs

Cost savings depend on the extent that cogeneration
capacity is used, the cost of fuel, and the cost of electric-
ity from alternative sources. The extent that a cogeneration
system is used directly affects the opportunities for cost
savings. For example, refining and chemical industries norm-
ally operating three shifts, 24 hours a day, 365 days a year
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would benefit more than an industry operating only one shift.

The following graph illustrates that as the operational hours
increase the cost of electrical generation per kWh decreases.

FIGURE 5-1

TYPICAL DISTRIBUTION OF ELECTRICITY PRODUCTION COSTS
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Cogeneration equipment is most efficient when operated
at design load capacities, producing both steam and electri-
city. Unbalanced steam and electricity demands will decrease
efficiency and thereby reduce the cost savings.

Fuel cost and availability

Cogeneration requires more fuel than does producing only
process steam. Cost savings occur when the additional fuel
required costs less than what would have been spent on util-
ity supplied electricity. Predicting fuel prices and avail-
ability is an integral part of estimating these savings.
Uncertainties and risks such as crude oil shortages, future
natural gas curtailments, Government requirements to convert
from oil and gas to coal, deregulation of gas prices, unsta-
ble coal prices, and the future capability of the coal min-
ing and transportation industries to meet demand must be
considered. The Powerplant and Industrial Fuel Use Act of
1978 (Public Law 95-620) calls for several actions to promote
coal and other alternate fuels as primary energy sources.
One of the most significant actions is the prohibition against
the use of oil and natural gas in new electric utility gener-
ation facilities and in new major fuel-burning boiler in-
stallations. According to a DOE official, the prohibition
would also apply to existing facilities that retrofit to in-
stall cogeneration capability because the retrofit would be
considered a major renovation.

The Fuel Use Act also gives the Secretary of Energy
authority to prohibit oil or natural gas use in existing
electric powerplants and major fuel-burning installations
where coal or alternate fuel capability exists. According
to Department officials, these fuel use restrictions would

not be enforced for cogeneration facilities because they
could not foresee when a prohibition order would be issued
to an existing cogenerator. Selected provisions of the act
along with DOE's interim implementing rules are discussed
in more detail in chapter 6.

Considering the above uncertainties and risks, some in-
dustrial officials are reluctant to increase fuel demand
through cogeneration. In fact, some industries might switch
from steam-powered to electrical-powered equipment, thus
leaving the fuel problem to the utilities. In industrial
operations the demand for process steam is the primary concern.
Cogeneration potential, therefore, is directly proportional
to the steam demand.
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Cost of electricity

Electric power rates also affect cost savings derived
through cogeneration. Because cogeneration enables industry
to replace purchased electrical power with cogenerated power,
cogeneration is more economically attractive when the elec-
tric rate is high.

The predominant rate structure used to price electricity
by utilities is the declining block rate. This means the
price of each additional unit of electricity declines as con-
sumption increases. Declining block rates were introduced
to promote electricity consumption so that utilities could
expand, enjoy the benefits of economies of scale, and reduce
the average price to all users. For years declining block
rates worked--consumption rose rapidly and the lower costs
of new capacity brought average costs down. From the turn
of the century until 1970, U.S. electric power requirements
grew at an average annual rate of about 7 percent.

Under the Public Utility Regulatory Policies Act of 1978
(Public Law 95-617), each State regulatory authority and non-
regulated electric utility must consider the appropriateness
of implementing various standards, such as restric.ting the
use of declining block rates and determining the cost of
service. Prior to 1970 there was some economic validity sup-
porting declining block rates. Since 1970, however, because
of increasing construction costs for new central powerplants
and the absence of further improvements in generating effi-
ciency, the cost of electricity from new plants is higher
than the average cost of electricity from existing plants.
Thus, rates that promote increased electrical consumption
and lead to the need for new generating facilities can raise
the average cost of electricity to all users. According to
the administration, such rates do not accurately reflect the
costs of electricity generation and transmission.

RPA reported that if declining block rates are elimina-
ted, and flat electric rates are established for all customers
regardless of consumption, industrial users would incur elec-
tricity price increases ranging from 10 to 32 percent. Such
a price increase could mean a considerable increase in the
cost savings derived through cogeneration. Industrial elec-
tricity prices have increased in the last 5 years and are
expected to keep increasing faster than the inflation rate.

Utility standby charges can also affect cost savings.
An industrial plant, to ensure a high degree of reliability,
would maintain a connection with the utility grid system to
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purchase additional electricity as needed, such as when the
cogeneration system provides only a portion of the power re-
quired or is not operational. Utilities who charge for this
standby service consider these charges necessary to protect
their investment in facilities which make backup service
possible. Standby charges which are in addition to and gen-
erally higher than conventional rates can lower the cost
savings from cogeneration. The specific effect of standby
charges depends on the amount of electricity required to main-
tain critical operations and the purchase price negotiated
with the utility.

The Public Utility Regulatory Policies Act of 1978 con-
tains provisions which remove disincentives to cogeneration
by requiring electric utilities to sell power to qualifying
cogeneration facilities at nondiscriminatory rates. The
State of California Public Utilities Commission has already
moved in this direction by requiring the State's three major
utilities to provide specific rate proposals to enhance co-
generation, including revisions to standby rates. Two of the
three utilities have already exempted cogenerators from the
requirement to pay discriminatory standby charges.

Capital availability

Regardless of how economical cogeneration might prove
to be, many companies may not have sufficient capital to
finance a cogeneration project. Capital availability can
change over time for each company and each industry. However,
in many cases, industry has expended available capital on
product-oriented investments required to ensure earnings in
their primary business area and on government-mandated proj-
ects such as pollution control. Many industries have also
been plagued by a severe shortage of equity capital since
the late 1960s. 1/ Therefore, the capital necessary to fi-
nance cogeneration might have to be obtained by increasingdebt. However, an already high debt-to-equity ratio due to

past borrowing, coupled with additional borrowing for cogen-
eration, could result in an unacceptable debt level. Also,
the cost of borrowed funds increases as the debt-to-equity
ratio increases.

I/Thermo Electron Corporation, A Study of Inplant Electric
Power Generation in the Chemical, Petroleum Refining,
and Paper and Pulp Industries, p. 1-4.
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ENVIRONMENTAL CONSIDERATIONS

Another important issue concerning the acceptance of
cogeneration is the effect it may have on the environment.
At specific locations greater emissions of pollutants could
occur because cogeneration facilities must be located near
industry due to the inability of steam to travel large
distances. The environmental implications of cogeneration
must be determined through a case-by-case analysis based
on consideration of existing conditions, and on both Federal
and State Government environmental policies. However, for
the Nation as a whole, increased cogeneration should have a
favorable environmental impact. Depending on the fuel used,
the higher fuel economy achieved per kWh brings a correspond-
ing reduction in the emission of pollutants from reduced
utility electricity generation.

Federal authority over air quality dates back several
years to when the Congress enacted a number of laws to enhance
and protect air resources. The Clean Air Act of 1970, as
amended (42 U.S.C. 7401, et seq.), directed the Environmental
Protection Agency to establish minimum national air quality
standards. EPA established primary and secondary standards
for six classes of pollutants--sulfur dioxide, particulate
matter, carbon monoxide, hydrocarbons, nitrogen oxides, and
photochemical oxidants. Primary standards were set at levels
necessary to protect the public health, and were to be
achieved by 1975 in nearly all parts of the country. Second-
ary standards were designed to protect against such adverse
effects as crop damage, reduction in atmospheric visibility,
and corrosion of materials, and were to be met in time frames
considered reasonable by EPA.

In many areas of the country, neither the primary nor
the secondary standards have been attained. These areas are
called nonattainment areas. A strict interpretation of the
Clean Air Act would prevent the siting of all new air pollut-
ing facilities in nonattainment areas. Once existing nonat-
tainment areas came into compliance, new facilities could be
sited as long as the new pollutants did not interfere with
maintenance of the standards or prevention of significant
deterioration of air quality requirements.

However, in December 1976, EPA announced an offset policy
setting forth conditions under which new facilities could be
sited in nonattainment areas while conforming to the require-
ments of the Clean Air Act. The policy allows new sources to
be located in nonattainment areas as long as, among other
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things, the new pollutants are more than offset by a reduc-
tion in emissions of the same pollutants from existing facil-
ities in the same area. In addition, individual States which
have the responsibility to implement Clear Air Act require-
ments can set stricter new source regulations than those of
the Federal Government.

The effect that environmental policies can have on cogen-
eration is illustrated in a report on issues affecting cogen-
eration in California prepared by the staff of the California
Energy Resources Conservation and Development Commission.
The report states that although a potential of about 1,800 MW
of cogenerated electric power has been identified in the
State, the development of this potential is predicated on the
resolution of several important issues, and perhaps the single
most pressing issue is the air quality impact.

The report states that the additional fuel required for
cogeneration will cause the cogeneration installation to
come under air pollution regulations such as the New Source
Review rules in force in all California air pollution control
districts. Under these rules, in areas where pollution lev-
els currently exceed State or national ambient air quality
standards, new pollution is allowed only when an existing
pollution source can be decreased by an amount which exceeds
the additional new pollutants involved. In areas where air
pollution regulations dictate stringent controls, such pollu-
tion trade-offs can be difficult to obtain. According to
the report, even where such emission reductions are possible
through in-plant changes, industry might choose to use the
trade-off to implement higher priority projects such as in-
creasing production facilities rather than adding cogenera-
tion capability.

The comments received from three industrial sector orga-
nizations suggested that cogeneration emission allowances
should be based on combined power and thermal energy produc-
tion, and not on the fuel fired. Such a standard, basing
the allowable emissions on a boiler's output versus its input,
would provide, according to the commenters, an incentive for
cogeneration. An alternative method of removing environmental
constraints was proposed in DOE's comments. Their solution
would expand the nonattainment "bubble" to include the af-
fected utility. The "bubble" would then show an emission
decrease due to cogeneration, even on coal. DOE stated that
this solution was formally suggested to them on November 14,
1979, by EPA representatives.
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EPA has issued New Stationary Sources Performance
Standards for Electric Utility Steam Generating Units, which
revised the standards of performance for emissions of sulfur
dioxide, particulate matter, and nitrogen oxides. These reg-
ulations require new, modified, and reconstructed electric
utility steam generating units to use the best demonstrated4
continuous emissions reduction system. These EPA regulations,
effective June 11, 1979, apply to electric steam generating
units for which construction commenced after September 18,
1978, and that have the capability of firing more than 73 MW
(250 million Btu's/hr.) heat input of fossil fuel. This cat-
egory will include some industrial cogeneration facilities.
Specifically, industrial cogeneration facilities that sell
at least one-third or more of their potential electrical out-
put capacity or at least 25 MW of electricity are covered.
The standards also apply to large electric utility cogenera-
tion facilities because such units are considered by EPA as
electric utility steam generating units.

According to an EPA official, another set of emission
standards applicable to industry will soon be issued which
will also encompass the majority of cogeneration facilities.
Until these industrial standards are established, the effect
of EPA's utility emisslons standards on cogeneration develop-
ment is uncertain.

REGULATORY AND INSTITUTIONAL CONSIDERATIONS

Industry management is reluctant to become involved in
what is considered a highly regulated and capital intensive
activity, electricity generation. Generally, industry repre-
sentatives do not consider electricity generation as part of
their business. As a matter of fact, some view projects such
as cogeneration that do not increase production or expand
their primary product market as discretionary investments,
sometimes requiring a return on investment of as high as 30
percent. The return on investment hurdle is especially true
of industries that historically have not generated electrical
power.

Industries are also concerned about Federal and State
regulation which could require their plants to deliver cogen-
erated electricity to the grid to meet utility reserve or
emergency capability, thus jeopardizing industrial plant
operations. The risks and uncertainties of regulation are
significant enough to discourage the chemical and petroleum
refining industries, having the most potential for cogenerat-
ing surplus electricity, from producing and selling excess
electricity to the utility.
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Through the Public Utility Regulatory Policies Act of
1978, FERC has the authority to exempt qualifying cogenera-
tion facilities from State laws and regulations as well as from
the Federal Power Act and the Public Utility Holding Company
Act, if it determines such exemption is necessary to encour-
age cogeneration. Rules have been issued by FERC directed
towards removing the regulatory constraints for many cogen-
erators. A more detailed discussion of these rules is in
chapter 6.
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CHAPTER 6

A FRAMEWORK FOR RESPONSIBLE

COGENERATION POLICY DEVELOPMENT

CONCLUSIONS

In the preceding chapters of this report, we presented
a comprehensive overview and examination of cogeneration, its
technology and characteristics and the constraints affecting
its future application. We also analyzed the possible effects
of various levels of cogeneration on our Nation's energy sys-
tem through four scenarios which assumed cogeneration devel-
opment from the status quo to the maximum amount technically
possible. For each scenario we made certain assumptions with
regard to the amount of steam that would be economically suit-
able for cogeneration, the availability and types of technol-
ogy that could be used to cogenerate, the amount of utility
power that would be displaced by cogenerated power, and the
types of incentives that could be use to promote cogeneration.

Based on our assessment, we believe that cogeneration
technology is commercially available which can be adopted by
both industry and utilities for use at their facilities.
Although there are numerous constraints affecting the accept-
ance of this technology, certain actions can be taken and
incentives provided which can encourage cogeneration
development. In our opinion, the actions to foster cogener-
ation must be based upon getting all interested partiesI involved. On the other hand, the incentives provided should,
in our view, be balanced against the national benefits that
are expected to be derived. From our analyses, we have con-

* cluded that the incentives case, which will require Federal
and State actions, represents the most reasonable and likely
conditions for cogeneration development in the near term.
This case contains a sampling of the types of incentive op-
tions which can be used to promote cogeneration.

This scenario, for the three industries which are prime
candidates for cogeneration, assumes a heavy concentration
of coal and waste fuel based cogeneration. It also takes
into consideration those issues which are of prime importance
to our national energy policy and to industry and utilities,
namely, marginal cost pricing of energy and exemption from,
or a relaxation of, Government regulations. These types of
issues and actions will, in our view, increase the economic
attractiveness of cogeneration and thus add to the amount
of cogeneration that will occur under normal conditions. In
essence, this case demonstrates that cogeneration can play a
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role in our Nation's efforts to conserve valuable fossil fuels.
Under this scenario, energy savings from cogeneration in the
three industries would approximate .48 to .75 QUADs, or the
equivalent of 228,000 to 354,000 bbl/d of crude oil in 1985.
The maximum energy savings in the year 2000, within the cur-
rent industrial capital investment structure, would approxi-
mate 2 QUADs, or the equivalent of 945,000 bbl/d of crude oil.

Given the potential that exists for cogeneration, the
question remains of what needs to be done to foster its
development. In our view, the development of cogeneration as
a viable conservation measure is highly dependent on the
policies and regulations formulated at the Federal and State
levels and directed towards removing or alleviating many of
the barriers or constraints that cogeneration faces.

The NEA is a step in this direction since it includes
provisions which require the consideration of Federal utility
rate standards, 1/ authorize exemption of qualifying cogenera-
tion facilities -rom FERC and State public utility regulation,
and authorize exemption of cogenerators from prohibitions on
the use of natural gas and petroleum. Some of these provi-
sions were considered in our analyses and demonstrate that
the actions which can be taken by the Government can clearly
influence the acceptance of cogeneration. It is imperative,
however, that the rules and regulations being developed by
DOE, FERC and the Treasury Department to carry out the NEA
provisions be developed in the full context of an intention
of the act--to encourage cogeneration.

In conclusion, we believe that a coherent Federal cogen-
eration policy that is consistent with State and regional
interests can be developed to encourage coal and alternate
fuel use for cogeneration with a controlled shift away from
oil and natural gas. In the succeeding parts of this chapter,
information is presented on the various policy options that
are available for consideration in promoting cogeneration
and our views and proposals on the policy that should be
selected. We also present the framework around which the
Federal policy and the pertinent rules and regulations could

1/With respect to rate standards, in three reports dealing
with Government agencies involved in the electricity area,
Tennessee Valley Authority, Bonneville Power Administration
and Western Area Power Administration, we have suggested
that these agencies implement several funding and pricing
mechanisms to increase the cost of power and thereby encour-
age conservation measures such as cogeneration (EMD-78-91,
Nov. 29, 1978; EMD-78-76, Aug. 10, 1978; and EMD-79-73,
Oct. 16, 1979).
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be developed to encourage cogeneration on a local, State, and
regional basis and the need for an office within DOE to
oversee cogeneration-related activities.

POTENTIAL COGENERATION POLICIES CAN
PROMOTE DIFFERENT TYPES OF FUEL SAVINGS

An important consideration in any policy option that is
selected as a basis for cogeneration development is the re-
sulting shifts in the types of fuels that would be used to
cogenerate. Various policies producing different results in-
clude encouraging cogeneration (1) within current industrial
fuel use patterns to maintain the existing fuel distribution
balance, (2) as an alternative source of electricity power by
emphasizing electricity generation, (3) as a means to maximize
coal use by restricting oil and natural gas consumption, and
(4) as a conservation measure emphasizing coal and alternate
fuel use with a controlled shift away from oil and natural
gas.

The first policy option would seek to maintain a fuel
distribution balance defined by current industry fuel use
patterns. Cogeneration technology implemented under this
policy would normally use the same types of fuel industry
now uses to produce steam. Under this policy, the Govern-
ment would allow the continued use of oil and gas by industry
provided that they adopted the use of cogeneration. Since
industries would use more fuels with cogeneration, energy
savings clearly would be derived from the utility elec-
tricity generation displaced by industrial cogenerated elec-
tric power. Federal involvement would be limited to ensuring
that industry is cogenerating. Cogeneration, then, would
develop without regard to any Federal coal conversion require-
ments.

The second policy of emphasizing electricity generation
requires implementing cogeneration systems which predominantly
use oil and natural gas as fuels. These systems that maximize
electrical output will also maximize energy savings because
of the utility generation offset by cogenerated electricity.
This policy is illustrated in our two maximum scenarios assum-
ing the exclusive use of distillate oil fired gas turbines.
While energy savings would significantly increase, crude oil
imports would also greatly increase. Obviously the role of
cogeneration with this policy option would be counter-
productive towards decreasing the Nation's use of imported
fuels and converting to coal.
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The third policy alternative would maximize coal use by
restricting oil and natural gas cogeneration. Cogeneration
systems implemented under this policy would generally burn
coal, with only a few systems able to use oil and natural gas
in specific instances. The majority of systems would require
the use of steam turbine topping configurations which are
capable of using coal or waste fuels. This policy would in-
hibit cogeneration development by preventing small and medium
sized users from considering cogeneration because of the
disproportionately higher investment required to use coal.

The fourth policy option would encourage cogeneration
as a conservation measure emphasizing coal and alternate fuel
use, with a controlled shift away from oil and natural gas.
While oil and natural gas would still be used to cogenerate,
this policy would use a mix of cogeneration technologies and
emphasize the use of coal and other alternate fuels. This
approach for implementing cogeneration systems would seek a
quantitative balance between oil and gas savings and total
energy savings until 1985. This would provide a mechanism
for a controlled shift away from imported fuels. This policy
option, as indicated in our no action and incentives scenarios,
does not save a substantial amount of energy; however, oil
imports will decrease. After 1985, oil and gas use should
become less important as advanced technologies using coal
and coal-derived fuels become commercially available.

GAO'S PROPOSALS FOR ENCOURAGING
COGENERATION DEVELOPMENT

4 A cogeneration policy, in our opinion, which seeks to
conserve energy with emphasis on oil and gas savings could
establish a role for cogeneration in our Nation's conserva-
tion efforts. This approach would be consistent with the na-
tional objectives of decreasing overall energy consumption,
burning fuels more efficiently, and decreasing our use of
imported fuels.

It would be directly in line with the Powerplant and
Industrial Fuel Use Act of 1978 which promotes the use of
coal and other alternate fuels by major fuel-burning instal-
lations but recognizes that oil and natural gas use may some-
times be desirable, such as with cogeneration applications.
In essence, the policy should focus on the use of coal and
alternate fuels with a controlled shift away from oil and( natural gas.
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The following sections first discuss the proposed co-
generation policy framework, including a strategy for its
implementation, and then relate the pertinent NEA provisions
with the policy.

The policy should encourage coal use
with a controlled shift away
from oil and gas

A Federal cogeneratibn policy should be based upon fos-
tering those technologies that emphasize coal and alternateI
fuel use as well as recognizing the need for some oil and
natural gas consumption. The level of oil or natural gas
fired cogeneration should be linked to the growth of cogen-
eration technologies which are coal or alternate fuel based.
This linkage would allow oil and natural gas use without fear
of increasing the level of imported fuels.

For illustrative purposes, we examined the linkage be-
tween oil and gas cogeneration and coal use at six complexes
in the Gulf States area where large chemical firms cluster.
Each complex requires 3 to 4 million pounds of steam per hour
and 400 MW of power. We assumed that the steam is cogener-
ated using coal by utility-operated steam turbines. These
steam turbines, producing a total of 24 million pounds of
steam at a load factor of 90 percent, will generate about 10.4
billion kWhs annually, or about 55 percent of the actual power
demand for the six complexes.

As shown in table 6-1, under these conditions we esti-
mated that cogeneration saves a large amount of natural gas
and some oil.

Table 6-1
Energy Savings Due to Cogeneration

at Six Complexes in the Gulf States Area

Gas Oil Coal

(trillion Btu's per year)

Industry -237.6 -12.2 -0-

Utility - 92.1 - 1.5 +246.7

Energy savings -329.7 -13.7 +246.7

Net energy savings -96.7
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The savings in natural gas amount to about 5.2 percent
of all 1976 industrial natural gas use nationwide. These sav-
ings are achieved with an approximate .8-percent increase in
coal use by the utilities. The gas released by these indus-
tries and utilities can be used by some small industrial
cogenerators for whom coal use is uneconomical because of un-
favorable economies of scale. This offset would not be on
a one-for-one basis, but one factor among many taken into
account in permitting oil and gas use.

Although substantial natural gas savings can be attained
in the Gulf States area, other regions may save more oil or
even possibly coal. The types of fuel savings from large
coal or alternate fuel fired cogeneration facilities will
vary by region, depending upon that area's cogeneration po-
tential, access to fuel, and the environmental and economical
considerations. If large cogeneration plants using coal or
other alternate fuels could be encouraged and made economi-
cally attractive, some of the displaced oil and gas could be
made available to other small and medium sized industries to
make cogeneration more universally attractive.

A coherent Federal cogeneration policy and strategy that
is consistent with State and regional interests can be devel-
oped to encourage coal and alternate fuel use with a control-
led shift away from oil and natural gas. Such a policy and
strategy, in our opinion, should

--seek to balance and maximize oil and natural gas
savings with overall energy savings;

--recognize regional differences regarding fuel use and
fuel availability and ensure regional equity in bene-

-~ fits and costs;

--be based upon reasonable expectations of cogeneration
development;

--balance Federal expenditures for financial incentives
in support of cogeneration and expected national
benefits from cogeneration; and

--be based upon the need to get all interested parties--
Federal agencies, industry, utilities, and State
agencies--actively involved in the development of

cogeneration.
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An implementation plan which considers these characteristics
and takes into consideration existing NEA legislation is
described below.

User classes need to be established
and State and regional planning is
necessary for implementing the policy

The strategy for implementing our proposed policy in-
cludes (1) classifying cogenerators by their size and type
of fuel use and (2) using a State and regional planning
mechanism to monitor and ensure that cogeneration-related
fuel shifts occur consistent with national goals. A cogen-
eration strategy which emphasizes a controlled shift away
from oil and natural gas use would link oil and natural gas
cogeneration to coal and alternate fuel based cogeneration.
Some of the oil and natural gas freed from coal and alternate
fuel based cogeneration could then be used without fear of
increasing the use of imported fuels.

To achieve this linkage, user classes should be estab-
lished by DOE to place cogeneration facilities into categories.
User classes 1/ would categorize cogeneration facilities by
size and by types of fuels involved. Those facilities that
would be expected, with all other factors being equal, to use
coal or alternate fuel based cogeneration systems would be in
one class. Large plants and utilities more likely to fit in
this class (Class A) would be encouraged to use coal fired
cogeneration systems. Smaller facilities, for example, with
less than 600,000 pounds per hour of steam capacity, includ-
ing small and medium scale utility-industry partnerships,
would be another user class (Class B). Class B oil and nat-
ural gas cogenerators would be tied to the regional level of
fuel savings by Class A users. In other words, as coal and
alternate fuel based cogeneration freed up oil or natural
gas within the region, some of those oil or natural gas sav-
ings could be used to decide the extent of oil or natural gas
fired cogeneration systems.

This approach, encouraging the use of coal and alternate
fuels at larger facilities and providing some of U-'&e displaced
oil and gas to be made available to small and medium sized in-

1/The actual number of classes and the split between classes
would have to be set with the input of utilities, indus-
tries, and other interested parties. For the purpose of
our description, we assumed two classes and the split be-
tween these being facilities with 600,000 pounds of steam
per hour capacity.
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dustries, would make cogeneration more universally attractive.
Thus, cogeneration would be desirable in terms of national
energy savings, encouraging the use of coal and alternate fuels,
and using fuels more efficiently.

A voluntary State and regional energy planning mechanism
could be utilized to monitor the implementation of this
strategy. To assess the changes in fuel use patterns caused
by the implementation of user classes for cogeneration, exist-
ing and projected energy use patterns could be developed at
the State level with the voluntary participation of industry,
utilities, public utility commissions, State energy commis-
sions, and DOE. Such patterns are already developed in some
States, such as Texas. (See appendix V.) States would
identify classes of potential cogeneration sites by size of
facility and projected fuel consumption. The energy consump-
tion data would be aggregated at the State level to show fuel
shifts due to cogeneration and then submitted to the DOE re-
gional office.

The DOE regional office would, on the basis of industry
data and in cooperation with appropriate State offices, aggre-
gate the data to determine net regional fuel shifts due to
cogeneration. Using this aggregated data, cogeneration devel-
opment could be assessed primarily on the basis of user clas-
ses, projected fuel consumption, and location of the potential
cogeneration facility. Oil and natural gas use goals for co-
generation could serve as a measuring device for DOE regional
offices to quantify cogeneration-related fuel shifts. If the
goals were not being met at the regional level, DOE could then
use its regulatory powers under the Powerplant and Industrial
Fuel Use Act of 1978 to reassess the appropriateness of grant-
ing any further oil and natural gas cogeneration exemptions
in that region.

In reviewing the aggregated State data, DOE should con-
sider regional inequities. In some regions, coal use is not
developing due to its unavailability or environmental con-
straints. DOE should recognize these constraints when asses-
sing and developing cogeneration plans. For example, where
coal and alternate fuels cannot be used, oil or natural gas
fired cogeneration would be allowed on the basis that the
conventional system could obtain an exemption to use oil or
natural gas.

The guiding principles would set cogeneration tpolicies
to first maximize coal and alternate fuel use and tnen save
oil and natural gas. The principles, however, should allow
oil and natural gas consumption for cogeneration to the ex-
tent that these fuels will be freed up within the region due
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to coal and alternate fuel based cogeneration. The system
we envision should be maintained to reflect the current char-
acter of industry and utilities. Regional plans would have
to be updated as companies and utilities adjusted their plans
to reflect individual situations.

The policy of linking oil and gas based cogeneration
capacity to the level of coal and alternate fuel based cogen-
eration is relevant for the short term, up to 1985. If small-
er scale coal-based cogeneration technologies become commer-
cially available after the short term, as predicted, the pol-
icy could be revised accordingly.

Interim rules dn fuel use
should support the policy

The Powerplant and Industrial Fuel Use Act, which re-
stricts the use of oil and natural gas, is already based on
user classes, in the sense that the law applies to only those
facilities above a certain minimum size. In applying the law,
DOE has great latitude in defining when oil and natural gas
use exemptions are permissible for cogeneration. We believe
that DOE's Economic Regulatory Administration (ERA), through
their rulemaking, should set a size limitation on those fa-
cilities eligible for the cogeneration exemption based on
user classes as discussed above.

One provision in the act prohibits new major fuel-burning
boiler installations from using petroleum and natural gas as
a primary energy source. However, as an incentive to cogen-
eration, the act permits exemption of cogeneration facilities
from this prohibition provided they demonstrate that the
economic and other benefits of cogeneration can only be ob-
tained by using oil and natural gas.

Because of their size, most new industrial cogenerators
will have to demonstrate their eligibility for an exemption
in order to use oil or natural gas. The act defines major
fuel-burning installations as capable of using fuel at an
input rate of at least 100 million Btu's per hour, or a com-
bination of two or more units located at the same site and
in the aggregate capable of using fuel at an input rate of
at least 250 million Btu's per hour. Industrial cogeneration
facilities generally need a steam demand of at least 100 mil-
lion Btu's to be economically attractive. Therefore, most
new industrial cogenerators will. be classified as major fuel-
burning installations and will be required to comply with
the act.
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Interim rules to carry out the exemption provisions of
the act have been issued by ERA. These interim rules, effec-
tive May 8, 1979, permit oil and/or natural gas use for
cogeneration if a petitioner demonstrates to the satisfaction
of ERA that it meets the following criteria: (1) the oil or
gas to be consumed will be less than that which would other-
wise be consumed in the absence of the cogeneration facility
or (2) it would be in the public interest because of specific
circumstances such as technical innovations or maintaining
industry in urban areas. ERA officials have indicated, how-
ever, that the predominant requirement is oil and/or gas
savings.

If a petitioner who plans to operate a cogeneration
facility cannot qualify to use oil or natural gas under the
cogeneration exemption, it, like any other industrial faci-
lity, can still petition for exemption status under some
other category--such as lack of adequate capital or environ-
mental requirements.

ERA has attempted to encourage cogeneration by generally
requiring less eligibility documentation for the cogeneration
exemption than that which is required from noncogenerators
seeking permanent exemptions. However, ERA's interim rules
do not provide any preferential treatment for cogenerators
seeking an exemption under some other category. For example,
ERA can grant an exemption from the prohibition on petroleum
and natural gas use due to the lack of an alternate fuel sup-
ply at a reasonable cost, if the cost of using the alternate
fuel substantially exceeds the cost of using imported oil.
All facilities petitioning exemption status under these con-
ditions must prepare cost comparision data in accordance with
ERA specifications. Accordingly, a potential cogenerator
would also have to prepare and submit for approval the neces-
sary documentation to obtain an economic exemption to use
oil and natural gas.

- i Thus, petitioners with small facilities that can only
economically use oil or natural gas, but cannot show oil or
gas savings or otherwise qualify for the cogeneration exemp-
tion, are not encouraged to cogenerate. Small facilities,
as indicated in chapter 5, require disproportionately higher
investments before being able to burn coal. A cogenerator
in this situation who seeks a cogeneration exemption but can-
not prove oil or natural gas savings, must then seek an exemp-
tion under some other category, as explained above.
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Another drawback of ERA's interim rules is that large
potential cogenerators who can prove oil or natural gas sav-
ings are not required to disprove that they could have used
alternative fuels in their facility. While ERA's rules recog-
nize that net oil or natural gas savings are beneficial, the
potential savings from that same facility using coal or other
alternate fuels is even more desirable. We believe the rules
should not encourage oil or gas cogeneration in a large faci-
lity if that facility could economically and environmentally
use coal or alternate fuels.

We also believe that ERA's rules should encourage and
not burden potential small cogenerators. ERA has great lati-
tude in defining when oil and natural gas use is peLiuissibie
for cogenerators. A cogeneration policy and strategy as we
have outlined would enable ERA to eliminate some of the eli-
gibility requirements for potential small cogenerators. Fur-
ther, the development of a cogeneration strategy based on
user classes would give recognition to the small industrial
facility whose economies of scale for coal burning are infea-
sible, and simultaneously promote coal at the larger instal-
lations, where coal burning is favorable. If ERA, through
the rulemaking, set a size limitation for the exemption of
cogeneration facilities from the prohibitions of the Power-
plant and Industrial Fuel Use Act, larger facilities would
be encouraqed to cogenerate using coal. At the same time,
small and medium sized facilities would be encouraged to co-
generate using oil and natural gas as opposed to continued use
of these fuels in inefficient package boilers.

Recommendations

We recommend that the Secretary of Energy, in consulta-
tion with other interested parties, including Federal agen-
cies, industry, utilities, and State officials:

--Establish a cogeneration policy and strategy as out-
lined in the preceding sections. This would provide
a framework around which responsible bodies, such as
ERA and FERC, could promulgate rules and regulations
to encourage cogeneration development. Among other
things, the policy should encourage coal and alter-
nate fuel use, but recognize that oil and natural
gas use may be necessary for small and medium sized
facilities in the short term. To implement this
policy, cogenerators should be classified into user
classes, designated by fuel input rates and by fuel
use requirements.

68

" id



--Specify oil and natural gas use goals within c-erall
energy conservation goals for cogeneration by 1985,
1990 and 2000. These goals should recognize the
need for small and medium sized facilities to use
oil and natural gas for cogeneration during the
transition period to renewable resources, and con-
sider the oil and natural gas savings expected from
coal and other alternate fuel based cogeneration. As
such, the goals could be used to provide a measure of
the effects of oil and natural gas cogeneration on re-
gional and State energy consumption.

--Establish guidelines for monitoring oil and natural
gas use goals for cogeneration. These guidelines
should provide instruction to States for assessing
the fuel use of each proposed cogeneration facility.
The States could then determine the effects of co-
generation by user classes on State energy consump-
tion. The guidelines should also provide for DOE
regions to collect the State energy consumption data
and determine if the projected fuel shifts will be
in accordance with oil and natural gas use goals.
This monitoring mechanism can be used to assess, at
the national level, the contribution that cogenera-
tion development will make on reducing oil imports.

We recommend that the Administrator of the Economic
Regulatory Administration:

--Establish a rule for industrial cogeneration facili-
ties that will set a size limitation, in terms of a
fuel input rate, on those facilities eligible for the1cogeneration exemption, thus allowing oil and natu-
ral gas use by small and medium sized facilities.
This rule should be based on the categories of user
classes as designated by DOE in the cogeneration pol-
icy. The user classes would be required to use cer-
tain types of fuel according to size.

--Expand the cogeneration exemption, in accordance
with the categories of user classes, to include
also those petitioners with large facilities that
cannot use coal or other alternate fuels. This
exemption should give recognition to regional dif-
ferences which include access to coal or alternate
fuels and environmental problems.
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Agency and private organization
comments and our evaluation

DOE and two industries commented that the recommenda-
tions covering the development of a national cogeneration
policy are reasonable and that they concur with the recom-
mendations to encourage large cogeneration facilities to
use coal. DOE stated that the Federal Government should not
be responsive to arguments from large industrial users to
grant exemptions for cogenerators who wish to use imported
fuels. Larger users may argue that if they burn scarce
fuels in a cogeneration site., they can show a net reduction
in imported fuel use for their heat and power. However, if
their process heat and power can be generated from abundant
domestic fuels (like coal), the imported fuel reduction will
be significantly greater since the displacement of imported
fuels is 100 percent as opposed to the typical cogenerationfuel savings of 10 to 30 percent.

DOE was concerned with our recommendation that the co-
generation exemption should give recognition to facilities
which would incur economic and environmental problems as
a result of coal use. DOE stated that sufficient studies
of industrial cogeneration using coal in advanced technologies
have been sponsored by DOE to suggest that all of the major
industries will be able to cogenerate using coal with a
return on investment of 10 to 30 percent and show a national
emission reduction of 600 kilotons per year.

We recognize that advanced technologies will become

available which will enable industries to cogenerate using
coal. However, our policy, which is to be implemented for
the short term, is based on technologies that are commer-
cially available today. Once advanced technologies which

-are capable of using coal in an economically sound and en-
vironmentally safe way become commercially available, the
policy should be revised accordingly.

Three industrial commenters had differing opinions on
the policy which encourages coal and alternate fuel-based
cogeneration with a controlled shift away from oil and nat-
ural gas and its implementing strategy. Some of the con-
cern was that the policy did not encourage high electrical
output cogeneration systems which maximize energy savings,
or cogeneration systems which would maintain the current
industrial fuel use patterns and the existing fuel distribu-
tion balance. In addition, there was concern that the
establishment of user classes would require loss of flexi-
bility and regimentation of industrial plants alien to U.S.
industrial management.
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We are recommending a cogeneration policy that is
consistent with the Powerplant and Industrial Fuel Use Act
of 1978. The act promotes the use of coal and other al-
ternate fuels by prohibiting the use of oil and natural gas
in new major fuel-burning installations. The act, however,
recognizes the need for some facilities to use oil and nat-
ural gas by providing several exemption categories from the
prohibition. We propose a cogeneration policy and strategy
which supports the goal of greater coal use, but also en-
courages the more efficient use of oil and natural gas in
those facilities that would normally be allowed to use these
fuels. While a policy which encourages high electrical out-
put systems would maximize energy savings, this policy would
promote oil and gas fired cogeneration systems even when coal
or alternate fuel use could be economical. Thus, the policy
of encouraging maximum electrical output cogeneration systems
in the short term would be counter to the goals of the Power-
plant and Industrial Fuel Use Act.

The development of cogeneration, as explained through-
out this report, involves many participants to overcome the
complex constraints it faces. If cogeneration is to con-
tribute to our Nation's conservation efforts in the short
and long terms, we believe it will require a concerted,
cooperative effort on the part of industry, utilities, and
Federal and State Government agencies to somehow deal with
these constraints.

National Energy Act cogeneration
provi.sions should be developed to

support the national policy

The administration's National Energy Plan announced in
April 1977, included a proposal to eliminate energy waste
and encourage more efficient use of fuels through the cogen-
eration of power and useful thermal energy. The intention
of the administration was to achieve energy savings by en-
couraging industrial acceptance of cogeneration. The NEA,
as enacted, contains several provisions which are intended
to give impetus to cogeneration. These include authoriza-
tions for exemption from public utility regulation and from
incremental natural gas pricing provisions.

The impact that the NEA provisions may have on cogen-
eration development is uncertain. In this respect, as dis-
cussed in chapter 3, our analyses show that cogeneration,
even with selected incentives, will save only a small amount
of energy in the near term. How effective the NEA provi-
sions will be in encouraging cogeneration development and
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achieving maximum energy savings will depend to a large
extent on the nature of the rules and regulations that are
developed for their implementation.

We believe the rules and regulations being developed by
FERC and the Treasury Department to carry out the N'EA provi-
sions should be structured to support the national cogenera-
tion policy. In this light, the rules and regulations should
be directed towards balancing Federal expenditures for en-
couraging cogeneration and removing artificial barriers that
tend to constrain cogeneration. The NEA provisions and our
views on the rulemaking are discussed below.

Rules defining a qualified cogeneration
facility should include provisions to
maintain fuel efficiency

The NEA states that only qualifying facilities are eli-
gible for non-discriminatory utility rates, exemption from
public utility regulation, and exemption from incremental
natural gas pricing. FERC, in accordance with the Public
Utility Regulatory Policies Act, has issued proposed rules
prescribing requirements for becoming a qualified cogenera-
tion facility. Although the rules set minimum fuel efficiency
standards, they do not require that the cogeneration facility
include a mechanism to ensure that the fuel efficiency bene-
fits available with cogeneration are maintained.

To obtain the best fuel efficiencies in a cogeneration
* I system, it is important that (1) the power and steam demands

change proportionately to each other and (2) the cogeneration
system be operated at the point for which it was designed
and as close to the maximum hours a year as operation and] maintenance requirements permit.

When power and steam demands do not change proportion-
* ately, a mechanism or special arrangement is needed to allow

the system to continue operating at the design point and
thereby maintain fuel-efficient ratios. One arrangement
would be for the facility to be connected to the utility
grid, thereby enabling it to purchase electricity during
periods of low steam demand and selling electricity when
steam demands are high.

Another mechanism would be to store energy within the
facility. For example, a thermal storage system would help
the cogeneration plant to operate at the design point over
an extended period. Such a mechanism will, however, add
considerably to the cost of the facility.
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If the maximum benefits from cogeneration are to be
realized, it is important that close attention be given to
the design of the system. Natural gas users, in particular,
that qualify for exemption from the NEA incremental pricing
provision should provide a mechanism to maintain fuel effi-
ciency in order to obtain the price benefits. Therefore,
we believe the rules defining a qualified cogeneration facil-
ity should require that the cogenerator include in its design
a mechanism or arrangement, such as discussed above, to ensure
that the fuel efficiency benefits of cogeneration are realized.

Agency comments and our evaluation

In discussions with FERC staff, 1/ they indicated that
many commenters on the Commission's proposed rules believe
that economic considerations are of paramount importance to
cogenerators and that optimizing economics would also provide
the most efficient use of resources. As such, cogeneration
facilities should be operated efficiently without additional
rules. Likewise, DOE said that additional requirements are
not necessary--good business practice dictates that a cogen-
eration system be operated most efficiently. Both the FERC
staff and DOE suggested that provisions to maintain fuel
efficiency should only be considered for cogenerators who
have been granted an exemption from increased natural gas
prices or have been given approval to use imported fuels.

We agree with the views expressed by the FERC staff and
DOE. It is important, however, that a control mechanism be
established to preclude possible abuse from those who may
only be seeking lower natural gas prices. Therefore, we

believe that a provision to maintain fuel efficiency should
apply to those cogenerators who benefit from lower prices
through an incremental natural gas pricing exemption.

Recommendation

We recommend that the Commissioners of the Federal
Energy Regulatory Commission include, as part of their re-
quirements for qualifying cogeneration facilities, a provi-
sion which requires industrial cogenerators to provide a
means for maintaining fuel-efficient operations to the great-
est extent possible. It is particularly important that
this rule be made applicable to those industrial

I/FERC was unable to officially comment on this report be-
cause of two pending Notices of Proposed Rulemakings re-
gardinq cogeneration. (See app. IX.)
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cogenerators who will obtain exemptions from the incre-
mental natural gas pricing provisions of the Natural Gas
Policy Act of 1978.

Rules for just and reasonable rates
must be equitable

The Public Utility Regulatory Policies Act of 1978 re-
quires that electric utilities offer to buy power from and
sell power to qualifying cogenerators at fair rates. In e -
tablishing rules for enforcing this part of the act, FERC ik
required to ensure that the rates are just and reasonable,
in the public interest, and not discriminatory against quali-
fying cogenerators.

The act prohibits any rule requiring the utility to pur-
chase power from a qualifying cogenerator at a rate which ex-
ceeds the cost if the utility were to purchase the electri-
city from another utility or generate it itself. However,
to protect all affected with the purchase of cogenerated
electricity, some mechanism needs to be established to out-
line (1) acceptable methods for determining utility costs for
inhouse electricity generation and for acquiring electricity
from other utilities and (2) the frequency with which these
determinations should be made.

A mechanism to set just and reasonable rates is also
needed for selling backup electricity to cogenerators.
Utilities use standby charges to protect their investment in
facilities which make backup service possible. Standby elec-
tricity rates vary throughout the country. Some considera-
tions which may be apparent only at the State and local lev-
els are the conditions of economic growth. In a no-growth
situation, utilities may view cogeneration as eroding their
baseload demand.

However, in areas where there are expectations of growth,
utilities can look upon cogeneration as a realistic solution
to their need for capital equipment to meet projected in-
creases in baseload requirements. In this situation utili-
ties would be more willing to sell power to and purchase power
from industry. For example, in the State of California, two
utilities have exempted cogenerators from the requirement to
pay standby charges.

FERC has recently issued final rules, effective March 20,
1980, for utilities to sell and buy power from qualifying
cogenerators. The rules, which recognize the diversity with-
in State Public Utility Commissions, establish a mechanism to
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set just and reasonable rates. As part of this mechanism,
the rules specify factors for purchasing electricity which
will be considered during the ratemaking. As a minimum,
a utility is required to provide certain services upon re-
quest, including supplementary power, backup power, and main-
tenance power to a qualifying cogenerator. From our initial
discussion of this matter with the FERC staff and our reading
of the final rules, we believe the rules are adequate to carry
out the provisions of the act. We also believe that if FERC
ensures that the rules are properly implemented, they will
make cogeneration more attractive to industrial facilities.

Recommendation

We recommend that the Commissioners of the Federal
Energy Regulatory Commission ensure that the rules adopted
to establish just and reasonable rates for the sale of power
to and the purchase of power from qualifying cogeneration
facilities are fully implemented by State regulatory authori-
ties and nonregulated electric utilities.

The regulatory status of
cogeneration facilities
needs to be determined

From an industrial cogenerator's viewpoint, the most
serious consequence of selling electricity is the possibility
of being regulated as a utility. Industries want to avoid
any organizational structure which will increase the jurisdic-
tion of regulatory agencies over their facility.

A provision is included in the Public Utility Regulatory
Policies Act to remove the threat of regulation for some
facilities. Under the act, qualifying cogeneration facili-
ties may be exempted from certain provisions of the Federal
Power Act, the Public Utility Holding Company Act of 1935,
and State utility laws and regulations so as to remain
unregulated. In defining a qualifying cogeneration facility,
the Public Utility Regulatory Policies Act excludes a facil-
ity which is owned by a person primarily engaged in the gen-
eration or sale of electric power. However, there was some
uncertainty about the degree to which a utility's involvement
in a cogeneration facility would preclude the facility's eli-
gibility for exemption under the act.

FERC has proposed rules prescribing requirements which
a qualifying cogeneration facility must meet. These rules
state that if more than 50 percent of the entity which owns
the cogeneration facility is composed of electric utility

75

I



interests, then the facility may not be granted qualifying
status. FERC has also issued rules which specify the exemp-
tions from Federal and State regulations provided to quali-
fying facilities. We believe the rules clarify the un-
certainty of regulation for those cogeneration facilities
which have utility ownership interest. In our view, if
these rules are adopted and properly implemented, they should
remove the threat of utility type regulation for industrial
cogeneration facilities.

Recommendation

We recommend that the Commissioners of the Federal Energy
Regulatory Commission clarify the regulatory status of cogen-
eration facilities by (1) adopting their proposed rules which
define a qualifying cogeneration facility as one which is
not composed of more than 50 percent electric utility owner-
ship and (2) ensuring that the rules which exempt qualifying
facilities from certain Federal and State laws and regula-
tions are properly implemented.

Cogeneration exemption from
incremental natural gas pricing
provisions should be based on user classes

Provisions of the Natural Gas Policy Act of 1978 will in-
crementally increase gas prices for certain industrial users
to the Btu equivalent of substitute fuel oil. FERC is re-
quired to develop implementing rules applicable to indus-
trial boiler fuel facilities and other industrial users des-
ignated as subject to incremental pricing. The act provides,
however, that a qualifying cogeneration facility is exempt
from these incremental pricing provisions to the extent

J_ allowed by FERC rules.

The exemption of a cogeneration facility from these
price increases can contribute to improving its economic
attractiveness. In accordance with our proposed cogeneration
policy which designates user classes, the small and medium
size cogenerators should be allowed to use natural gas as a
fuel. FERC should also exempt these cogenerators from the
natural gas incremental pricing provisions. By basing the
exemption on user classes, FERC can avoid making gas use too
economically attractive for those larger cogenerators who
could use coal. However, in areas where coal burning is
environmentally unacceptable or alternative fuel use is in-
hibited for any reason, specific exemption for the large
qualifying cogeneration facilities from the incremental pric-
ing provisions should be considered.
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Recommendation

We recommend that the Commissioners of the Federal Energy
Regulatory Commission, after the Department of Energy esta-
blishes the user classes recommended earlier:

--Develop rules which specify, in terms of user classes,
the exemption of qualifying cogeneration facilities
from the incremental natural gas pricing provision.
These rules should be consistent with the rules de-
veloped by ERA for the exemption of cogenerators from
the Powerplant and Industrial Fuel Use Act.

Agency comments and our evaluation

In commenting on this section, FERC staff did not take
any position concerning the recommendation. However, they
noted that while FERC regulations provide exemption from in-
cremental gas pricing for all qualifying cogeneration facil-
ities, any new facilities defined as major fuel-burning in-
stallations will have to secure a prohibition exemption for
using natural gas from ERA.

DOE concurred with this recommendation. However, they
stated that caution should be exercised in granting exemptions
to small industrials who wish to get natural gas at an arti-
ficially low price. In particular, DOE said, if it can be
shown that coal-burning fluidized-bed combustion is commer-
cially available for small steam generation and there is no
negative return on investment for its site specific instal-
lation and use, one might reasonably question why an exemp-
tion would be granted to stay on natural gas when homeowners
would be paying as much for gas as oil.

We agree. As technology makes coal use economically
suitable for small cogenerators, the policy basing oil and
natural gas use on a facility's size should be reevaluated.

Cogeneration systems should
not be eligible for the
investment tax credit

The NEA, as originally proposed, contained provisions
under which cogeneration property could qualify for an addi-
tional 10-percent investment tax credit. However, the final
version of the Energy Tax Act of 1978 did not contain the
section which specifically defined cogeneration property.
Under the specially defined and alternative energy property
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provisions of the act, however, some components which can
be used in a cogeneration system are identified as being
eligible for the 10-percent tax credit.

In addition to the types of property specifically cited
in the act, the Secretary of the Treasury has broad authority
to specify other energy conservation equipment as eligible
for this tax credit under the category of "specially defined
energy property." Additional equipment may be specified
provided that it is installed in connection with an existing
industrial or commercial facility and its principal purpose
is reducing the amount of energy consumed in any existing
industrial or commercial process. Cogeneration equipment
could meet these criteria.

DOE has described two options for including certain
cogeneration systems under the regulations for specially
defined energy property pursuant to the act. Option 1 would
restrict the credit to ancillary equipment used in connection
with alternative (coal) fuel fired systems. This would ex-
clude tax credits for boilers or burners and for all cogen-
eration systems which use oil or gas. option 2 would expand
the coverage by allowing cogeneration systems which use oil
or gas, but would exclude the tax credits for boilers or
burners used in connection with such systems.

According to the Treasury Department, the tax credit,
if applied, could cost the Government $500 million in reven-
ues over the period 1979-1984. In discussions with Treasury

* officials, they have expressed a position that cogeneration
systems will not be eligible for the tax credit. Treasury
interprets the act and its legislative history to preclude
such action.

We support this position from a policy standpoint. We
recognize that return on investment is an important consider-
ation for industry in evaluating a potential cogeneration
application. Although a tax credit would improve the rate
of return, our analyses show that a 10-percent tax credit
for complete cogeneration systems would not, in itself, be
sufficient to encourage general acceptance of cogeneration.
For example, we evaluated several actions to encourage cogen-
eration in the incentives case, including a 20-percent tax
credit--double the NEA's proposal. Our analyses showed that
these incentives resulted in little additional cogeneration
over the status quo. Thus we believe a 10-percent tax credit

is insufficient to sway industry towards cogeneration.
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In essence, the tax credit would only reward those who
were planning to cogenerate regardless of a tax credit. To
become a meaningful incentive for inducing cogeneration, we
believe a large tax credit would be needed, possibly even
40 to 50 percent. Therefore, considering the cost in lost
revenue to the Government and the small additional cogenera-
tion resulting from proposed financial incentives, we believe
cogeneration systems should not be eligible for the additional
10-percent tax credit.

Recommendations

We recommend that the Secretary of the Treasury, in con-
sultation with the Secretary of Energy:

--Establish, for the short term, a regulation which spec-
ifies that cogeneration systems would not be eligible
for the 10-percent investment tax credit under the
provision for specially defined property in the
Energy Tax Act of 1978.

--Assess the impact and benefits that any Government
financial incentives may have on cogeneration develop-
ment before any such incentives are established for the
long term.

Agency and private organization
comments and our evaluation

The -Department of the Treasury had no comment on these:4 recommendations. of the six industries who commented on
this issue, three stated their preference for a tax credit,
while the remaining three agreed with our position that a
10-percent tax credit would not encourage general acceptance
of cogeneration. DOE also disagreed with the recommendation
prohibiting a tax credit for cogeneration systems. Every
favorable action helps, DOE said, and can have a positive
impact. We agree that a tax credit can be beneficial in some
cases; however, even DOE acknowledges that the sensitivity
of return on investment to tax credits is low. We therefore
maintain that a tax credit, when the benefits are weighed
against the costs, is not now merited. This situation may
change, as recognized in our second recommendation, in which

DOE concurs.
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Office needed to oversee
cogeneration activit-ies

Because of the many issues affecting the acceptance of
industrial cogeneration and the numerous organizations with-
in both the public and private sector that are involved in
these issues, an office should be designated within DOE to
serve as an overseer and coordinator for all cogeneration-
related activities.

The term "cogeneration" has attracted much attention
since the National Energy Plan proposal in 1977. Interest
has come from industry, utilities, State and local officials,
and various Federal agencies, as well as individual cogenera-
tion proponents. For example, in July 1977, a task force,
consisting of representatives from ten Federal departments
and commissions, was established and charged with coordinat-
ing Federal activities in this area. However, responsibility
and authority for any agency action remained with that agency
and not with the task force. Given these restrictions, the
task force perceived its role as simply providing an informa-
tion exchange for Federal and State governments and private
concerns.

Another DOE cogeneration task force was established in
August 1978, to determine the marketing or commercialization
capability of cogeneration. The task force proposed a com-
mercialization strategy of Federal marketing initiatives
which would focus on three major areas--(l) a technical ef-
forts program to stimulate industry interest, and to develop
and demonstrate the latest technology, (2) a national com-I mercialization program which will include the development
and maintenance of a national cogeneration inventory and
information system, and (3) a State and regional commercial-
ization program which would be oriented toward development
of actions to overcome cogeneration constraints.

In response to the above task force report, an imple-
mentation plan for cogeneration commericialization was pro-
posed in October 1978 by DOE's Office of Conservation and
Solar Applications. The plan emphasized the importance of
State policies for creating a favorable environment for co-
generation development. The two major program elements de-
signed to facilitate the coordination and integration of
various Federal and State efforts to stimulate industrial
cogeneration development are composed of a Research Tech-
nology Development and Demonstration Program, and a Planning,
Policy, and Technical Assistance Program. These programs,

based on improving the technology mix and market penetration
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of cogeneration, have an estimated budget authorization of
$43 million from fiscal year 1979 to 1981 allocated among
five separate DOE organizations.

As explained in chapter 5, there are many issues affect-
ing the acceptance of industrial cogeneration. The con-
straints are primarily economic with institutional, regula-
tory, and technical overtones. Overcoming these constraints
is complicated by the many different groups concerned with
and affecting cogeneration. Beyond DOE, the Environmental
Protection Agency, the Securities and Exchange Commission,
Public Utility Commissions, State Energy Commissions, elec-
tric utilities, the International Cogeneration Task Force,
and other parties, such as equipment manufacturers and trade
organizations, all have some interest in cogeneration issues.

DOE has previously been made aware of the necessity for
an office to coordinate and integrate cogeneration activities.
In this respect, the Cogeneration Commercialization Plan pro-
posed a program office to serve as a focal point for all co-
generation activities. The office would assign responsibil-
ities to the appropriate DOE organizational units and see
that the responsibilities are carried out. The office would
also serve as a primary liaison with State energy offices
and other non-Federal cogeneration-related organizations.

We believe such an office can be a useful tool to eval-
uate the efforts being made, both inside and outside DOE, to
promote cogeneration. Based upon these assessments, the
office can provide direction to the individual DOE divisions,
other Government agencies, and the private sector on priori-
tizing which issues need to be addressed to eliminate cogen-
oration constraints. Further, the office can serve as a

technical advisor to all interested parties.

Agency comments and our evaluation

DOE stated that while the problems being addressed are
appreciated and understood, it does not seem reasonable to
create a special office to service just one utilization
approach for fuels. We concur with DOE that creating a spe-
cial office to service cogeneration activities may not be
warranted. We are aware that organizational changes are be-
ing made within DOE so that all of the functions related to
a single technology are grouped together in order to improve
the technology development and speed the transition of the
technology to the private sector. In line with these changes,f we believe an existing office, such as the Commercialization
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Office within the Division of Conservation and Solar Appli-
cations, could be assigned with the responsibility to follow
cogeneration activities both in the Federal and private
sectors. Whatever office is assigned this responsibility,
the coordination and the overseeing of cogeneration activi-
ties must become an important function.

Recommendation

We recommend that the Secretary of Energy designate one
office to be responsible for overseeing cogeneration-related
activities. It should also be responsible for identifying
and assessing the efforts being made to eliminate cogenera-
tion constraints.
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INTRODUCTORY REMARKS

Cogeneration offers itself as an effective measure by which
industrial users can significantly contribute to the conser-
vation of valuable fossil fuels. This paper will discuss
the predominant technical factors which enter into the match-
ing of cogeneration systems to specific industrial require-I
ments in power and process heat. It will concern itself
primarily with thermodynamic parameters and not with the
economics of various systems. It will also not deal with
questions of ownership, institutional constraints and theI

All data presented in the tables for the various prime movers
are average values and have been selected in a manner which
permits easy comparison between various configurations of
cogeneration systems.

INDUSTRIAL USE OF ENERGY

Industrial manufacturing processes require energy in the
form of power and process heat; their operation depends on
the input of energy, generally in the form of electricity
and of fossil fuels.

Figure 11-1 presents in schematic form, how energy is
applied in the form of power or heat in the manufacturing
process. Common to the industrial generation of power and
heat is a combustion process in which a fossil fuel (solid,
liquid, gaseous) is burned in the presence of air, creating
hot combustion gases.

Power is then generated by prime movers such as turbines or
reciprocating engines. They can binan open cycle con-
figuration (example: internal combustion engines) or a
closed cycle configuration (example: steam turbine).

SOME FUNDAMENTAL THERMODYNAMICS

The combustion of a fuel generates hot combustion gases;
heat is transferred from these combustion gases to a work-
ing medium or to a work piece. Whatever the transfer mecha-
nism (radiation, convection, conduction) the temperature of
the combustion gases will decrease as heat is withdrawn.
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Available heat is that heat content which can be converted
to work by reducing the temperature of the combustion
gas from its high initial value to ambient temperature.
The heat content of the gas at ambient temperature is un-
available and cannot be converted to work.

In an ideal conversion process, an equivalent exists between
work and available heat:

1 kWh = 3413 Btu

In practice all conversion processes are subject to losses;
they do not utilize to the fullest the available heat. Thus
an internal combustion engine will only convert one third of
the available energy into useful work at the coupling, one
third will be expelled as exhaust gases, and one third will
be dissipated through the cooling system. Thus, two-thirds
of the available heat is released into the environment as
reject heat.

Figure 11-1 shows the generation of power and process heat
as two completely independent processes. The question then
presents itself whether the reject heat emanating from a
prime mover can be put to use as process heat.

The quality of the reject heat depends on the specific heat
content of the medium in Btu/lb. In many cases the specific
heat content of the reject heat is high, as for instance, in
the exhaust gases of a combustion turbine at high tempera-
tures. It can also be quite low as in the cooling water

7 1 released from a central power station; large mass flows are
released into the environment at small temperature differen-
tials above ambient.

Reject heat at high temperature can be utilized as industrial
process heat. Then (unlike as shown in Figure 11-1), one and
the same combustion process supports sequentially the genera-
tion of power and of process heat. This is called c~gnea
tion. The reject heat of one process becomes the input for
a subsequent process.

Expressed differently, cogeneration refers to "cascading" the
heat content of a medium by reducing its temperature from an
initial high value to a low value by withdrawing heat alter-
natingly generating power or process heat.
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CHARACTERISTICS OF COGENERATION

Where power generation precedes heat application, this is
called topping. This is shown in Figure 11-2 in some typi-
cal configurations. Where power generation follows a process
heat application, this is called bottoming. This is shown in
Figure 11-3 in typical configurations.

A special case of cascading is the combined cycle where the
exhaust gases of a combustion turbine raise steam in an ex-
haust heat boiler which is then expanded through a steam
turbine. A combined.cycle can be followed by the extrac-
tion of process heat thus becoming part of a cogeneration
system.

A very convenient vehicle to transport heat from a source to
the application offers itself in the form of steam. Process
steam is very extensively used as a transfer medium by many
industries. Therefore, the following considerations will
restrict themselves to systems which cogenerate steam in a
topping configuration. A prime mover extracts heat from a
combustion gas and the reject heat of the prime mover is
utilized as process steam.

Restricting the discussion to the topping of process steam
and excluding the cogeneration of process heat is justified
if only fully proven technologies are to be considered
(see e.g. ref 1).

INDUSTRIAL POWER AND STEAM REQUIREMENTS

Access to and availability of process steam is a critical
factor in industrial operations. Cogeneration units must
therefore be geared to produce process steam in the quanti-
ties (lb/hr) and heat content (Btu/lb) required. The heat
content of the steam is given, if its pressure (psig) and
temperature (degrees F) are specified.

The power demand for a given steam demand is described in
the power/steam ratio. The power requirements vary not
only from industry to industry, but also from one plant
to another.
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Table I1-1 gives some average values for the power/steam
ratios for some industries. 2

Table 11-1
Average Values For The Power/Steam Ratios

Industry Number of Power/steam demand ratio
samples kWh/million Btu steam

average highest sample

paper and pulp 12 35.4 96.5

chemical 13 51.4 117.3

refineries 16 31.2 53.8

Thus in a typical paper mill with a steam demand of
500,000 lb/hr (or 500 million Btu/hr for an average latent
heat of steam at 1,000 Btu/lb) the power demand will be
17,700 kWh/hr or (at a 100% load factor) a generating capa-
city of 17.7 MW will be required to meet the power demand.

CHARACTERISTICS OF VARIOUS PRIME MOVERS AS TOPPING UNITS

A cogeneration plant can be designed to generate power
and steam for a number of supply conditions:1 ~ * It can be operated to match power and steam

~ I demand at all times; no electricity has to be:1 imported except for plant maintenance or in
emergencies,

*the steam demand is met at all times, but
additional electricity still has to be
purchased, or

*the steam load is always matched, but power
generated is in excess of the power demand.
Power demand must then be exported and will
either be wheeled or purchased by the utility.
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Whether electricity will be imported or exported
depends on the selection of the prime mover or of a
prime mover mix.

The performance of a prime mover in a topping con-
figuration is characterized by two parameters:

* the power/steam ratio, which can be
achieved in topping a given amount ofI steam, and

* the incremental heat rate which is required

to generate that power in addition to the
heat required to produce the steam.

Both power/steam ratio and incremental heat rate are
functions of the inlet conditions of the working medium at
the prime mover and the properties of the steam (pressure,
temperature) to be produced.

The incremental heat rate is lower than the heat rate
required in central power station generation. It reaches a
minimum when steam and power demand are matched. Expressed
differently this means that for a given power output of the
prime mover, the steam demand is at a maximum. If the steam
demand decreases and the power demand remains constant, then
the incremental heat rate will increase. In fact, if the
steam demand drops to zero the incremental heat rate ap-
proaches the central power station heat rate.

Thus the matching of steam and power demand is an
important consideration; operation of the plant at design
point will maximize the benefits to be derived from
cogeneration.
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Table 11-2 gives some typical ranges for the operating
charcteristics for four prime movers in a steam topping
con fig ura tion.

Table 11-2
Ranges of Operating Characteristics of Prime Movers

power/steam incremental steam
ratio heat rate pressure

kWh/10' Btu Btu/kWh psig

steam turbine
(backpressure) 30 - 70 4500 - 6000 15 - 600

gas turbine 125 - 220 5500 - 6500 150 - 600

combined cycle
(backpressure) 200 - 320 5000 - 6000 15 - 600

Diesel 400 - 500 6500 - 6700 15 - 150

Table 11-2 illustrates that for the industries listed
in Table II-1 the installation of prime movers other than the
steam turbine will produce electricity in excess of their
demand.

Table 11-3 will compare the four prime movers regarding
21  their fuel utilization and their energy savings potential.

Average values are assumed for the po,'er/steam ratio and the
incremental heat rates. When the cogeneration of power and
steam is compared to separate cogeneration of power and steam,
it is assumed that the central station heat rate is 10,000
Btu/kWh and that boilers operate at an efficiency of 83%.
The same efficiency is also assumed for the heat exchangers
in the exhaust stream of gas turbines and Diesels.

Table 11-3 illustrates a few important points of
interest to the industrial end user, whose energy demands
are largely dictated by his demand for process steam.

Fuel savings attainable through cogeneration are high-
est for the diesel and lowest for the steam turbine. The
share of the fuel used to generate power is lowest for the
steam turbine and highest for the diesel. In fact, in the
case of the steam turbine the larger portion of the heat
content of the fuel leaves the system in the form of steam;
in the case of the diesel the opposite holds.
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This makes the diesel an excellent power source, but
a poor steam generator. Thus to obtain 100,000 lb/hr of
steam will require the installation of a large and ex-
pensive diesel with a capacity of 4 MW.

The choice of a prime mover will always be affected by
their dependency on specific fuels:

steam turbines: all fuels, solid, liquid, gaseous
including waste

combustion turbines: currently limited to natural
gas and light distillates up to
#2 oils

diesels: natural gas and diesel fuels up to #4 oils;
large diesel also #6 oils.

SOME FUTURE DEVELOPMENTS ON COGENERATION

In order to increase the savings potential of cogeneration
systems the following options present themselves:

*increase inlet temperatures for specific prime
movers. This applies particularly to combus-
tion turbines.

*simplify the combustion of solid fuels and
reduce the environmental impact of "dirty
fuels"; fluidized bed boilers show con-
siderable promise in this direction.

*substitute or introduce closed cycle operations
such as the Stirling cycle, for open cycles.

- I This will permit the use of solid fuels instead
of valuable gaseous or liquid fuels.

*introduce the heat pump as a means to
elevate low quality reject heat to
industrial process steam.

The following table utilizes some of the information-of
the General Electric Cogeneration Technology Alternativesj Study (CTAS) and indicates some of the characteristics
of advanced concepts. 3/
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Pollution control measures and economic considerations may in
many instances discourage the industrial end user to burn
coal as the primary fuel in cogeneration plants.

Large centralized conversion plants, which produce liquid
or gaseous (high or mid BTU gas) fuels from coal will
eliminate many of the problems associated with coal hand-
ling and pollution control and may promote the introduction
of cogeneration systems.

EFFICIENCY AND OPERATING CONDITIONS

Efficiency - and consequently economics - are best

* When the prime mover operates at design point

where its efficiency reaches a maximum,

* Where power and steam demand are balanced at

all times,

* When the load factor is high, that means that
the plant runs at design point at close to
8760 hours a year, as maintenance requirements
permi t.

In practice these conditions can not always be met: partial
load conditions or overloads (as well as mismatched power/
steam demands) will reduce the efficiency of the overall
system.

jijIf power and steam demand do not change proportional to each
other, special arrangements must be made to maintain high
efficiency. This may involve purchases of electricity dur-
ing periods of low steam demand and sale of electricity when
the steam demand is high. Energy storage (e.g. thermal
storage) could alleviate some of the problems. Installation
of a number of small modules rather than a few large units
has similar effects.

Where the load factor is too low, then capital related
costs will outweigh fuel related costs and render a system
uneconomical. 4/
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Power and steam generation are rather rigidly coupled where
the working medium in the prime mover is also steam, as in
the case of a back pressure or extraction turbine. In the
case of combustion turbines or internal combustion engines,
the coupling is less rigid; thus changes in steam demand
will be reflected in changes in the exhaust stack
tempera tures.

Efficient power generation is the driving force in a
utility; therefore, base load operation is the most
desirable modus operandi. By contrast in industrial
operations, meeting the steam demand is the dominant con-
sideration. But even then the efficiency of a cogeneration
system is highest if.it operates as close as possible to
base load conditions (design conditions) in a well balanced
power steam demand situation.

SUMMARY

The choice of a cogeneration system depends on a number of
highly plant and site specific factors if it is to be effi-
cient both in technical performance and in economic terms.

The main technical and economic factors to be considered in
the design of a cogeneration system are:

* Power demand, daily and seasonal variations;

* Steam demand, daily and seasonal variations;
* Annual load duration curves for steam and power;
* Load factors for power and steam;
* Process steam properties;
* Fuel availability and costs (including waste material);
* Electricity availability and cost;
* Life cycle costs;
* Life cycle energy savings;
* Environmental constraints.
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DESCRIPTION OF SCENARIO DATA

DEVELOPMENT

In chapter 3 we describe the objectives, assumptions,
and methodology for four cases of potential cogeneration de-
velopment by 1985. The purpose of this appendix is to fur-
ther describe the methodology employed in determining the
amount of steam and electricity cogenerated and the result-
ant industrial and utility fuel shifts.

Four cases or scenarios were developed for the paper and
pulp, the chemical, and the petroleum refining industries:

--a no action case assuming that some cogeneration will
develop under the status quo without government in-
centives or further disincentives,

--an incentives case which includes the additional co-
generation resulting from government incentives such
as a 30-percent tax credit, and exemption from
regulations,

--an economic maximum case based upon the incentives case,
providing an upper economic cogeneration limit, and

--a technical maximum case addressing the maximum
cogeneration technically possible.

-A The amount of steam and electricity cogenerated in each
case was based on the RPA study, "The Potential for Cogenera-
tion Development in Six Major Industries by 1985." In the
no action and the incentives cases (see tables III-1 and 111-2)
the amounts of steam and electricity are distinguished by the
types of systems used to cogenerate. These types of systems,
gas and steam turbines, are also separated by the fuels used--
coal, oil, natural gas, and others.

In the economic maximum case (see table 111-3) we assume
that the same amount of steam cogenerated in the incentives
case is also economically attractive in this case. However,
instead of using RPA's mix of coal, oil, and natural gas-
fired gas and steam turbines for producing steam, this steam
is assumed to be cogenerated exclusively by distillate-fired
gas turbines which produce electricity at the rate of 200
kWhs per million Btu's of steam. In order to represent an
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economically feasible situation, we also assume that cogen-
eration with waste fuel and heat recovery steam turbines will
continue as in the incentives case.

In the technical maximum case, we assume that all tech-
nically suitable process steam in 1985 1/ will be cogenerated
by distillate-fired gas turbines. (See table 111-4.) The
amount of electricity produced, determined at the 200 kWhs per
million Btu's steam rate, is very similar to Thermo Electron's
figures 2/ for the potential for inplant generation by gas
turbine topping: for the paper and pulp industry 210 billion
kWhs; for the chemical industry 274.19 billion kWhs; and for
the petroleum refining industry 140.385 billion kWhs per year.

The effects of cogeneration in terms of industrial and
utility fuel shifts were computed on a State level so that
the results could be compiled into various regional totals
for use in further analyses. The same methodology for ap-
portioning cogenerated steam and electricity and computing
resultant fuel shifts was used consistently for each industry
within each scenario. Throughout the methodology, steam and
the fuels used to produce steam are interchangeable because
they are expressed in the common factor of trillion Btu's.
The methodology is divided into three major sections. 1) the
fuel saved by industry, 2) the fuel saved by utilities, and
3) the fuel used to cogenerate.

In the first section, we assume that industry will save
fuel since conventionally produced steam is replaced by co-
generation. Industrial fuel savings are computed using the
steam cogenerated with the fuels, oil, coal, and natural gas.
To convert the replaced steam into the fuel used to produce
it, cogenerated steam is multiplied by 1.2 to reflect indus-
tries' 83-percent fuel use efficiency. The fuel is then
allocated by the State, based on each industry's total pur-
chased fuel use in 1975, 3/ by dividing each State's fuel
use by the U.S. total.

The next step determines the types of fuels industry
uses to produce steam. We used two sources for the alloca-
tion, Thermo Electron's regional figures for the average
fuel mix industry uses to produce steam 4/ and the Census
Bureau data of industrial fuel use by State. 5/ By multi-
plying together the percentages of fuel use from both
sources, we were able to develop, by State, the industrial
fuel use patterns for residual oil, distillate oil, coal,
and natural gas. These patterns, in percentage form, were
multiplied by the fuel savings allocated for each State.
The result is the oil, coal, and natural gas fuel savings
for industry stated in trillion Btu's.
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The second section computes utility fuel savings assum-
ing cogenerated electricity replaces an equal amount of
utility generation. The amount of cogenerated electricity,
being directly related to steam, is allocated among the States
using the same proportioning method as described in the first
section, that is, based upon each industry's total purchased
fuel use in 1975. The electricity is then converted to fuel
saved by assuming that utilities require 10,000 Btu's of fuel
for each kWh of electricity produced. These fuel savings by
State are finally allocated to the types of fuel saved in the
same proportion as utilities used fuels to produce electricity
in 1976. 6/ We assumed that utilities would maximize their
savings with fossil fuels; residual oil, coal, and gas; while
nuclear and hydro generating would not be affected by cogen-
eration. Distillate oil was not considered to have a large
impact and therefore was included within residual oil figures.
Average utility fuel use percentages for all types of fuels
versus for fossil fuels only can be compared in tables 111-5
and 111-6.

The last section computes the fuel industry needs to co-
generate by multiplying the amount of electricity cogenerated
in each State, computed in the second section, by a factor
which converts the electricity into the amount and the types
of fuel projected as producing it. The first step in develop-
ing this factor is to determine what types of fuels are used.
RPA's data on electricity generation identifies the methods
used to cogenerate: coal-fired steam turbine, residual oil-
fired steam turbine, distillate oil-fired gas turbine, natural
gas steam and gas turbines, waste fuel steam turbine, and
heat recovery steam turbine. The proportion each method con-
tributes was computed by dividing the total cogenerated elec-
tricity into the amount each method provided. Waste fuel and
heat recovery steam turbines were excluded in this section
because they do not use imported fuels.

After computing the mix of fuels used, the next step de-
termines the amount needed to produce steam and electricity.
Steam and gas turbines are assumed to generate on an average
of 50 and 200 kWhs per million Btu's respectively. Therefore,
when generating 1 million kWhs, cogeneration facilities would
also produce either 20 billion Btu's of steam with steam tur-
bines or 5 billion Btu's of steam with gas turbines. Assuming
fuel is burned at an 83-percent efficiency level, steam and
gas turbines would need 24 billion Btu's and 6 billion Btu's
of fuel respectively to produce this steam. To generate elec-
tricity, fuel is required at the incremental heat rate of
4,710 Btu's per kWh for steam turbines and 5,630 Btu's per
kWh for gas turbines. By combining the fuel needed to produce
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steam and electricity, we determined that for every million
kwhs of electricity generated, steam turbines would require
28.7 billion Btu's of fuel, and in gas turbines, 11.63 bil-
lion Btu's. When these requirements were multiplied by the
percentages of utility fuel use by type, we obtained the fac-
tors, which were then multiplied by each State's cogenerated
electricity. The resulting numbers showed the amounts and
types of fuel industry uses to cogenerate. By subtracting
the fuel saved by industry from these numbers, we obtained
the net fuel shift of industry. Tables 111-7 to III-11 high-
light our results.
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Table 111-5
Average Utility Fuel Use

for All Fuels
Percentages by Region

for 1976

Percent of Fuel Use (note a)

Region Oil Coal Nat. Gas Hydro Nuclear Other

New England 56.9 2.6 .4 6.9 33.2 0

New York/New Jersey 48.0 15.1 1.0 21.3 14.5 0

Mid Atlantic 14.9 71.1 .1 1.9 11.9 0

South Atlantic 15.6 63.0 3.7 8.6 9.0 0

Midwest 4.3 78.7 2.0 .8 14.2 0

Southwest 5.9 10.7 80.2 1.8 1.4 0

Central 4.7 66.1 17.3 2.9 9.0 0

North Central .9 58.7 5.1 35.2 0 .0

West 41.5 13.6 20.4 19.4 2.9 2.2

Northwest .2 4.2 1.0 91.6 2.9 0

U.S. weighted average 15.7 46.3 14.5 13.9 9.4 .2

a/Percentages within each region may not add to 100 because
of rounding.
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Table 111-6
Average Utility Fuel Use

of Residual Oil, Coal, and Natural Gas
Percentages by Region

for 1976

Percent of Fuel Use (note a)

Region Residual oil Coal Natural gas

New England 95.1 4.3 .6

New York/New Jersey 74.8 23.6 1.6

Mid Atlantic 17.3 82.5 .2

South Atlantic 19.0 76.6 4.4

Midwest 5.1 92.6 2.4

Southwest 6.1 11.1 82.9

Central 5.3 75.1 19.6

North Central 1.4 90.7 7.9

West 54.9 18.1 27.1

Northwest 4.5 77.6 17.9

U.S. weighted average 20.5 60.6 18.9

a/Percentages within each region may not add to 100 because
of rounding.
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Table 111-7
Cogeneratei Ele tty by Region

in 1985

No action Eoonamic Technical

Region case Incentives case maximum case maximum case

(billion kWhs)

New England 3.687 4.347 9.405 21.849

New York/New Jersey 3.413 4.119 10.654 27.989

Mid Atlantic 5.787 7.083 18.315 49.306

South Atlantic 15.028 17.959 43.048 107.978

Midwest 10.807 13-005 31.278 79.655

Southwest 20.170 27.060 75.894 237.399

Central 1.264 1.650 4.979 15.206

North Central .212 .328 .790 2.889

West 2.138 2.863 7.074 21.707

Northwest 2.963 3.496 7.624 17.821

U.S. Total (note a) 65.469 81.90 202.061 581.799

WColumns may not add because of rounding.
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Table 111-8
Net Industrial and Utility Fuel Shifts

by 1985

No action Incentives Economic

Region case case maximum case

(trillion Btu's)

New England
Distillate - 1.74 - 1.69 73.40
Residual -56.69 -66.33 -123.77
Coal 20.63 23.93 - 6.45

Natural gas 2.20 2.17 - .49

Net shift -35.60 -41.84 - 57.31

New York/New Jersey
Distillate - 7.72 - 9.27 87.96
Residual -30.89 -37.44 - 98.74

Coal 11.32 14.71 - 36.19

Natural gas - 3.90 - 5.76 - 10.98

Net shift -31.19 -37.76 - 57.95

Mid Atlantic
Distillate - 2.11 - 2.44 164.68

j Residual -12.10 -15.55 - 70.60
Coal -35.71 -41.71 -182.14
Natural gas - 2.45 - 4.54 - 10.88

Net shift -52.37 -64.24 - 98.94

South Atlantic
DistillaLe - 9.03 - 9.33 363.50

Residual - 28.54 - 34.04 -133.31
Coal - 54.05 - 63.15 -390.32

Natural gas - 48.99 - 61.48 - 85.08

Net shift -140.61 -168.00 -245.21

Midwest
Distillate - 1.01 - .45 271.12
Residual 21.42 23.87 - 26.12

Coal - 84.15 - 99.20 -361.91

Natural gas - 37.40 - 45.98 - 61.08

Net shift -101.14 -121.76 -177.99
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Table 111-8 (cont.)

No action Incentives Economic
Region case case maximum case

(trillion Btu's)
Southwest

Distillate 20.42 25.44 753.32
Residual 50.42 57.54 -102.83
Coal 180.13 244.31 - 45.25
Natural gas -427.81 -568.47 -997.51

Net shift -176.84 -241.18 -392.29

Central
Distillate 1.25 1.32 50.97
Residual 5.32 6.05 - 4.04
Coal .83 2.10 -36.28
Natural gas -18.17 -23.81 -35.32

Net shift -10.77 -14.35 -24.67

North Central
Distillate 09 .17 7.06
Residual .63 .77 - .12
Coal -.07 - .34 -7.27
Natural gas -.98 -1.26 -1.73

Net shift -.33 - .66 -2.06

West
Distillate - .44 - .34 62.34
Residual -7.80 -11.68 -48.17
Coal 17.30 22.99 - .57
Natural gas -28.75 -37.52 -53.09

r Net shift -19.69 -26.55 -39.49

Northwest
Distillate - 4.12 - 4.35 56.87
Residual - 9.64 -11.37 -33.08
Coal .60 - .94 -49.49
Natural gas -14.19 -16.92 -20.51

Net shift -28.55 -33.58 -46.21

U.S. Total
Distillate - 4.41 - .86 1891.22
Residual - 67.87 - 88.18 - 640.78
Coal + 55.63 +102.70 -1115.89
Natural gas -580.44 -763.57 -1276.67

Net shift -597.09 -749.91 -1142.12
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Table 111-9
Fuer-Shifts in the
No Action Case

in 1985

Net Industrial Fuel Shifts

Region Distillate Residual Coal Natural gas

(trillion Btu's)

New England -1.74 -22.57 23.20 -2.39
New York/New Jersey -7.72 -6.25 20.02 -3.10
Mid Atlantic -2.11 4.24 5.68 -2.32
South Atlantic -9.03 -.58 61.68 -42.41
Midwest -1.01 27.43 14.34 -33.83
Southwest 20.42 76.60 191.60 -263.77
Central 1.25 6.29 8.80 -14.47
North Central .09 65 1.88 -.83
West -.44 6.42 17.43 -21.73
Northwest -4.12 -.03 18.90 -13.66

Total -4.41 92.20 363.53 -393.73

Utility Fuel Shifts

Region Distillate Residual Coal Natural gas

(trillion Btu's)

New England - -34.12 -2.57 -.19
New York/New Jersey - -24.64 -8.70 -.79
Mid Atlantic - -16.35 -41.39 -.13
South Atlantic - -27.96 -115.73 -6.59
Midwest - -6.00 -93.50 -3.57
Southwest - -26.18 -11.48 -164.04
Central - -.97 -7.98 -3.70
North Central - -.02 -1.95 -.15
West - -14.23 -.13 -7.02
Northwest - -9.61 -19.49 -.52

Total -160.08 -307.92 -186.70

a/Any differences between these numbers and those in table
111-8 are due to rounding.
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Table III-10
Fuel Shifts in the
Incentives Case

in 1985

Net Industrial Fuel Shifts
Region Distillate Residual Coal Natural gas

(trillion Btu's)

New England -1.61 -26.10 26.95 2.39
New York/New Jersey -9.27 -7.73 25.23 -4.79
Mid Atlantic -2.44 4.23 9.18 -4.38
South Atlantic -9.33 -.73 75.29 -53.64
Midwest -.45 31.11 19.34 -41.71
Southwest 25.44 90.34 260.19 -346.55
Central 1.32 7.37 12.28 -18.80
North Central .17 .81 2.71 -1.06
West -.34 7.38 23.16 -28.11
Northwest -4.35 -.05 22.03 -16.26

Total -.86 106.63 476.36 -512.91

Utility Fuel Shifts

Region Distillate Residual Coal Natural gas

(trillion Btu's)

New England - -40.23 -3.02 -.22
New York/New Jersey - -29.71 -10.51 -.94
Mid Atlantic - -19.77 -50.89 -.17
South Atlantic - -33.31 -138.44 -7.84
Midwest - -7.24 -118.54 -4.27
Southwest - -32.80 -15.88 -221.92
Central - -1.32 -10.17 -5.01
North Central - -.03 -3.05 -.20
West - -19.06 -.16 -9.41
Northwest - -11.33 -22.97 -.66

Total -194.80 -373.63 -250.64

a/Any differences between these numbers and those in table
111-8 are due to rounding.
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Table III-l
Fuel Shifts in the

Economic Maximum Case
in 1985

Net Industrial Fuel Shifts
Region Distillate Residual Coal Natural as

(trillion Btu's)

New England 73.40 -36.58 .09 0
New York/New Jersey 95.69 -22.29 -8.70 -8.38
Mid Atlantic 64.68 -20.56 -49.51 -10.39
South Atlantic 63.50 -55.11 -56.46 -66.66
Midwest 71.12 -8.36 -76.89 -51.09
Southwest 53.32 -15.69 0 -370.97
Central 50.97 -.17 -5.03 -20.65
North Central 7.06 -.03 0 -1.19
West 62.34 -1.20 0 -29.89
Northwest 56.87 -8.63 0 -18.22

Total 1891.22 -168.62 -196.68 -577.44

Utility Fuel Shifts
Region Distillate Residual Coal Natural gas

. .. .... .. (trillion Btu' s)-

New England - -87.19 -6.36 -.49
New York/New Jersey - -76.46 -27.49 -2.60
Mid Atlantic - -50.03 -132.62 -.49
South Atlantic - -78.20 -333.86 -18.42
Midwest - -17.76 -285.02 -9.99
Southwest - -87.13 -45.27 -626.54
Central -3.88 -31.25 -14.67
North Central - -.09 -7.27 -.54
West -46.97 -.57 -23.20
Northwest -24.45 -49.49 2.29

Total -472.16 -919.20 -699.23

a/Any differences between these numbers and those in table 111-8
are due to rounding.
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Table 111-12
Distribution of Industrial

Boiler Steam Capacity Since 1965

Boiler sizes more than
100,000 150,000 250,000 400,000
lbs/hr lbs/hr lbs/hr lbs/hr

INDUSTRY (percent)

Paper and pulp 26.0 31.0 41.7 46.7
Chemical 24.6 24.8 21.7 22.0
Petroleum

refining 16.1 18.3 18.0 15.4

Subtotal 66.7 74.1 81.4 84.1

Food 10.2 6.6 3.1 0.5
Textile 1.7 0.7 0.2 0
Steel 6.2 6.7 8.0 8.3

Subtotal 18.1 14.0 11.3 8.3

Total 84.8 88.1 92.7 92.9

110



APPENDIX III APPENDIX III

-41 fn %a 1- ('4 c0 V.~ 04 0* f" 0
w %o %0 co r

S0

0 v A.. -d% 4
to u- '0 6,

4UnL V 4 'A. V %

Cj _4 '1 .0 1 ."I, I I 4 . M %

wJ 04 %0 -%-i r 0

CD % rq 1 -4 en1 14

W00- 1- - % 4 0 N

0

'n: . 4 r- 0% in4 1w1 C

go .0 -4 0 O N 0 -

(A .-4 (A(

0 u 
I0 -

> 0 c

.q wA . 0 .0 N m 10 %V .-n -4L-0 I

w140 ow0. (n. w
1-4 ~_ hi4 = Ad

U.-40.-4 0

4-0C *M 0. ( 4 . h w 0 fn %

0*- C4

A0U-0

g ~ ~ ~ > >q4~

~~44.I, ..4' .' 0 - - % 0 -AA
*0 b4024

Cj I

1-4 0 #1 0f 4.00 v 0 ' 1'. 0

.40. IA N w - 0 0 $4 C 0 0~ w Ca

CJfI,(AI 0 . 4 to > 0 _4 *o- 4W

.AJ 4 .. w 4410- 48a 4 4 q

c 0 1 0 m C)4 0 4 0 0 .4-. 0 a

-4 wh 0 - *4 0cwu A .q4,4-4 W 0 ~41 4

W. g- m 0a .M M' a.- 0 g 0. 0.-
o m go 15A '0C00~ 4 a w to f

1181



APPENDIX III APPENDIX III

4~ ~ LA .- A 4

> ~ rx ..4 0% 1- 4 (4

10go LA * 0 -4

Li4

43 %Q C4 Co %0 0 %0

.4r- CD ON -n r,

400.0 1w I -4 -

-4W~ M. fl

I M) 4J

r43

C 0- 4 LA 0 0% LA LA n
-0 > .- U) -4 LA4 - n Cof

4..d14 10

'4 c4 0* 04 AilN 4

04 .0 r '1 0-

E-0IU r-4

* 43

V0 43 -4 cc %0 to LA r-4 N0I LA -4

0 to .. 0 * In *n v (N1fn f
w140 41 4343 . In. -

014 1. (A~i = 0% -
U44 44t A 4-

410C 41 414

-- 4 -4 4

.0 0t Ci I I.A
00 4) 43 u v 414 u 0

-, do 0 043 14 tm t
0- C1 0 C4CCC d 4Ca 4 006

ofI~ 4-4 V U to -.4 LA 41 LA4 go _% Air4 t r
401-43.0 4 4 w .1 04 >4 0 16 04 >9va

C 02L.3L -* -. 0 *c *q 4 V- . 0 0 -. 10 v
4343 c LV4 LA Cn .0- a 4uA j 4 wuAJ1 I1 *0 0 e. 0) to t U o

1119



APPENDIX III APPENDIX III

Table 111-15
Industry Capital Investments

for Cogeneration
(1977 dollars)

Economic Maximum Case

Waste Heat
Distillate- fuel recovery
fired gas steam steam
turbine turbine turbine Total

Paper and pulp:
Cogenerated electricity 62.72 31.20 93.92

(trillion Btu's)
Capacity required 7.96 3.96 11.92

(thousand MW)
Capital investment $3,978 $3,463 - $7,441

Chemical:
Cogenerated electricity 88.78 1.98 1.77 92.53

(trillion Btu's)
Capacity required 11.26 .25 .23 11..74

(thousand MW)
Capital investment $5,630 $ 220 $196 $6,046

(millions)

SPetroleum refining:
Cogenerated electricity 16.36 5.09 1.16 22.61

(trillion Btu's)
Capacity required 2.08 .65 .15 2.88

(thousand MW)
Capital investment $1,038 $ 565 $129 $1,732

(millions)
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INDUSTRIAL GENERATION OF ELECTRICITY

IN 1985: A REGIONAL FORECAST

+4

C. E. Moody, Jr., PhD 1/

Economics Department
College of William and Mary

Williamsburg, Va.

1/ Consultant to the U.S. General Accounting Office
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Introduction

Industrial demand for electricity is a large fraction of

the total demand for electric power, accounting for 37 percent

of all electricity consumption in 1975 [8]. This demand is

important for the utilities since it is a more continuous

source of demand than residential or commercial and hence

satisfied from efficient baseload plants. However, the industrial

sector also has the most elastic demand for electricity since

these large users have the option of generating their own elec-

tricity.

While several studies have been done estimating the indus-

trial demand for electricity (4), this paper explicitly estimates

the relationship between industrial generation of electricity

and electricity prices. Further, this study recognizes the

regional differences that characterize energy systems, including

utility electric systems. We use this regional model to forecast

industrial generation in 1985 under the Department of Energy

Reference Scenario and under an electricity rate reform scenario

which would charge marginal cost prices for electricity.

123



APPENDIX IV APPENDIX IV

2. The Regression Model

We hypothesize that the amount of industrial electrical

generation is dependent primarily on the price of electricity,

the price of alternative fuels which could be used to generate

electricity, the level of industrial activity and the industrial

composition. With respect to industrial composition, certain

industries, specificall paper and pulp (SIC 26), chemicals and

related products (SIC 28) and petroleum products (SIC 29) generate

a great deal of their own electricity.

For our preliminary analysis we collected data on average

fuel prices, value added by manufacturing and value added by indus-

tries 26, 28 and 29 by state from the 1972 Census of Manufactures

[61, the latest Census available. 1 Using *his data we estimated

the following preliminary regression (in logarithms):

(1) GS/ELQ = a 0 + a1 PDISTi + a2 PRES i + a 3 PGASi

+ a4 PELEC.i + a5 PCT 2629i + a6 VAMi

Where GS = industrial electricity generated loss sold

ELQ = purchased electricity

PDIST = average price of distillate fuel

PRES = average price of residual fuel

PGAS = average price of gas

PELEC = average price of electricity

PCT2629 = percentage of value added by manufacturing 26, 28 and 29

VAN = value added by manufacturing

The regression results are reported in Table 1.
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As Table 1 shows, the only variables which are significantly

related to the ratio of electricity generated less sold to

purchased electricity are the price of electricity and the propor-

tion of value added originating in industries 26, 28 and 29. All

other variables are insignificant at the .05 significance level.

This is a reasonable result in that fuels are substitutes for

each other and that, as a result, fuel prices will tend to move

together. Thus, high electricity prices will occur coincidentally

with high oil and gas prices. The decision to generate electricity

will therefore be determined primarily by available technology and

the price of electricity. In this analysis the available technology

is captured by the industrial composition variable POT 2629 which

describes the relative importance of large industrial electricity

users in each state.

With these preliminary results analyzed, we turned to the

collection of more recent data. Using the Annual Surveys of

Manufactures [5) we collected data on purchased electricity (ELQ),

value added by manufacturing (VAN) and value added in industries

26, 28 and 29. In addition we collected data on net generation

of electricity by industrial establishments (GEN) [7). This data

was collected across states for the years 1975 and 1976. 2

In order to most effectively use this data, the samples

were pooled to form a single sample of two cross sections with two

observations on each state corresponding to the two years 1975

and 1976. With more than one observation on each state, we can

do a more detailed study by allowing each state to have its own
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intercept while estimating the coefficients on the price of

electricity and the industrial composition of each state.

The econometric technique employed is Analysis of Covariance

(ACV) and has certain desirable econometric properties including

reduction of any simultaneous equation bias, as well as reduction

of any multicollinearity and autocorrelation that may be present

in the data. Of special interest here is the fact that the ACV

technique, by including a dummy variable for each state and each

year allows for State-specific characteristics which could affect

the amount of industrial generation and cogeneration in that State.

We are therefore capable of doing an explicitly regional analysis

for eventual use in forecasting regional generation levels.
3

We therefore propose the following regression

2 50
(2) (GEN/ELQ)it E at + ilBi +yln(PELEC)i t

t-1 i~l i

+ 6 1n(PCT2629)it

where t refers to the two years, 1975 and 1976, and i 1, . .

50 is the index for States. We have 100 observations and 54

explanatory variables (two year dummies, 50 State dummies and the

two continous variables, PELEC and PCT2629). This procedure

allows us, in effect, to estimate a forecasting equation for each

state but restricts the coefficients on the continuous variables

(y and 6) to be equal across States. Our maintained hypothesis

is therefore that the responsiveness of the ratio of generated

to purchased electricity to changes in the price of electricity or
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the industrial composition is constant across states.

In order to insure numerical accuracy, we modified regression

(2) by including an overall intercept term and eliminating two

dummy variables (the year dummy variable for 1975 and the state

dummy variable for Maine). Thus the computed overall intercept

term will estimate the intercept for Maine in 1975. All other

State coefficients will estimate the difference between the Maine

intercept and the corresponding State intercept. The final

estimated equation has the form

50
(3) ln(GEN/ELQ) =A + a' +E20 + yln(PELEC)it

+ 61n(PCT2629)it

where A is the overall intercept, t =1975, 1976 and i = 1, .

50. The final estimated equation is reported in Table 2.

Examination of Table 2 reveals that we have explained

virtually all of the variance of the dependent variable (R2  .998)

and almost all of the State and year coefficients are significantly

different from zero at the customary levels indicating that there

7 are significant differences among states with respect to the

importance of self generated electricity even after allowing for

differences in the price of electricity and industrial composition.

This verifies the often stated hypothesis that generation and

cogeneration of electricity is site specific, and therefore one

cannot easily generalize across regions. With respect to the

price of electricity, the coefficient on ln(PELEC) is .82 with a
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highly significant t ratio of 2.25. Thus a 10 percent increase

in the price of industrial electricity will lead to an 8.2 percent

increase in the GEN/ELQ ratio. A similar effect is found with

respect to PCT2629. The coefficient on ln(PCT2629) is .19 with

a t ratio of 1.61 which indicates significance at the .10 level.

Therefore, a 10 percent increase in the proportion of value added

in industries 26, 28, and 29 will lead to 1.9 percent increase

in GEN/ELQ.

3. Industrial Generation in 1985--Base Case

In order to forecast industrial generation in 1985, we

need to consider three variables: the proportion of value added

by manufacturing due to industries 26, 28 and 29, the real price

of electricity in 1985, and the time trend. We have only two

time periods in our data base, but the coefficient on 1976 is

negative and significant, which indicates a downward trend in

GEN/ELQ1 everything else being the same. Since this is consistent

with Surveys of Manufactures data [5] we projected the observed

trend into the future. Since we have no information on projected

industrial mix in 1985 by State, we assumed that PCT2629 would

take its 1975-1976 average value. The real price of electricity

to industrial users in 1985 is taken from the Department of Energy

Reference forecast [8). This forecast is made on a regional level

rather than by State, so we assumed that the DOE regional price

is constant across all States within a region. The forecast

values of the ratio of generated to purchased electricity in 1985
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for the base case is presented in Table 3, colum 2, with the

corresponding values for 1976 presented in column 1 for comparison.

Comparing columns one and two, we can see that the strong negative

trend more than offsets the effect of rising real electricity

prices for most States. The States of Indiana, Missouri, South

Dakota, Nebraska, Oklahoma, Montana, New Mexico, Nevada, Alaska

and Hawaii show increases in generated to purchased industrial

electricity and most of these states are relatively insignificant

with respect to either total industrial energy use or the actual

change in the ratio. The important exceptions are Louisiana and

Texas which are large energy users and where a small change in

the ratio of generated to purchased electricity could have a signi-

ficant effect on the electric and energy systems in that region.

In order to predict total industrial generation in 1985,

we need a forecast of purchased electricity to which we can apply

the ratios in Table 3. The Department of Energy Reference case

was again used for this purpose. As before, the DOE forecasts

only on the basis of ten energy demand regions. Thus, we applied

the average GEN/ELQ ratio for States in each region, weighted by

purchased electricity in 1976, to the DOE forecast for purchased

electricity in 1985. The results are reported in Table 4. According

to our baseline forecast, industrial generation will amount to

157 billion kilowatt - hours in 1985 with the largest proportion

being produced in the Midwest and Southwest regions (which together

are forecast to account for 58 percent of all industrial genera-

tion).
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t This result is interesting in that while the ratio of

generated to purchased electricity is forecast to decline in

the base case for most states, the level of industrial generation

is forecast to increase substantially. Thus, the rise in indus-

trial electricity prices which is expected over the next several

years is forecast to reverse the downward trend in industrial

generation. (In 1972 industrial generation was 104.5 billion

kwh; by 1977 it had fallen to 87.0 billion kwh [7)

4. Industrial Generation in 1985 Under Electricity Rate Reform

Included in the proposed National Energy Plan is an elec-

tricity rate reform program which could have a significant impact

on the level of industrial 'generation. While there is much disa-

greement as to the final form that rate reform will take, if

passed, we chose to analyze the most dramatic case--namely,

marginal cost or replacement cost pricing of electricity. Under

this scheme electricity consumers will have to pay a price of

electricity determined by cost of the last kilowatt-hour generated.

In a period of rising fuel and capital costs, this means that the

price of electricity will be substantially higher than the price

L. which would have been charged under current regulatory practice,

which is a price based on the average cost rather than the

marginal cost of production. Results of a run of DOE's PIES

model to simulate such a regulatory change are reported in [1).

It was assumed for the purposes of this run that the reform

improved the load factor for utilities from the current average

130



APPENDIX IV APPENDIX IV

of 60 percent to a 1985 average of 65 percent nation-wide. The

improvement in load factor occurs because marginal cost pricing

includes peak load pricing since the cost of generating for peak

demand is higher than the cost of generating for baseload demand.

The net effect is an average 20 percent rise in the price of elec-

tricity to industry, a rise which would have been even higher had

the load factor not improved.

We use the PIES forecast regional industrial price ofA

electricity and our equation (2) to predict the ratio of generated

to purchased electricity by state in 1985. Again we assumed that

the regional price is constant across all States in that region.

The results are reported in Table 3, column 3. Comparing the

base case to the marginal cost case, we see that the ratio of

generated to purchased electricity increased in most States

although eleven showed no change or even a tiny decline.4 How-

ever, it is also true that we find the downward trend of GEN/ELQ

in many States is forecast to be reversed under marginal cost

pricing of electricity. For seventeen States the ratio of gener-

*j I ated to purchased electricity will be higher under this rate reform

than it was in 1976.~

The corresponding level of generation implied by these elec-

tricity prices and the implied demand for industrial purchased

electricity under rate reform is presented in Table 4, column 2.

Examination of Table 4 reveals that forecast industrial generation

will increase in all regions with the largest increases occurring

in the South Atlantic and Southwest (La. and Texas). Overall, we

expect a 15 percent increase in industrial generation under

marginal cost pricing of electricity,
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Industrial Cogeneration in 1985.

In order to forecast the level of cogeneration in 1985 in

the three industries of interest (Paper and Pulp, Chemicals and

Refining) we took the predicted ratio of their cogeneration in

1985 to total cogeneration in 1985 (from RPA [9]) and multiplied

by the ratio of cogeneration to industrial generation in 1976

(from [7] and [9]). Applying this ratio (.296) to the forecast

value of industrial generation in 1985 from Table 4 under the base

case (157.4 billion kwh) yields aase case forecast of cogeneration

by these three industries of 46.75 billion kwh. This is the level

of cogeneration that we forecast will take place if the downward

trend in industrial generation continues but electricity prices

continue to rise as forecast by the Department of Energy. This

means that if these assumptions are correct, cogeneration will grow

in these three industries from 22.5 billion kilowatt hours in hours

in 1976 [9] to 46.75 billion kwh in 1985 as a result of rising

electricity prices only. We take this level (46.75 billion kwh)

as the level of cogeneration that is implicit in the DOE Reference

Forecast for these three industries. Any changes in cogeneration

-will be taken from this base.

In order to forecast the corresponding change in cogenerated

electricity in the three industries of interest we apply the same

ratio as before and derive our estimate of 53.8 billion kwh, an

increase of 7 billion kwh of cogenerated electricity due to rate

reform. This represents an increase of 15 percent in cogeneration

as a result of a 20 percent rise in industrial electricity price.
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Summary and Conclusions

We have derived a regression equation based on recent time

series and cross section data which tests the hypothesis that

industrial generation is responsive to electricity prices and the

industrial output mix. We found that in fact the ratio of genera-

tion to purchased electricity, hence the level of generation, is

sensitive to price but it also varies widely across regions and

has been declining over tine. With this regression model we fore-

cast the ratio of generation to purchased electricity by State for

1985 using the PIES reference forecast of electricity prices. We

found that while some States showed small increases in the ratio

of generated to purchased electricity, the expected rise in electri-

city prices failed to reverse the downward trend in GEN/ELQ for

most States. The exception occurs in Texas and Louisiana where

GEN/ELQ is forecast to go up by 1985. We used the corresponding4 PIES reference forecast of industrial purchased electricity to

predict the level of generation by region in 1985. The forecast

rise in electricity prices was found to predict an increase in the

level of industrial generation, a reversal of the strong downward

trend observed in the period 1972-1976.

We also analyzed an electric rate reform case based on mar-

ginal cost pricing of electricity. Under this scenario the ratio

of generated to purchased electricity increases over the base case

and even reverses the downward trend in several States. The PIES
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model was used to generate thc industrial prices and purchase

electricity amounts for this case. We find that the level of

industrial generation increases by a factor of 15 percent over

the base case with the largest increases coming in the South

Atlantic and Southwest PIES regions.
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FOOTNOTES

Only 32 States had data on all relevant variables:
these States are Maine, New Hampshire, Vermont,
Massachusetts, Pennsylvania, Ohio, Indiana, Illinois,
Michigan, Wisconsin, Minnesota, Iowa, Maryland, West
Virginia, North Carolina, South Carolina, Georgia, Florida,
Tennessee, Alabama, Mississippi, Arkansas, Louisiana,
Texas, Oklahoma, Colorado, Arizona, Nevada, Washington,
Oregon, California and Alaska.

2Because of the results of the preliminary analysis,
we knew we did not need data on the price of gas, distillate
and residual fuel. We used the preliminary analysis to
determine the list of variables in order to avoid any
pretesting bias which occurs when a data set is used to
both generate and test hypotheses. These data were available
for all fifty States.

3Justification for the use of ACV over other pooling
techniques can be found in [2,3).

4 Specifically: PA, MD, VA, WVA, ARZ, CAL, NJ, DEL,
NEV, ALSK, AND HI.

5
These States are: ID, MD, SD, KA, NC, SC, KY, TN,

ALA, ARK, LA, TX, COLO, ARZ, WASH, ORE, ND, NEB, MISS, OK,
MON, IDA, NM, UTAH, NEV, ALSK, AND HI.
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TABLE 1

Dependent Variable GS/ELQ*

VARIABLE COEFFICIENT T SCORE

PDIST* 0.58 0.44
PRES* -0.62 0.47
PGAS* -0.75 1.52
PELEC* 1.42 2.75
PTC2629* 1.09 4.22
VAM* -0.16 1.35
INTERCEPT 7.69 0.92

R = .57
R2 = .48
F = 5.69
n = 32

Measured in natural logarithms
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TABLE 2

Dependent Variable: GEN/ELQ*

Var. Coeff. T score Var. Coeff. T score

RPELEC* .818 2.25 ALA -2.014 -18

PCT2629* .189 1.61 ARK -1.279 -11.83

INT 4.129 2.33 LA -0.305 - 1.47

Y1976 -0.089 - 3.66 TX -0.937 - 6.06

NH -1.597 - 9.03 COL -2.247 -12.58

VT -2.224 -14.02 ARZ -0.740 - 3.89

MA -2.537 -11.47 WASH -2.744 - 5.35

RI -4.521 -10.63 OR -2.554 - 7.28

CT -3.211 -15.11 CAL -2.97 -22.07

MY -2.414 -18 NJ -3.374 -17.36

PA -2.181 -15.86 DEL -2.64 -16.06

OH -2.642 -20.28 ND 0.065 0.08

IND -1.157 - 8.51 NEB -6.838 -50.3

ILL -2.798 -22.76 MISS -2.142 -19.25

MICH -1.874 -11.26 Ox -3.305 -20.77

WIS -1.808 -13.78 MON -4.94 - 9.22

MIN -0.721 - 6.76 IDA -2.752 - 9.22

ID -2.476 -17.77 WYD 0.089 0.60

MO -2.918 -25.19 NM -0.144 - 1.08

SD -0.958 - 1.20 UTAH 0.356 2.00

KA -3.641 -32.63 NEV -1.76 -10.67

MD -1.908 -14.17 ALSK 1.915 2.41

VA -1.551 -12.12 HI 1.593 1.91

WYA -1.392 -11.08
NC -2.703 -22.82
SC -2.029 -18.76
GA -1.682 -13.16
FL -1.565 - 9.97
KY -6.638 -39.2
TN -2.938 -21.92

R2 = .9979 N2 .9956 F 433.8

*1easured in natural logarithms
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TABLE 3

RATIO OF GENERATED TO PURCHASED ELECTRICITY
1985

State 1976 Base Marginal
Case Cost Case

(L) (2) (3)

ME 1 0.961 0.869 0.948
NH 2 0.242 0,172 01188
VT 3 0.116 0.091 0.1
MA 4 0.109 0.067 0,073
RI 5 0.015 0.009 0.009
CT 6 0.053 0.034 0.037
NY 7 0.076 0.067 0.067
PA 8 0.121 0.096 0.096
OH 9 0.059 0.053 0.063
IND 10 0.23 0.236 0.283
ILL 11 0.057 0.04s 0.055
MICH 12 0.153 0.114 0.137
WISC 13 0.163 0.123 0.148
MINN 14 0.48 0.366 0.439
I 15 0.070 0.069 0.078
MO 16 0.044 0.044 0.050
SD 17 0.099 0.229 0.28
KA 18 0.023 0,021 0.024
MD 19 0.131 0.127 0.127
VA 20 0.226 0.183 b.183
WVA 21 0.265 0.222 0.222
NC 22 0.059 0.050 0.065
SC 23 0.123 0.101 0.13
GA 24 0.201 0.141 0.182
FLA 25 0.238 0.159 0.206
KY 26 0.000 0.000 0.001
TN 27 0.041 0.040 0.052
ALA 28 0.104 0.102 0.131
ARK 29 0.263 0.216 0.275
LA 30 0.561 0.616 0.785
TX 31 0.291 0.314 0.4
COL 32 0.070 0.063 0.07B
ARZ 33 0.351 0.371 0.37
WASH 34 0.016 0.023 0,031
ORE 35 0.028 0.028 0.037
CA 36 0.050 0.040 0.040
NJ 37 0.051 0.026 0.026
DEL 38 0,087 0.061 0.061
ND 39 0.405 0.638 0,779
NEB 40 0.000 0.000 0.001
MISS 41 0.114 0.089 0.116
OK 42 0.022 0.027 0.031
mON 43 0.001 0.004 0.005
IDA 44 0.032 0.023 0o031
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TABLE 3 (cont.)

State 1976 Base Marginal
Case Cost Case

(1) (2) (3)

WYO 45 0.96 0.706 0.861
NM 46 0.609 0.658 0.737

UTAH 47 1.0 0.865 1.05

NEV 48 0.085 0.136 0.135
ALSK 49 2.44 5.23 5.22
HI 50 1.63 3.79 3.78
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TABLE 4

INDUSTRIAL GENERATED ELECTRICITY
1985

(millions of kilowatt - hours)

Region* Base Marginal Difference Percent
Case Cost Case

1)(2) (3) (4)

1 NE 5615 6065 450 8.01
2 NY/NJ 3960 4046 86 2.17
3 HA 17400 17816 416 2.39
4 SA 19928 23760 3832 19.23
5 MW 31506 35800 4294 13.63
6 SW 59670 73555 13885 23.27
7 CEN 2316 2540 224 9-67
8 N.CEN 6288 7082 794 12.63
9 WEST 7576 7714 138 1.82

10 NW 3163 3394 231 7.30
U.S. 157422 181772 24350 15.47

* The FEA regions are defined as follows:

1 NE: ME, NH, UT, MA, CT, RI
2 NY/NJ: NY, NJ
3 HA: PA, DEL, MS, VA, WVA
4 SA: NC, SC, GA, FL, KY, TN, MISS, AL
5 MW: OH, IND, MICH, IL, WISC, MINN
6 SW: RAK, AL, TX, OK, NM
7 CEN: ID, MD, NEB, KA
8 N.CEN: ND, SD, MON, WYO, UT, COL
9 WEST: NEV, ARZ, CAL, HI

10 NW: WASH, ORE, ID, AK

I
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The focus of this report is upon cogeneration

as it might be applied to the energy needs of in-

dustries in the states of Ohio and Texas. More

specifically, this report addresses a wide range of

factors that could have a significant influence upon

how widespread cogeneration could become among in-

dustries in these states, each of which occupies

an important position in the national economy.
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1I. Ptojectio6 o6 Enetgy Consumption

The second task addressed in Ohio was to evaluate, insofar as possible,

trends in energy consumption and industrial growth in order to assess their

effects on the potential development of cogeneration. In order to evaluate

whether trends found in energy consumption would aid or hinder this develop-

ment, GAO provided us with total projected 1985 fuel shifts for Ohio which a

projected level of cogeneration would be expected to produce. Our aim was to

find Ohio's projected 1985 energy consumption figures and compare these with

the GAO shifts to see if projections of trends in energy consumption, including

electric load trends, will impact the development of cogeneration in Ohio.

DATA SOURCE

In order to find Ohio's projection of its own 1985 energy consumption, we
[the Ohio Department of Energy]

asked ODOE,h where we und that state-level, long-term energy forecasting models

did not exist, although ODOE is currently developing a model to forecast natural

gas consumption. Faced with this lack of data from Ohio, we turned to the U. S.
[DOC]

Department of Comercex(6), which has recently prepared highly detailed stateI level energy production and consumption forecasts for the years 1985 and 2000

(Table 4). When we asked ODOE officials for an informal response, they considered

these data to be quite reasonable.

SHIFTS

Comparison of the GAO shifts with the U.S. DOC data shows that forecast

trends in Ohio's oil and gas consumption for 1985 are consistent with the GAO

shifts, with oil consumption increasing and gas consumption decreasing. Further-

more, the GAO shifts represent only a small portion of projected changes in con-

sumption for these fuels, with the GAO shift for oil representing 14% of the

total oil shift between 1976 and 1985, while the GAO shift for natural gas re-

presents only 2% of the total shift for natural gas. For coal, the GAO shifts
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run counter to the state trend, but this is not a problem for two reasons:

first, the GAO shift for coal is a negative shift representing fuel conserva-

tion, Something very desirable; and second, the shift represents only about

12 of the total coal consumption in 1985 and hence is an insignificant perturba-

tion of the system.

Another very interesting conclusion can be drawn from the V.S. DOC data.

These data predict that Ohio's electric power consumption will increase from 119 J

billion Kwh in 1976 to 150 billion Kwh in 1985, a growth of 25Z over 9 years,

yielding an annual linear rate of growth of only 2.9%. In contrast with this

forecast, Dayton Power & Light's 1977 annual report projects its load to increase

over the next ten years at an annual rate of 5.252. Conversations with ODOE

officials have indicated that a 2.9% growth rate is a much more reasonable figure,

particularly in view of what is perceived to be a low rate of industrial and

population growth in Ohio. The low rate of electrical load growth in Ohio could

create a signtficant resistance by utilities and utility customers in Ohio to

the development of cogeneration, particularly if significant capacity surpluses

should arise. Cogeneration development, in this case, would serve to aggravate

I
an increasing spiral in electricity rates caused by the capacity surplus.i'ZZ II. Logia icat Conat it

Our third task for investigation in Ohio was to ascertain whether or not the

shifts in energy consumption projected by GAO for 1985 as a result of cogeneration

could be accomodated by Ohio's energy storage and transportation systems. For

the most part, this question was answered by the shifts themselves. As shown in

Table 3, the shifts for coal, gas and distillate fuels are negative, and Ohio's

energy storage and tranaportation systems cannot possibly be strained by a reduc-

tion in demand for these fuels. On the other hand, Ohio could reap an environmental
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benefit from cogeneration resulting from an annual reduction in coal consumption

of more than 9 million tons.

Although the shift for residual fuels in positive, it represents only about

0.5% of Ohio's total consumption of oil in 1985. This shift could be easily

accommodated by any of the refineries in Ohio. Consequently, we have concluded

that Ohio's energy storage anO transportation systems w.ill not inhibit the level

of development of cogeneration projected by GAD.

IV. Locat Induttiat Attitudea

Our final task was to assess local industrial attitudes toward cogeneration

as an opportunity for investment. Interviews were conducted with representatives

from the pulp and paper, chemicals. and oil refining industries, which are likely

candidates for cogeneration. Comment was also solicited from the Ohio Manufacturers

Association. Although opinion varied widely, consensus was found on three points:

* The int.4ustrial geography of Ohio is not particularly favorable

to multi-plant cogeneration projects. industries whose operating

characteristics would make them attractive candidates for cogener-

ation have not tended to cluster within the roughly 4 square mile4 areas such a facility could serve.

e Broad, general statements about the economic environment for co-

generation cannot be made with confidence. Each project must

be evaluated on its own merits.

* In general, Industry will not invest when uncertainty over

government regulations and policy could have an effect on the

investment.
[Return on, Investment]I, The range of necessary ROlAlevels for cogeneration investments extended from

a low of 10% to a high of 30%. The degree of familiarity with the concept of

cogeneration also varied widely. Some representatives had had personal experience

Iwith cogeneration projects, while others were barely conversant with the concept.
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TABLE 3

PROJECTED SHIFTS IN FUEL CONSUMP~TION

RESULTING FROM. PROJECTED 1985 COGENERATION

IN OHIO

SOURCE: GENERAL ACCOUNTING OFFICE

Trillion BTU Natural Uitis

Diatillat* -0.6991 -0.1188 (106 Bbl)

Residual +7.2951 +1.1672 (106 Bbl)

Coal -25.9390 -9.2463 (106 Ton)

Gas -2.1116 -2.1116 (BCF)

Total -21.4547

Total Cogenerated Electricity 2.344 Billion Kwh
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The Houston area has historically been an attainment area and, therefore,
[prevention of significant deteriorationi

is covered under PSD~regulations. A great amount of concern among industrials

in this area is that all of the incremental emissions permitted under these

rules already exists, largely as a result of previous conversions from gas to

fuel oil. If this is the case, additional industrial growth and conversions to

coal in this area could be slowed or halted. A study commissioned by a private

industry association, the Texas Chemical Council, is currently investigating

this question.

11. Texaa. Ptojecton6 to 1985

The analyses in this section are based primarily upon two major studies

prepared by or under contract to the Texas Energy Advisory Council (TEAC).

The first of these, Texas Energy Outlook: The Next Quarter Century, focuses

upon the overall energy and economic situation projected in Texas. The second,

Provision of Electric Power in Texas: Key Issues and Uncertainties, focuses

specifically upon the prospects of electric power generation.

The first of these studies evaluates the impact of three alternative com-

binations of energy policies: a Business as Usual scenario, a Maximum Government

Regulation scenario, and a Free Market Scenario. The analyses in this section of

our report are based upon the Business as Usual projections since (1) available

.1 quantitative TEAC analyses of the impacts of specific policy options are based

upon this set of projections and (2) the assumptions upon which these projections

are based lead to moderate rather than extreme expectations concerning future

Texas energy supply and demand. Specifically, the assumptions underlying the

projections are:;

o "~No future embargoes will occur; the price of imported crude will

continue at $13 per barrel adjusted annually for United States

inflation rates."~
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* "Texas Railroad Commisuion (TiC) restrictions on the use of natural

gas as a boiler fuel (Docket 600) will be continued and enforced."

* "Domestic crude oil prices will increase as scheduled under,-the

Energy Policy and Conservation Act; similar controls will be

continued after EPCA termination."

* "Natural gas prices for interstate gas will continue as scheduled in

the Federal Power Comission Docket 770; market clearing intrastate

prices will be allowed to continue."

e "Surface mining regulation in Texas and the west will be enforced

approximately as currently required in Texas (not so restrictive as

to prevent maximum coal and lignite development)."

e "No political restrictions on nuclear power development will be created

but continuation of current regulatory procedures will prevent mnaxi-

mum development."

e "No energy conservation practices will be government enforced except

those resulting from price."

9 "The government will not enforce utility rate structure changes."

* "Significant contributions (defined as 0.01 quadrillion BTU (Quads)

per year or greater) from 'developing technologies' will begin to

occur as follows:

solar, wind and biomass 1985

geothermal 1990

tertiary oil and gas recovery 1975

synthetic fuels 1990

breeder reactor 1990

150



APPENDIX V APPENDIX V

Government will participate in the development of these technologies

through research and development funding plus supports during the

comercialization phase."~

o "Existing environmental standards for air and water will continue."

Selected projections provided by the Texas Energy Advisory Council under the

assumption outlined above are contained in Appendix A to this chapter.

The projections included in Appendix A answer'several specific questions

posed by GAO, each of which is addressed in succeeding portions of this report.

GR.OWTH

RAU Table 10 in Appendix A provides an index of projected economic growth in

Texas. This index shows an increase of 27% between 1975 (1.2867) and 1985 (1.6333;)

(Base year 1967 - 1.0000). In addition, Tables 11 and 12 provide projections of

population, employment, income, and state and local tax revenues. With the ex-

ception of employment, all of these projections show continuing increases in the

1976-85 period. Employment declines slightly in 1979 (because of a recession

anticipated by the model under the BAU scenario), but increases annually after

that year.

CHANGES IN INDUSTRIAL ENERGY DENAND

Projected Texas demand is provided in BAU Table 1. Total demand is expected

to Increase by 24.7% (1.7843 Quads) from 7.2288 Quads in 1976 to 9.0131 Quads in

-- - 1985. Nearly half of this total increase is the result of a 0.8702 Quad increase

in industrial energy demand. Furthermore, the chemical industry. which accounted

for 331 of Texas' total energy demand and 67.7% of Texas' Industrial energy demand

In 1976, is projected to account for a .8183 Quad increase between 1976 and 1985,

which is 941 of Texas' projected increase in industrial demand.
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PROJECTION4S OF TOTAL EN4ERGY CONSUMPTION

RAU Table 8 gives annual fuel consumption by type of fuel. Note that only

electricity produced by nuclear and hydropower is included; power generated by

fossil fuels is represented by including volumes of fuel used to generate that

power with the volumes of fuel consumed directly. These data show total energy

demand increasing by 24.7% from 7.2 Quads in 1976 to 9.0 Quads in 1985. All

fuels show an increase in utilization except hydropower, which remains constant,

and natural gas which declints by 33% from 3.9 Quads in 1976 to 2.6 Quads in

1985. These trends are consistent with those reflected in the fuel shifts

developed by GAO. Furthermore, the magnitude of the GAO net state fuel shifts

is small in comparison except for natural gas and, to a lesser extent, for coal:

Texas Projected GAO as

GAO Shift Change (1976-85) % Texas

Oil (ref. prod.) .0604 1.5019 4.02%

Coal (coal & lig.) .1014 .9384 10.8 %

Gas -.2638 -1.3193 20.00.

The significance of the GAO shift as a component of the reduction in gas consump-

tion is not unexpected because of the close connection among mandatory reduction

in gas consumption as a boiler fuel, conversion of boilers to coal, and the mar-

ket for cogeneration. This interaction and the major current issues (i.e. TRC

Docket 600) are discussed elsewhere in the report.

Assessing the magniLude of the GAO shifts with total anticipated energy

consumption in 1985 for those fuels whose consumption is expected to increase

because of the development of cogeneration capability reveals the same pattern:
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Texas Projected GAO a %
GAO Shift 1985 Demand Texas Projected

Oil (ref. prod.) .0604 3.9841 1.56%

Coal (coal & lig.) .1014 1.1516 8.81%

The importance of plant conversions to coal is again shown by the significance of

the shift projected by GAO as a component of the total Texas demand for coal esti-

mated for 1985.

STATE AND FEDERAL PROJECTIONS

The following table compares projections of the U.S. Department of Commerce,

Office of Ocean, Resource and Scientific Policy Coordination, Series F with

those contained in BAU Table 8. made by the Texas Energy Advisory Council. The

complete Coimmerce data upon which this table is based in included as Appendix B.

1985 Total Texas Energy Consumption (Quads)

Commerce BAU Table 8 Difference

Oil (ref. prod. & NGL) 3.494 4.920 -1.426

Natural Gas 4.110 2.598 1.512

Coal (coal & lig.) .758 1.152 -0.394

..~ jOther (nuc. & hydro) .263 .344 -0.081

Total (Quads) 8.625 9.014 -0.389

*While the total energy consumption projected is fairly close, two major differences

are evident. First is the magnitude of the differences in oil and natural gas.

These differences, which are offsetting to a large degree, reflect Commerce anti-

cipations of a continually high level of natural gas consumption in Texas. It is

* worth noting that the GAO shift projections for coal are 13.4% of the total coal

projected by Commerce and 8.8% of that projected by Texas.
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Department of Commerce and Texas state supply projections (from BAU Table

2, which should be Interpreted as total domestic state supply) show the fol-

lowing 1985 components:

1965 Production of Fuels (Quads)

Comerce BAU Table 2 Difference

(Coe rce loes Texas)

Oil (Crude) 7.145 5.244 1.901

Gas 7.451 6.085 1.366

Coal (Lignite) .292 .700 -0.406

It is evident from these data that Commerce anticipate* a considerably higher

level of Texas oil and Las production than does Texas and a lower level of coal

(lignite) production. These projections can also explain a large part of the

discrepancies in the projections of fuel consumption.

INDUSTRIAL ENERGY PER UNIT OUTPUT

SAU Table 9 give. projections of the energy consumpt ion per dollar of output

for gross Texas product, Texas manufacturing, and transportation. These data

show that, between 1976 and 1985, Texas gross product will increase its energy

consumption per unit of output from 74,400 STU/dollar to 75,500 STU/dollar with

fluctuations in individual years. After 1985, a clear trend of increasing energy-

Intensity Is evident. The manufacturing and transportation sectors on the other

hand are expected to show a 1976-65 trend toward lover energy consumption per

unit output. For manufacturing, the energy required goes from 86,000 to 77,100

STU/dollar of output. For transportation, this value goes from 73,300 to 69,000

STU/dollar of output.
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PROJECTIONS OF ELECTRIC POWER CONSUMPTION

Projections of electric pover consumption in RAU Table 6 show an increase

in total industrial demand of 0.091 quads between 1976 and 1985. Of particular

significance is the fact that electricity generated and consumed by industry is

distinguished from electricity consumed by industry but generated by uL.litins.

The following table summarizes these projections in light of the GAO projection

of cogeneration. The quantity of cogenerated electricity projected by GAO is

1.7 times the Texas projected increase in all industrially generated electricity

by 1985. Furthermore, the GAO projection exceeds 401 of the total increase in

industrial electricity consumption and 10% of the total industrial electricity

consumption projected by Texas for 1985.

Texas Industrial Electric Power Consumption (quads)

Ind. Self GAO Proj. Other Ind. GAO Proj. Total GAO Proj.

Generated as 2 of: Consumption as % of: Ind. as 2 of:

1976 0.0564 - 0.1871 - 0.2435 -

1985 0.0791 49.05 0.2554 15.19 0.3345 11.59

Change 0.0227 170.93 0.0683 56.81 0.0910 42.64

GAO Cogeneration Projections - 11.3774 x 10 Kwh

11.3774 x 109 Kwh x 3.412 X 10 BTU - .0388 x 10 15 BTU's
10 Kwh
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A.4. SELECTED FORECASTING RESULTS

A.4.1. BAU RESULTS

BAU TABLE 1. TOTAL ENERGY DEMAND9 1960-2000

ELECT. RES.
POWER AND TRANS- OTHER CHEMICAL

YEAR LOSS COW4. PORTATION INDUSTRY INDUSTRY TOTAL
(QUADS)1960 .3132 .i26J .538 1,6980 1.33o 4,6274

1961 3Sl66 *LI~bj .67v9 1.66eg 1,3788 4*666419o2 .3048 .478J .5975 1.71036 104730 4.9169
1963 .4088 .499 .897% 1.TU39 1.5450 s.858190J4 .4434 .S243 .9%28 1.7090 1.661J 5.e90q
19 5b 0631 .525 Io061 1,7126 1.5325 5.241lgub .51J61 O038 1.Ois12 1, 4v 6 L05d7z s ,.1is19
19(1 .5546 .5671 1.1236 1.6091 t.7U60 5.$8301t1 *bs165 .6391 1.1960 1.5975 1.8 '6 5.90311909 .694J .6972 102183 1.6175 1.9b56 6.18261970 .7492 .740S 1.2463 1.663 2olU90 6.5331
1971 .6298 .7551 1.2855 1.7867 2.3844 7.03651972 *9094 .796co 1.3839 16663 2.43J1 7.16b6
1973 .99d5 08815 1.5u7? 1.7844 2624 7.78M1

.55 1311 SS2 1.4815 1.b6b8 2.5740 7.613o1975 1.3635 .8s5d 1.5364 1.36AJ 2.2297 7.65341976 1.1U44 .8423 1.5268 1.3411 2.3922 7.228
I197 1.16oo .843J 1.5375 1.3214 205265 1.38841197tt 1.2373 .84bi 1.5518 1.2655 2.4876 7.4104
1979 1 va 788#6 1.163' 160653 2.4641 7.398019411 1.3486 .M419 1.5538 1.2719 2.6268 7.642?
i9m1 1,4134 .8516a 1,5610 1.2998 2o80129 7.4)lad2 1,4887 .A717 1.6261 1.3238 2.9133 S.2?5l
1'83 15*o95 .8932 1.6769 1,3499 2.9994 8.4t93
1OP 1.6499 .912J 1.7231 1.37b2 3.1139 0.77411q85 1.7247 .9268 1,758w 1.393v 3.2186 9. 131t190 1.7709 .94|d 1.7880 104172 3.36568 .?831"tqel 1.8062 9S54 1.8171 1.4422 3.5296 9.5446
198 1.8473 .9682 1,8478 1.4667 3.7012 9.83111989 1.0693 .9627 1.8ew5 114926 3.8817 10.1267
199r 1.91n6 .9925 1.9115 115128 4.d7dl 11.4047j9, 1.96oa j.Jo'3J 1.9427 1.5329 4.2676 10070be1992 109912 1,3118 1974S5 1I5638 4,4753 11.661993 2.0284 1..1203 2.d128 1.5777 4.6937 11.3325
19.4 2,0612 1,85 2,1S8 1,6824 4.9d35 110666519yl5 t.0963 1.366 2W887 1.6274 516e47 12.01381990 .1317 1,.J44 2.1268 1.6534 5.41864 12.3752
1997 R.177 1.44 2.1661 1,6813 5.6853 12.757519968 .13u 1.4645 2.2u71 1.7111 5.9662 13.16281999 1.2592 1.765 2.250S 1,7428 6.2616 13.59O82000 2.3095 1.490J 2.2964 107766 6.5726 14e45S
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BAU TABLE 2. TOTAL ENERGY SUPPLY, 1955-2000

CRUDE NATURAL H4YDRO-
YEAR OIL GAS LIGNITE URANIUM POVIER TOTAL

(QUADS)

1956 6.4250 5.160-1 0 fo .409 11.SA99
19S7 6.2266 513211 a 11324 11.b81a
1950 5,4534~ S.3440 ~ 0 6 .- A122 10.809a
1959 S.6370, S.9 J2f W1 .01u wi 1.549b
1960 5,3790 ui.gi81 a I IC 1.11
1961 5.447;j 6,15'44 a .123 11.6133
£9.2 5.471d 6.,2751 a 0Wo 11~f! l.7%40
1963 5.671d b'404h) a 0 'dIo4A 12,796
19bG 5*739a o.7340 0 0 'I66as 12,477S
1965 Soa@4%I 0,A49J a .1074 12,6604
196b 6.1356 7,178'd a .1079 13.3169
1907 6,496 7. 4 Iqu to *Boss 13,926
j9b6 615740 7,7356 a a .16133 14.3223
1969 6.8636 8.10se a a .0127 14.7977
1970 7,248d 8.1.250 a .6d0 15.lIS8830
1971 1.3930 6.624J a fA .@v$@ 15.9256
1972 7.55*w 8.9350 .268 0 tea3 16.S243
1973 7.509d 6.7866 91280 W .v1le 16,3400

194 7,3290 8,4320~ d286 d 60163 1517961
1975 7.38#4 7,7250 14980 *2488d .6192 15.1762
1976 8.7226 7,41DSO .1546 .2926 06192 14,5936
1977 6,4442 7.1276 .2100 04320 .8192 14.2330
1976 6,1599 6'Aosb .2660 .6409 .8192 13,8937 4

1979 S*939S **54j5 .3228 *9968 .6192 13,8191
1960 5*7655 o.3461 .3780 1.3656 00192 I13.57M
19al 5,6147 6.1765 .4424 1.1816 .0192 13.4005
1962 5.5161 6,8749 '5080 191616 .9192 13,2761
1983 5.6147 6.17,5 .5712 1.1616 .9192 13.5373
jq~q -j'4659 6,0354 .6356 1.1818 .6192 13.2578

1985 50243S 6..)653 .009 1,1616 e8292 13.2096196 5.0173 6,144 .7336 1.1816 .6192 13o7212967 4.8685 6.1551 .7672 191616 .6192 12,9145

19a 4176 60071 Sus 1161 o1921576s
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RAU TABLE 6. ELECTRIC POWER ENERGY CONSUMPTION# 1955-2000

INDUSTRY RES.
SELF AND

YEAR GENERATION INDUSTRY COMM. TOTAL
(EUADS)

195S 9642S . 366 .0407 .1132
1956 01473 .0352 .6465 .1289
-19S7 .s*69 .d393 .6566 0141d
195 01022 .4396 .9564 01382
i4S *0474 ,d445 .24 .1543
1968 00479 0d496 0692 '1667
19b6 06468 .0491 ,1910 .1876
1962 49546 ,JS94 .0664 .2084
1963 .@568k .652 .0978 .2216
1964 09612 '0721 .154 .2387
1965 .9632 d1799 .1156 .2561
196. .6Sd 10915 .124d .280S
1967 06673 '1989 ,1368 ,305@
1968 08679 ,1137 41587 .3323
1969 .713 o1271 .1713 ,3697
1976 0743 ,1368 01882 .39S3

1971 ,669S '14S6 .2027 .4176
1972 .0766 .1569 02266 o4556
1173 ,1734 .1717 .2404 ,4854
1974 087S5 .1790 .2444 04986
1975 ,|$28 '1783 ,2597 ,490

1976 OO564 .1871 '2691 .536
1977 06595 11952 ,2654 5261
1978 O6596 '1954 02726 ,527f
1979 09597 .1952 02759 05299
1960 03633 .2654 '2769 *S45.6
191 .9674 .2176 ,2847 .5698
1082 ,074S ,2274 ,2964 ,5943
1983 ,9732 .2365 ,3080 .6177

S1964 66764 ,2466 ,3186 ,6416

198 ,8791 ,2SS4 ,3274 ,6619
i9s .s1 .2644 03349 ,6811
t9e7 0646 '2737 3421 7064

1968 00676 .2834 .3497 ,7296
1969 ,9696 o2936 .3577 ?7419
1991 96936 .3637 o3654 ,7629
1991. .6971 .3144 o3731 7046
1992 ,1es 32S3 3863 ,8862
1993 01941 ,3368 .357S .8263
£991 .1079 .3487 ,3946 .6512
1995 .1115 03612 .4018 ,8746
1996 ,L159 ,3742 64%191 .8992
1997 ,1292 *3880 ,4166 ,92be
1998 01247 ,4026 ,4244 ,9522
1999 91294 ,4181 04336 .09611
290 ,1344 04384 04429 1.0117
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BAU TABLE 7. ENERGY USE IN ELECTRIC POWER GENERATION, 1960-2000

COAL
NATURAL FUEL AND HYDRO-

YEAR GAS OIL LIGNITE NUCLEAR POWER TOTAL
(RUADS)

1966 05ssq ,Jd37 0 a .011t .5716
1901 '5679 .030 a a .8123 *5831
19iuZ .66e31 J063 a a 8oe .6773
1963 .7370 0wSi fr .1u)48 .7074
190' ad*,I o1631 a 6 .d045 .8677
19o5 .0397 ojd29 0 8 .8174 .5e
1960 0*993 .0i'3d a IU79 e9210
19U7 09911 .403U a W .9999
19.6 110722 004o a J .W133 1.0961
1969 1,283 ,3js9 L) .127 1.2269
1970 1o2947 View 9 8 d 1181 1.3056
1971 10,l36 odQ21 a d ,86s 1.04147
1972 1.5201 odl1s .314 8 .8433 1.5781
1973 1.5158 J392 0d66? W o8178 1,6383
914 1.5933 .J333 .0727 V .d163 1,7157
1975 1,5467 vo111 .1266 d .6192 1,7037
197o 1.5677 16118 02036 8 08192 1.7424
1977 104665 .826d .2842 8 0d142 1179S9
19711 1,3882 'J491 .3721 a .8192 18262
1979 1.2947 0856a .4594 8 .0192 1,6301
1980 102184 0758 .S66b 8 .6192 106799
1961 101629 e0896 .6392 08491 .6192 109608
1982 116959 .1949 7172 01860 '9192 208431
1983 1.6122 .1214 *7997 '1706 .8192 2.1231
1984 09131 91397 880 .2439 'd192 2,286
£96S 07934 .1586 09769 .3247 .dl92 2.2727
19u 08008 .1583 108869 .3524 .0192 203376
1967 .8081 .1562 1.6051 .3822 .819a 246261988 .815 .1578 19865S ,4134 00192 2.4710
199 .8224 .1573 1.8972 04466 96192 2,S427
1990 08473 .1566 1.1287 0616 od192 2.61341991 *6314 o1553 11627 .5173 .192 206859
1992 06344 .1539 1.19 7 .5550 .8192 207582
1993 08367 .1521 1,2301 5942 .8192 2.8323
1990 o6384 .156 1.2652 .6355 '8192 2,9684
1995 08394 .1477 1030126 06188 ,d92 2,9671
1996 .8481 ,1458 1.34W8 .7244 0192 3,3687
5997 8486 01421 1.38J 7725 .d192 3015I5
£998 .6413 .1389 104224 08236 0d192 3,2454
1999 08423 41354 1.4669 .6781 .0192 3.3420
2*99 .8433 .1317 1.5141 .9361 .8192 3,4S
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BAU TABLE 9. ENERGY EFFICIENCY PER UNIT OF OUTPUT,
1960-2000

GROSS
STATE

YEAR PRODUCT MANUF. TRANS.
(MILLION BTU PER DOLLAR)

190o .097J U
1961 o9QbJ I
1962 .6951 ki
1963 99'41 0 0
1964 '9941 .0ue 0
1965 @87d ,W890

19bb '8600 *076
1961 .9620 .0780 0
1968 0821 .0760 0
1969 .9683 0d760 d
1970 .077d 0ea0 9
1971 o9d 9954 a
1972 .350i 9870 "6809
1973 *0669 0870 99799
1974 083ki .0670 .0746
1975 *674J .0871 .0740
1976 .0744 .086 .9733
1971 01742 08844 .0725
1978 09735 10819 'W719
1979 .073t .003 .3714
1989 .9741 3892 ,07W$
1981 .0748 0799 .0702
1982 ,075d ,0789 9698
1983 .748 .0780 ,8695
1984 .9753 .975 .0693tgs 1950875S '0171 .9696

"1986 68763 0877o 98689
1987 08771 0d782 08688
1988 '67011 00789 eV686

1989 o9789 o0796 .0685
1999 .8800 .0802 ,0683
1991 .@6ad 0oe6 .9681
1992 0822 0817 .0679
1993 ,9840 0830 08679
1994 '6656 03843 93679
1995 06875 0e55 ,V679
1996 09893 0d867 ,6676
1997 '0911 '0880 0678
198 .0929 ,0892 .0677
1999 .0946 'J904 03677
as@@ .9963 0d916 .8677
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BAU TABLE 10. TEXAS ECONOMIC GROWTH INDEX,
1955-2000

YEAR (1967 = 100)
19ISS .5861

195b 06311
1957 e6461
195M .612J
1959 0653%)
1960 bbbu

1961 .6721
1962 *7064
1963 ,75b
1964 .83d
1965 04
1966 *9391
• 1967 1 0001

19be 1,0581
1969 161161
1970 1.1371
1971 117J
1972 1 1931
1973 1.251J
1974 1o2611
1975 1.254i
1976 1,1867
1977 1"3222
1978 i,3394
1979 1.34at
1950 1,36809
1981 1.4275
1902 10477d
1963 1,5328
1984 105825
1985 1,6333
1986 1.6761
1987 1,7191

1988 1,7617
1989 1061dib
1990 185913
1991 1,9119
1992 1,9641
19V3 2,0127
1994 2.3637
1995 2.1176
1996 2.1746
1997 d,2344
1998 22964
1999 2,361821000 2.,31
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BAU TABLE 11. TEXAS POPULATION AND EMPLOYMENT9 1955-2000

ENERGY NO. OF TOTAL TOTAL
INDUSTRY HOUSE- EMPLOY- POPU-

YEAR EMPLOYMENT HOLDS MENT LATI ON
(MILLIONS)

195 .240 2.5140 3.2u3o 3.786W
1956 .2174 20. Soot 3.3520 a.954
1957 .2185 2.61id 3.3740 9.1270
19a .033 2.o70j 3,31q4 90950
1959 .266 2.7250 3,4215 9.4620
19b0 .1987 2.7780 3.455 9.621.1
1911i .1954 2.8510 3.,4'10 9 .1bi1
19b2 .1902 2.930j 3.5170 1..030vi
1963 .1834 2.9831 3.5780 10.15,3d
1964 .1821 3.0334 3.67UO 10.26b0
lV95 .1816 3,J830 3.8u0 10.3140
1966 .1789 3.134.1 3.9690 la.qa7d
19? .1769 3.187U 4.1170 1.6560
1968 .1773 3.267J 4.28bO 10.8100
1969 .1776 3.3534 4.4710 11.0330
5970 .1896 3.4340 4*SIUU 11.2400
1971 .1615 3.5165 4.5630 11.4240
1972 .1833 30596d 4.6510 11.S918
1973 .1689 3.6835 4.7760 11.8190
1974 *230 3.?634 4092WO 12.0120
1975 .2112 3,766d 4.9976 12.2264
197* 021(9 3.776a 5.04kU4 12.261d

* 1971 .2698 3,89 5.1d39 12.3666
1978 .2965 3.8571 5.13W8 12.5218
1979 .2930 3.A778 5.1196 12.589-
1986 .2041 3.8696 5.1597 12.5624
1981 .2952 3.8995 5.2553 12.6594
1982 .2364 3.9713 5.3694 12.8925
1983 o2103 4,S? 5,4836 13.1721
1984 .2147 4.1437 5.5838 13,4521
1965 .2113 4.2190 5.6585 13.6966
1986 .20911 4.2762 5.7232 13.8824
1967 .2965 4.3252 5.7849 14.0414
1988 .2034 4.3719 5.8471 14.1929
1989 .2004 4,4189 S.9127 14.3455
19,0 .1973 4.4684 509765 14.064
1991 .193d 4,5167 6.0372 14,6631
1992 0lfa2 4,562t) 6,0943 10.6121
1993 01636 4,6158 6.15il 14,9523
1994 .l784 46148W 6,26b% 15.0892
1995 .1729 4,6906 6.2639 15.2275
1996 .1686, 4,7344 6.3!32 15.3a5
1997 ,163S 4,.7788 6.3859 15.5138

1998 .1594 4,8262 614534 15.6677
1999 .15s5 W.8771 6.52b9 15.8330
MOe o21 4,9319 b.6440 16.11
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DAU TABLE 1.2. TEXAS PERSONAL INCOME AND TAXES,
1965-2000

STATE &
ENERGY LOCAL PERSONAL

YEAR TAXES REVENUES INCOME
(1975 DOLLARS IN BILLIONS)

j0e5 i9;0,1 a,931ld 4.216Ij"

1906 *7vi 4 o b.143d 45.8440

1961 r1aij S.2A5U '187uois

1969.q6. 5.98d~ b4,7767
19711 .77%i.j b*485b b6.1150
1971 06480e >.k9u91 7'.4Iul
1982 1.3385 9752b 64.98
1983 6674J~ 79280b 79*Z99g

191s 1 *406) a,43 9.59 65,930~
£96 1.519b 8.4948 67.3237
1977 1.5358 8,6266i 66.9173

19679 1,25465 1018 1b.63710

149 1.3385 9,37529 76.6667

1983 1.4193 11.706A4 109904

19'I7 1.4618 11.5102 1.4995
1998 1.5195 101903 83,30.26
1999 1.433* 10.361~ 185.041

1991 10.5102 11,.8451 93,9741

1992 I.S41651455 566

199 1115269 11.2261 97.38

19941,5sl 19299 99116
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ACKNOWLEDGEMENTS

During our assessment we conducted interviews with
eight industrial cogeneration candidate companies, five
utilities, nine trade associations, three research organi-
zations, five Federal agencies and departments, three
State agencies, and one equipment manufacturer. These
organizations are listed below.

INDUSTRY

Alcoa
Dow Chemical
Gulf Oil Chemicals Company
Gulf Refining and Marketing Company
International Paper Corporation
Shell Oil Company
Union Carbide Corporation
U.S. Steel

UTILITIES

Gulf States Utilities Company
Houston Lighting and Power
Public Service Gas & Electric of New Jersey
San Diego Gas & Electric
Southern California Edison Company

TRADE ASSOCIATIONS

Aluminum Association of America*:;4; ~American Iron and Steel Institute
American Petroleum Institute
American Public Power Association
Chemical Manufactures Association

.4 Edison Electric Institute
Electricity Consumers Resource Council
National Association of Manufacuters
National Association of Regulatory

Utility Commissioners
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GOVERN*MENT DEPARTMENTS AND AGENCIES

Department of Energy
Economic Regulatory Administration
Environmental Protection Agency
Federal Energy Regulatory Commission
Department of the Treasury

RESEARCH ORGANIZATIONS

Electric Power- Research Institute
Resource Planning Associates, Inc.
Thermo Electron Corporation

STATE AGENCIES

California Energy Commission
California Public Utilities Commission
Los Angeles Department of Water &Power

EQUIPMENT MANUFACTURER-- -

Solar Turbines
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U.S. Department of Energy
Washington, D.C. 20585

JAN 8 198O

J. Dexter Peach, Director
Energy and Minerals Division
U.S. General Accounting Office
Washington, D.C. 20548

Dear Mr. Peach:

We appreciate the opportunity to review and comment on the GAO draft
report EMD 80-7, "Cogeneration--What It Is, How It Works, And Its
Potential Development As An Energy Conservation Measure."

The. recommendations of this draft report, which appear in Chapter 6, are
concerned with the promulgation of policy guidance for the development
of rules and regulations to implement provisions of the 1977 National
Energy Act (NEA) in the area of cogeneration. This concern is not
clearly evident in the Digest section nor in the introduction. This
matter should be clarified in the final report; otherwise the reader may
misinterpret the purpose of the report to be to recommend new policy.
The policy exists and the GAO recommendations, supported by detailed
analytic backup, are focused on its use as guidance to implement NEA.

The comments on the related effects of cogeneration in Chaptgr 3, are:; questionable. It is unlikely that electric utilities will lose baseload

demand as a result of certain industrial operations converting to
cogeneration. With even a modest growth in system demand, the baseload

may be expected to continue to increase, although perhaps at a lower
rate. The comment on the expense of base capacity is also misleading.
Baseload is met by the most cost-effective plants within a given utility

grid, with older facilities being brought on line to meet peak demand.
The paragraph needs rewriting to eliminate ambiguities. a/

We believe that. the recommendations concerning development of a national

cogeneration policy which appear in Chapter 6 under the topic "Establish-
ing user classes and state and regional planning are necessary for

implementing the policy," are reasonable.

As to the recommendations concerning the topic "Cogenerators coal

conversion exemption should be based on user classes:"

a/See GAO note 1 on p. 174.
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-- We concur in the first recommendation regarding encouraging
large industrials to cogenerate on coal because industrial
consumption of imported fuels (for heat) is up to eight times
higher than that of utilities (for power). Because of this
high industrial imported type fuel consumption, the Federal
government should not be responsive to arguments from large
industrial users to grant exemptions for cogenerators who wish
to use imported fuels. The areas to be on the alert for this
argument are those where oil or gas is currently used by
utilities for power generation and by industrials for heat/
steam generation. The applicant's argument will correctly be
that if he burns scarce fuels in a cogeneration site he can
show a net reduction in imported fuel use for his heat and
power. However, if his process heat and power can be made to
come from abundant domestic fuels (like coal) the imported
fuel reduction is expected to be significantly greater than
cogeneration on imported fuels. This is because in conver-
sions or new construction using coal, the displacement or non-
use of imported fuels is 100% and not just the typical cogen-
eration fuel savings of 10-30%.

-- We do not concur in the second recommendation. Sufficient
studies of industrial cogeneration using coal in advanced
technologies have been sponsored by DOE to suggest that all of
the major industries will be able to cogenerate on coal and
get at least a 10-30% ROI and show a national emission reduc-
tion of 600 kilotons/year. increase in on-site emissionsI through burning more on-site fuel would be more than offset by
utility fuel burning reductions, which EPA acknowledges. A
solution to the on-site emission increase is to extend the
non-attainment "bubble" to include the impacted utility. The
"bubble" would then show an emission decrease due to cogen-
eration, even on coal. This solution was suggested to DOE
formally on November 14, 1979, by EPA representatives from
Washington, Triangle Park and Cincinnati when DOE presented
the above to them. A/

We do not agree vith the recommendation under the topic "Rules defining
a qualified cogeneration facility should include provisions to maintain
fuel efficiency." Good business practice dictates that a cogeneration
system be operated most efficiently, so as to realize the most effective
use of capital and operating funds. Hence the GAO's recommendation
would result in a redundant requirement. GAO appears to believe that

there is a one for one correspondence between electricity generation and
steam production, with changes in one resulting in corresponding changes

A/See GAO note 2 on p. 174.
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in the other. Cogeneration systems may be designed to provide electri-
city, with steam as a by-product, or to generate steam with electricity
as the by-product. There may thus be considerable variation in either
steam production or electricity generation without substantial variation
in the cogenerated product. We also suggest that the discussion under
this topic, concerning thermal energy storage be deleted. This would be
an expensive and questionable plant feature at best. As a further
response to this topic we believe the recommendation should only be
considered for cogenerators who have been granted an exemption so they
can use imported fuels; under no circumstances should it apply to cogen-
erators where domestic coal is the primary fuel. &

On the topic "Rules for just and reasonable rates must be equitable," we
concur with both recommendations, providing the adoption of such guide-
lines is left up to the discretion of the State Public Utility Commissions.

We do not concur with the recommendations uitder the topic "The regulatory
stpktus of cogeneration facilities needs to be determined" because it
implies that the Federal Energy Regulatory Commission (FERC) would be
given the authority to impose restrictive regulations in areas of the
public sector where it has given up authority. It would seem more
reasonable for FERC to: (1) Define clearly what constitutes a non-
exempt ownership status. By definition, this leaves the balance as
exempt. (2) In granting an exemption or exception, FERC should make
every effort to keep large shareholders in a cogeneration facility from
taking on extensive new responsibilities to the Securities and Exchange
Commission (SEC) under the Public Utility Holding Company Act of 1935.
The intent of the above is to promote cogeneration in industry by
removing Federal authority to regulate both by FERC and SEC. b

We concur in the recommendation under "Cogeneration exemptions from
incremental natural gas pricing provisions should be based on user
classes.'' This recommendation is very much in keeping with the first
GAO recommendation on cogenerator's coal conversion exemption, discussed
above. The comments in support of that recommendation apply here as
well. However, caution should be exercised in granting exemption to
small industrials who wish to get natural gas at an artificially low
price. In particular, if it can be shown that coal burning fluidized
bed combustion is commercially available for small steam generation and
there is no negative return on investment for its site specific instal-
lation and use, one might reasonably question why an exemption would be
granted to stay on natural gas when homeowners would be paying as much

for gas as oil.

I/Se (A noe3 np.14
a/See GAO note 34 on p. 174.
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Two recommendations are made under the topic "Cogeneration systems
should not be eligible for the investment tax credit.,, a/

-- We do not concur in the recommendation concerning investment
tax credit eligibility of cogeneration systems. DOE sponsored
studies have suggested that while very few single actions are
sufficient to push a decision in favor of cogeneration, every
favorable action helps and can have a positive impact. The
sensitivity of ROT to tax credits is acknowledged to be low,
5% ROT for 10% additional tax credit. However, with existing
technology, a 5% reduction in minimum acceptable ROI (hurdle
rate) from 15% down to 10% is sufficient eo raise the emission
savings due to cogeneration by a factor of 4. Advanced coal
burning technologies project even better economics and less
environmental sensitivity to ROT. The implication here is
that an interim tax credit, until the advanced technology is
available, would be highly beneficial to the environment.

-- We do concur in the second recommendation. The recommended
impact and benefit assessment should extend beyond economic
and cover the other barrier areas identified by GAO--namely,
environmental, regulatory and institutional.

We do not concur in the recommendation for establishment of a program
off ice to oversee cogeneration activities. While the problems being
addressed by the GAO recommendation are appreciated and understood it'I does not seem reasonable to create a special office to service just one
utilization approach for fuels. This perspective comes from the obser-

I.. vation that there are no less than four utilization sectors (transpor-
tation, utilities, industrials, and commercial/residential) and in each
sector there are three approaches for the utilization of fuels (power
generation, heat generation and cogeneration). The recommendation as
stated by GAO is basically too powerful to be given to one of three
approaches to fuels utilization. We suggest that some review be made of
functional organizational charts of other Federal departments who have
the responsibility of being responsive to a usage/mission sector and
implementing their needs via a coordinated effort in technical and non-
technical, current, near term and far term efforts, for a more feasible
model. b

The report makes little mention of the nature and extent of DOE-supported
work that bears on cogenerat ion. This includes development of improved
cogeneration concepts, district heating assessments, improved coal( _combustion technology, and strategy studies, such as for the use of

A/See GAO note 5 on p. 174.

b/See GAO note 6 on p. 174.
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commercial-scale heat pumps. We suggest that some coverage be added to
the report to identify the major DOE projects that bear on cogeneration.
Otherwise, the reader will have the impression that little relevent work
is in progress.

Appendix II of the draft report is a discussion of technical aspects of
cogeneration. The time available for review of the report did not
permit a thorough evaluation of the data in this appendix. We noted,
however, that Appendix Il draws attention to certain factors which
should be considered in the body of the report to a greater extent than
they appear to be. In the limited time available for our review of this
draft, it was not possible to determine if the projected savings of oil
(or of energy), resulting from implementation of the NEA in accordance
with the policy guidance recommended in this report, was critically
dependent upon the assumed operating conditions for the variously fuel-
fired cogeneration systems projected. The technical issue of concern is
whether maximum design efficiencies have been used in the scenarios
developed or whether lower operating efficiencies which would result
from variations, during plant operation, of demands for steam or elec-
tricity have been used. Altering the electricity/steam production ratio
from the optimum design one will affect operating efficiency. Its
sensitivity to change in the electricity/steam ratio for the different
kinds of cogeneration plants identified was touched on in appendix II;
how it was taken into account in the body of the report and presentation
of the analytical results is not apparent.

We will be pleased to provide any additional information you may desire
in this matter.

Sincerely,

Jack E. Hobbs
Controller
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GAO'S RESPONSE TO DOE'S COMMENTS

l/We believe the report's discussion on cogeneration's re-

lated effects is valid and clear as discussed in chapter 3.
In our analyses, we recognize that declines in capacity
caused by cogeneration may be offset in areas with high
growth rates, such as in the Southwest region. Our analyses
also recognize that electric utilities are likely to lose
baseload type demand because the cogeneration facilities
analyzed would probably operate 24 hours a day like a base-
load facility. The question of whether cogenerated electri-
city would offset utility baseload production or higher cost
intermediate or peaking production is subject to debate as
discussed on page 29. We recognize both situations and per-
formed two independent analyses for each scenario. We be-
lieve that given the assumptions used, the results in both
analyses are reasonable.

2/This comment is reflected and discussed on pages 55 and 70.

3/We concur with DOE's suggestion for changing the recommen-
dation for maintaining fuel efficiency and have modified it
as discussed on page 73. In their comments, however, DOE
incorrectly implied that we believe that there is a one for
one correspondence between electricity generation and steam
production. On pages 72 and 73, we discuss how variations
in either steam or electricity can affect fuel efficiency.
The information shows that steam and electricity demands are
not on a one for one basis, but that nonproportional changes
in either of these demands can affect the fuel efficiency
benefits of cogeneration.

4/The sections of the report to which these comments pertain
have been revised to reflect our discussions with the Federal
Energy Regulatory Commission staff and their rulemaking to
carry out the provisions of the NEA which pertain to cogen-
eration. The Commission staff's rules identify specific
factors which should be considered during the ratemaking
process for establishing just and reasonable rates for quali-
fying cogeneration facilities. The rules, which recognize
the diversity within State Public Utility Commissions, fur-
ther specify the exemptions provided to qualifying cogenera-
tion facilities from the Federal and State laws and regula-
tions which pertain to utilities. Based on our discussions
with the Commission staff and after reviewing their rules,
we believe the rules, if properly implemented, will make
cogeneration more attractive.

5/This comment is reflected and discussed on page 79.

6This comment is reflected and discussed on page 81.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
44 Pc. WASHINGTON. D.C. 20460

13;-

1FFICE OF

PLANNING AND MANAGEMENT

Mr. Henry Eschwege
Director
Community & Economic Development Division

United States General Accounting Office

Washington, D.C. 20548

Dear Mr. Eschwege:

The Environmental Protection Agency (EPA) has reviewed
the General Accounting Office (GAO) revised draft report
entitled "Cogeneration--What It Is, How It Works, And Its
Potential Development As An Energy Conservation Measure."
The Environmental Protection Agency thought the report
was very good overall - thorough in its coverage of the
issues and rigorous in its analysis.

We do have some reservations about the implication in the
report that industrial cogeneration would always provide
positive environmental benefits (see, for example, the
first paragraph on page 1-5). In general, emissions
savings would occur because the same quantity of electricity
and process steam could be generated with less fuel by
an on-site industrial cogeneration system than by separate
facilities for electricity generation at the utility and
steam production at the factory. Since less fuel is burned,
fewer air pollution emissions might be produced.

While a reduction in emissions is possible, it is not assured.
Key to actual measurement of such savings is a clear under-
standing of how the utility would have generated electricity
and how the factory would have produced steam in the absence
of cogeneration. Differences in the type of fuel or equipment
used at the utility and the factory or differences in
applicable air pollution regulations could preclude savings.
Indeed, under some circumstances, emissions could increase.
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In general, cogeneration with new industrial boilers would
slow growth projections for the utility and therefore preclude
the construction of new plants rather than displace existing
units. If this can be assumed, it narrows the possible range
of characteristics for the utility base case. Furthermore,
if steam generation is the primary concern, the industrial
cogeneration should probably be considered to preclude baseload
or intermediate load utility operation. These broad assumptions

are important for at least two reasons. First, coal and nuclear
fuel can be viewed as the most likely fuels to be precluded.
And second, the utility plants not built would have had to meet
recently promulgated new source performance standards (NSPS)
for electric powerplants.

As noted, cogeneration would shave electricity demand growth

and would thereby eliminate the need for new coal and nuclear
powerplants. These new plants would not only have been used
to meet new electricity demand, but also to lessen the use
of existing facilities. These existing units, operating
generally under less stringent emissions requirements, would
generate more pollution than the new, strictly regulated
units. Because it could prolong the use of these existing
powerplants, industrial cogeneration could indirectly increase
utility emissions. Furthermore, since many existing utility
plants burn oil, cogeneration might also lead to greater oil
use than would otherwise be the case.

The assumption concerning applicable air pollution regulations
are of equal importance. The recently promulgated NSPS for
utilities sets a 1.2 lbs. per mmBtu limit on S0 emissions
for coal-fired facilities. In addition, no matter what
emissions would be without controls, the utility must
reduce emissions by 70 to 90 percent. With a low sulfur
western coal, this standard could result in emissions of about
0.4 lbs. per mmBtu at the utility while a 1.2 lbs. standard
might still apply at the factory. So with these assumed
levels in factory and utility S02 regulations, there would
be no emissions savings with cogeneration; indeed, emissions
would increase.

I would like to make one further comment on the air quality
implications of industrial cogeneration concerning the
location of emissions. Fuel use, and therefore emissions,
would increase at the factory site with cogeneration;
emissions would, however, decline overall for an area
encompassing both the factory and the utility by which it is
served. Euissions from different sites could have different
effects on air quality. modelling would reveal the effect
of the shift in location on measured, area-wide air quality.
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The issue of where emissions occur will be especially
important for non-attainment areas. Many factories will
be within such areas while the electric utility by which
they are served lies outside the non-attainment boundaries.
A tradeoff between emissions in non-attainment and other
areas would be especially difficult to evaluate.

We appreciate the oppportunity to review and comment on
this draft prior to its issuance to Congress.

Sincerely yours,

William Drayton, Jr.
Assistant Administrator for
Planning and Management

GAO's response to EPA's couzents

The EPA comments highlight some of the many environmental
concerns and problems which confront cogenerators. In oir
report, we recognize that these issues are important to co-
generators and that their implications must be determined
through a case-by-case analysis, given the site specificness
of cogeneration. (See p. 54.) While cogeneration may in-
crease the level of emissions in specific situations as'out-
lined, our analysis of the available literature addressing
this issue indicates that, generally, less emissions should
be produced. This would occur because, as recognized in EPA's
comments, the same quantity of electricity and process steam
could be generated with less fuel.

17
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FEDERAL ENERGY REGULATORY COMMISSION

WASHINGTON. 0. C. 20426

OFPICE OP THE CHAIRMAN

JAN 2 L 1980

3. Dexter Peach
Director
United States General Accounting Office
Energy and Minerals Division Lr
441 G Street, N.W.
Room 5120
Washington, D.C. 20548

Dear Mr. Peach:

Thank you for providing me with the opportunity to review
and comment on the draft report, "Cogeneration--What It Is,
Bow It Works, And Its Potential Development As An Energy
Conservation Neasure', END-80-7, (Code 003240).

At my requests selected staff members of the Commission
reviewed the report and met with your representatives to
discuss their observations on the report on January 10,
1980.

Insofar as the Commission presently has pending two Notices
of Proposed Rulemakings with regard to cogeneration, I am
not able to directly comment to you on this report. Rowever,
I hope that the comments of the staff have been helpful and
that your staff feels free to consult with the staff of the
Commission with regard to any technical or other review they
might request concerning preparation of the final report.

Sincerely yours,

Charles B. Curtis
Chairman
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FEDERAL ENERGY REGULATORY COMMISSION

WASHINGTON 20426

o~26 117
Honorable Elmer Staats
Comptroller General
General Accounting Office
Washington, D. C.

Dear Mr. Staats:

I am writing to you with regard to the draft report which
you recently provided to the Chairman of the Federal
Energy Regulatory Commission, entitled "Cogeneration --
What It Is, How It Works, And Its Potential Development As
An Energy Conservation Measure" (EMD-80-7, Code 003240).
At this time, the Commission is preparing final rules
implementing sections 201 and 210 nt the Public Utility
Regulatory Policies Act of 1978 (PURPA), which concerns
the interconnection of cogeneration facilities with elec-
tric utilities, the rates for exchanges of electricity
between such facilities and utilities, and the exemption
of cogeneration facilities from state and federal regula-
tion as electric utilities.

I have reviewed your draft report on cogeneration and
I believe that the Commission should consider it in its
analysis of the complex issues involved in determining
national policy with respect to cogeneration. The GAO
report contains an overview of the issues involved in
cogeneration, and sets forth a framework for a responsible
cogeneration policy development. However, in order to

i icomply with the requirements for notice and comment of
rulemakings the document must be placed in the Commission's
public files and be made available for public inspection.
I, therefore, request that you authorize the Commission's
Staff to undertake those actions.

In addition, as part of the rulemaking process, in compli-
ance with the National Environmental Policy Act of 1969
(NEPA), the Commission is preparing an Environmental
Impact Statement (EIS) on its proposed rules implerenting
sections 201 and 210 of PURPA. SRI International is
assisting the Commission in this project. In order to
predict the environmental effects of the proposed rules,
SRI is attempting to project the growth rate of cogener-
ation and other technologies under various regulatory
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alternatives. Appendix IV of the GAO report contains a
study ("Industrial Generation of Electricity in 1985:
A Regional Forecast*) prepared by C. E. Moody as a
consultant to the GAO. This forecast is very similar
to forecasts being prepared for the Commission by SRI
International, and would be most useful to them in their
work for the Commission.

I would, therefore, also request that the Commission be
permitted to provide this forecast to SRI International.

If you do not believe it appropriate to make these docu-
ments part of the'Commission's official record in its
rulemaking proceedings, it would nevertheless be useful
if the above-mentioned forecast could be furnished to SRI
International, under the condition that SRI be required
to prevent its publication or disclosure.

Thank you for providing the Commission with this document,
and for your consideration of these requests.

P ert Nordhaus
General Counsel
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UNITED STATES GENERAL ACCOUNTING OFFICE

WASHINGTON, D.C. 2054

mvamawJan. 7, 1980

Mr. Robert Nordhaus
General Counsel
Federal Energy Regulatory Commiss ion
Washington, D.C. 20426

Dear Mr. Nordhaus:

We have reviewed your December 26, 1979, request to
place a copy of our draft report "Cogeneration--What It Is,
How It Works, And Its Potential Development As An Energy
Conservation Measure"s in the Commission's public files con-
cerning sections 201 and 210 of the Public Utility Regula-
tory Policies Act of 1978 (PURPA). We understand this
request, made in order to comply with the requirements for
notice and comment of rulemakings, would make our draft
report available for public inspection. Although it is
unusual to release a draft report for public consumption,
you have clearly pointed out that releasing this report for
the Commission's files would be in the public interest.

Considering the benefits, we authorize the Commission's
staff to undertake those actions outlined in your request.
We would like you to note in the public files, however, that
the report is a draft being reviewed by other agencies and
interested concerns, and is subject to change. We would
also appreciate you including in the public record a copy
of your December 26, 1979, request and this response.

You also noted that appendix IV ("Industrial Genera-
tion of Electricity in 1985: A Regional Forecast") of our
report would be helpful to SRI International who is assist-
ing the Commission in preparing an Environmental Impact.
Statement on sections 201 and 210 of PURPA. We agree again
that it would be in the public interest to provide this
appendix to SRI International for their internal use.

We are happy that our draft report can be beneficial
to the Commission and assist SRI International with its

utudy.Sincerely yours,

J.Dexter Peach
"Director
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APPENDIX X APPENDIX X

rDEPARTMENT OF THE TREASURY
WASHINGTON. D.C. 20220

ISTANT SECRETARY

JAN C 2' "180

Dear Mr. Voss:

Thank you for the opportunity to comment on

the General Accounting Office draft report entitled

"Cogeneration -- What It Is,, How It Works, And Its

Potential Development As An Energy Conservation

Measure."

We have no comment with respect to this

report.

Since-

Donald C. Lubick

Mr. Allen Voss
Director
General Government Division
United States General Accounting

Office
Washington, D.C. 20548

(003240)
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