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FOREWORD 

The Lyndon B. Johnson School of Public Affairs has 

established interdisciplinary research on policy problems as 

the core of its educational program. A major part of this 

program is the nine-month policy research project, in the 

course of which two or three faculty members from different 

disciplines direct the research of ten to twenty graduate 

students of diverse backgrounds on a policy issue of con

cern to an agency of government. This "client orientation" 

brings the students face to face with administrators, legis

lators, and other officials active in the policy process, 

and demonstrates that research in a policy environment 

demands special talents. It also illuminates the occasional 

difficulties of relating research findings to the world of 

political realities. 

This study examines the cogeneration of electricity 

and steam for industrial processes as a means for energy 

conservation in Texas, and explores the relationships be

tween cogeneration and federal and state energy policies. 

The report is the product of a policy research project 

conducted at the School during the 1978-79 academic year 

with funding from the Texas Public Utility Commission in 

association with the Governor's Office of Energy Resources, 

and from the LBJ Foundation. 

It is the intention of the LBJ School both to devel

op men and women with the capacity to perform effectively 

in public service and to produce research which will en

lighten and inform those already engaged in the policy pro

cess. The project which resulted in this report has helped 

to accomplish the former; it is our hope and expectation that 

the report itself will contribute to the latter. 

Elspeth Rostow 
Dean 
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PREFACE 

This document is a product of the Energy Policy 

Research Project conducted by the Lyndon B. Johnson School 

of Public Affairs, The University of Texas at Austin, 

during the academic year 1978-79. The views expressed herein 

are those of the policy research project participants and 

do not necessarily reflect those of the sponsoring agencies. 

Numerous persons were kind enough to share their 

expertise in cogeneration and related matters with those 

who worked on the project. We are extremely grateful for 

their assistance. They are: Peter Baldwin, Governor's 

Office of Energy Resources; Cindy Ballard, Utility Service 

Company; Jack Coburn, Celanese Corporation; Mary Ann Coursey, 

Houston Lighting and Power Company; Edward Derry, SUNOCO; 

Lance DePlant, Texas Industrial Conunission; Laura R. Doll, 

Utility Service Company; Al Erwin, Conunissioner, Texas 

Public Utility Conunission; Gary Goble, Texas Public Utility 

Conunission; John Gordon, Texas Energy Advisory Council; 

Glen Griffin, Texas Railroad Conunission; Curtis Hartney, 

Brown and Root Construction Company; Sam Hunter, Southwestern 

Public Service Company; Paul E. Hine, Celanese CofpOration; 

Worth Kilcrease, Texas Public Utility Commission; J. D. Leitch, 

Mobil Oil Corporation; J. T. McMahon, Celanese Corporation; 

E. B. Miles, Mobil Oil Corporation; John Morgan, Champion 

Paper Company; W. R. Nelson, Reynolds Metals Company; E. K. 

O'Gorman, Petro-Tex Chemical Corporation; William Sattler, 

Rust Engineering Company; Philip Schmidt, The University of 

Texas at Austin; Mark Siedel, Pennsylvania Public Service 

Commission; Paul Smolen, Texas Public Utility Conunission; 

D. E. Treat, Shell Oil Company; Ted Waldrop, Texas Industrial 

Conunission; Malcolm Williams, Gulf States Utilities Company; 

and Milton Williams, Energy Engineering Associates. 

David M. Welborn 
Cogeneration Project Director 
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PART I 

INTRODUCTION 





Cogeneration is the production, together, of electrical 

or mechanical power and thermal energy in the form of steam 

for use in industrial processes or for other purposes such as 

home heating. The essence of the cogeneration idea, and 

its attractiveness, is to attain greater thermodynamic 

efficiency. Greater efficiency comes in part through mini

mizing losses of energy in the form of waste heat. In indus

trial context, efficiency is also increased because steam or 

gases for the production of electricity must be at higher 

temperatures than is required for industrial process steam. 

The higher the temperature at which fuel is used, the greater 

the amount of energy produced. 

There are numerous examples of cogeneration around the 

world -- for example, industrial plants which produce elec

tricity for their own use or for sale along with steam for 

use in industrial processes, and electric utilities making 

by-product steam available for industrial and other purposes. 

Cogeneration has come to be viewed in recent years as a 

promising means for energy conservation and has to be taken into 

account in the formulation of energy policy. 

This paper is intended to provide information and analysis 

for use by the Texas Public Utility Commission in consideration 

of questions about cogeneration, its place in Texas' energy 

future, and its treatment in state energy policy. In the 

preparation of the paper, project participants conducted an 

extensive examination of the literature on cogeneration. This 

research was supplemented by site visits to several industrial 

plants with cogeneration operations and by a conference on 

cogeneration organized by the participants and attended by 

industry, utility and government representatives. 

The fist parts of the paper provide a general overview 

of cogeneration in its basic aspects. Part II contains a 

description of cogeneration practices and assesses reasons 

for renewed interest in the technology. Part III gives a 
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basic introduction to cogeneration in technical terms. Policy 
questions are dealt with explicitly beginning with ~art IV. 
Various factors are explored -- technological, economic, 
regulatory, environmental and institutional -- which affect 
the expah•ion of cogeneration efforts and to which policies 
and programs of encouragement must attend. Part V examines 
various policy alternatives in regard to cogeneration which 
may be applied at the state level. The paper ends with a 
selected but extensive annotated bibliography of items 
on cogeneration. 



PART II 

THE PRACTICE OF COGENERATION 





Cogeneration is an old and familiar idea. It is 

employed extensively in Europe. One important variant is 

in the use of thermal energy produced in conjunction with 

the generation of electricity for space heating. Typically, 

power plants are linked with buildings in a surrounding 

district by facilities which transport either steam or hot 

water. In Denmark, for example, thirty percent of all 
1homes are heated in this manner. 

Practices of this type are not unknown in the United 

States but have never been of major significance. A part 

of contemporary interest in cogeneration concerns better 

utilization of reject heat from power stations for purposes 

such as district heating and aquaculture. Although there 

are possibilities for energy conservation using these means, 
2they are not treated in this paper. Instead, concentra

tion is on cogeneration possibilities which tie together the 
3production of electricity and steam for industrial processes. 

3 
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ARRANGEMENTS 

There are several types of arrangements in which 

electricity and process steam may be cogenerated. In the 

major type, the most conunon in Europe and the United States, 

cogeneration is by a manufacturing enterprise which owns 

and operates the entire system. Along with process steam, 

electricity is produced for use in the plant, and any surplus 

may be exported to electric utilities for distribution 

elsewhere. 

The production of electricity for private use is not 

at all unusual in this country or in Europe. Resource 

Planning Associates estimate that in six major industries 

food, textiles, pulp and paper, chemicals, petroleum 

refining, and steel -- 31.37 billion Kwh of electricity 
4-verecogenerated in 1976. Some but not a great deal of 

this total was sold as surplus. 

Industrially generated electricity supplements to 

public supply are more important in Europe, reflecting an 

intimate historic relationship between industries and 

utilities. Sweden's extensive paper manufacturing establish
5ment has been a major source of electric power. In West 

Germany, where cogeneration in its various forms is highly 

developed, it is estimated that approximately 29 percent 

of total production is cogenerated by industry. A consider

able portion is sold to residential and other users through 
6municipal distribution systems. 

In a second arrangement there is utility ownership 

and control of a cogeneration system located at the indus

trial site. Electricity and process steam are sold to the 

industry and any surplus electricity is fed into the 

utility's grid. A related form involves utility ownership 

and control of the electrical portion of the system, leaving 

to the industry that part exclusively concerned with process 
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steam. The Southwestern Public Service Company - Celanese 

Corporation operation in Gray County, Texas is an example. 

Celanese provides the steam boiler and the coal for firing 

it. Southwestern provides the turbine electricity gQnerator. 

After the steam is used to power the turbine, it is used in 

plant manufacturing processes. 

In these arrangements, cogeneration activity is located 

at the industrial site. It also may be placed at a central 

utility owned and operated generating station which provides 

steam to nearby industry. A Gulf States Utility facility 

in North Baton Rouge, Louisiana, for example, has produced 

electricity and provided steam to several industrial plants 

for more than 40 years. Another example is the Linden Station 

of Public Service Electric and Gas Company of New Jersey, 

which sells one to two million pounds of steam per hour to a 

neighboring Exxon refinery. 

A final type of arrangement to be noted may be desig

nated as "third" party cogeneration. A cogeneration organi

zation, distinct from either utility or industry, provides 

electricity or steam for its production to a utility and 

process steam to industry. The enterprise may be owned and 

operated independently, it may be a utility subsidiary, or 

it may be a joint venture of industry or industr~r and utility. 

This approach has not been used to any extent, but it 

is discussed in increasingly favorable terms, especially for 

areas where there is large concentration of industry. Union 

Carbide, Amoco and Monsanto have formed the CAM Company as 

a joint venture. Under consideration are plans for CAM to 

construct and operate a coal-fired cogeneration plant in the 

Texas City area. Process steam would be supplied to plants 

of the three companies, and steam for producing electricity 

would be sold to Community Public Service Company. The Houaton 

Lighting and Power Company and several industries in its 

service area are considering embarking on a similar course. 
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MAGNITUDE 

Although cogeneration is an established idea, has been 

widely employed, and is of considerable contemporary interest, 

it has declined in importance in the United States over the 

last several decades. Around the turn of the century sub

stantial numbers of industries produced electric power for 

their own use, and some for sale, in conjunction with the 

production of steam for manufacturing processes. By 1950, 

only seventeen percent of this country's electricity was 

cogenerated. Estimates are that by 1974 the figure had fallen 
7to around four percent. Some industries continue to produce 

electricity or to use power in mechanical form along with 

process steam. Some utilities supply by-product steam from 

electrical generation to industry. And there are some facili

ties operated for the most part by public institutions which 

make electricity and steam for heating and cooling purposes 

concurrently. In essence, however, two separate gigantic 

systems have developed. One uses energy to produce electri

city. The other uses energy to produce steam for industrial 

processes. Together they consume over one-half of all the 
8coal, gas and oil used in the United States. In both systems 

there is substantial loss in energy efficiency. The produc

tion of electricity in a typical generating station results 

in heat that is simply dissipated, but which technically 

could be put to further use in the form of process steam. 

The production of process steam in many industrial plants 

similarly creates ~xcess heat which could be used as steam 

to power an electricity-producing turbine. 

Dual systems have developed for a number of reasons 

which subsequent parts of the analysis will discuss. But 

the most important ones have to do with energy economics. 

Over the last few decades industries have enjoyed inexpensive 

electricity as a result of the relatively low cost of fuel, 
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the achievement of economies of scale in power production, 

and the promotional pricing policies of utilities. In the 

design of industrial processes, it has made more economic 

sense for industries to be concerned only with manufacture 

of the steam they require and to purchase cheap electricity. 

Greater returns on investment could be realized by following 

this route instead of investing additional monies so that 

electricity could be produced. 

Consequently, industries came to rely on low cost oil 

or gas fired package boilers for process steam. These 

boilers are not adapted easily if at all to power generation 

and are marked by low fuel and operating efficiencies. They 

consume most of the energy employed in the production of 

process steam, which in turn requires about seventeen percent 

of the primary fuel used in the country. 

On the utility side, large central power facilities 

increasingly came to be built away from industrial complexes, 

thereby making impractical the provision of steam for indus

trial processes. Furthermore, the economic ease with which 

industries could produce their own steam (in addition to 

other factors) provided no incentive for them to locate close 

to generating stations so that steam could be purchased. 

INCREASING INTEREST 

At present, industrial cogeneration is practiced in 

quite limited fashion in the United States, whether in the 

form of industrial production of electricity in association 

with that of process steam, or the supply of steam to industry 

by utilities. Interest in it is growing, however, in govern

mental, industrial and utility circles. Several major studies 

have been conducted in recent years. Numerous conferences 

have been held on the topic. Cogeneration received special 

emphasis in the recently enacted national energy legislation. 



8 

Interest in cogeneration has been renewed for several 

reasons. The increased costs of fuels and concern for 

conserving energy supplies have been the most important. 

Furthermore, the prospect of extensive conversion to coal 

in both industry and electricity generation is seen to pre

sent opportunities for the design of more efficient systems. 

Cogeneration in whatever configuration makes use of 

energy that otherwise would be lost. Robert H. Williams 

explains how cogeneration can produce energy and cost 

savings. 

Large fuels savings would be possible because 
most industrial steam is generated via the direct 
combustion of fossil fuels and is used in industrial 
processes requiring low temperature heat. This is 
an inherent wasteful arrangement because the high 
quality energy available at the high temperature of 
combustion is not effectively u~ilized: typical 
process steam heating applications call for tempera
tures less than 400° F, while flame temperatures can 
exceed 3000° F. Substantial fuel savings can be 
achieved if the high quality, high temperature energy 
available from combustion is first used to make elec
tricity in a heat engine, with the "waste heat" from 
this device recovered for low temperature process 
steam applications. One measure of the fuel savings 
arising from cogeneration is that the fuel required 
to produce the electricity, beyond that which would 
be required for process steam production alone, is 
only about half of that required at a conventional 
central station plant.9 

Williams points to additional advantages. Cogeneration 

systems often result in capital savings and lower electricity 

costs to industrial customers. They require little cooling 

water in comparison with standard electrical steam generating 

plants and thus do not present thermal pollution problems. 

Further, they add flexibility to the electric power generation 
10system. 

These views, in general, have been supported by several 

recent analytical enterprises of substantial weight. The 

studies differ somewhat in their approach to questions about 
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cogeneration, lines of analysis, and precise conclusions. 

Nevertheless, they all point optimistically to the possible 

national gains which may be attained through increased 
11cogeneration. The suggested magnitude of energy savings 

which might be realized by using industrial steam 

technically and economically suited to cogeneration vary 

with the assumptions and time periods employed in the studies. 

Whatever the precise differences, the assertion that co

generation could save from several hundred thousand to over 

a million barrels per day oil equivalent (BDOE) indicate 

that it deserves serious consideration. 

It should be emphasized also that the industries where 

cogeneration holds the most promise are paper, petrochemicals, 

petroleum refining, and metals processing. These, of course, 

are of major importance in Texas. They account for a large 

portion of the energy consumed in the state and thus make 

cogeneration especially interesting in Texas. 

Proposals which are quite attractive in aggregate terms, 

of course, do not always appear to be unblemished in their 

application to particular circumstances. Nor is general 

attractiveness necessarily associated with ease of imple

mentation. The fact of the matter is that there are sub

stantial impediments to large-scale increases in cogeneration 

activity. After a brief review of some basic aspects of 

cogeneration technology, these impediments will be examined 

to provide a foundation for further consideration of the 

prospects for cogeneration in public policy perspective. 





PART III 

TECHNOLOGICAL OVERVIEW* 

*Prepared by Carol S. Tornbari 





Cogeneration technology utilizes the waste heat from 

electrical generation to provide steam for industrial use, 

or the waste heat from the production of steam for industrial 

use to make electricity. In either case, the thermodynamic 
1efficiency of the fuel use may be increased substantially. 

Most industrial uses are for steam at pressures of 

two hundred pounds per square inch (psi) or less, correspond

ing to steam temperatures of less than 400° F. When such low 

temperature steam is produced, high quality energy poten

tially available at higher steam temperatures is 

wasted. One cogeneration mode, therefore, heats steam to 

temperatures high enough to generate electricity and then 

uses the lower quality energy exhausted from that process 

for industrial use. This is called a topping cycle, because 

electricity is generated at the top, or front end, of the 

sequence. A utility can employ a similar topping configura

tion, generating electricity as it would normally and export

ing the steam exhaust for industrial use. The alternative 

cogeneration mode is the bottoming cycle, in which electricity 

is generated from steam rejected as waste from an industrial 

process. The two modes are illustrated in the diagram appear

ina below. 

TOPPING I FRONT-END-1, ',---.' '', ________ELECT~~CITY_-? __ --- /~-- ELE:~RICITY--;;..-

l ICONVERSION - - - - - I PLANT 
SYSTEM 

ELECTRICITY ~-i----- BOTTOMING/ BACK-END 

---A:::~T, ---
FUEL ~ BOILER 

FRONT END TOPPING 
~.,.............._ COGENERATION 

ELECTRICITY~ 

CONVERSio:{'  -

SYSTEM 
BACK END / BOTTOMING 

~...+;COGENERATION 

Source: Battles, D. "Cogeneration ..." Building Systems Design . April-May 1978. p. 18. 

10 
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Topping cycles are the mode conunonly proposed for 

industrial cogeneration. This is due to the fact that the 

electricity generation requires higher quality energy and 

hotter temperatures than are likely to result as waste from 

an industrial process. Moreover, the corrosive and abrasive 

nature of the waste gases in some industries could ruin 

electrical generating equipment in a bottoming cycle. 

Four systems are commercially available for topping 

cycle cogeneration: steam turbine, gas turbine-waste heat 

boiler, combined cycle, and diesel engine. Following is a 

description of each. 2 

STEAM TURBINE SYSTEMS 

The basic process employing steam turbines and that 

generally referred to as the Rankine Cycle is as follows: 

1. Fuel is burned to raise steam in a high-pressure 

boiler (typically @ 850-1450 psig*). 

2. The high-pressure steam drives a turbine, 

generating electricity. 

3. Low-pressure steam is exhausted from the turbine 

at a temperature and pressure appropriate for the 

industrial process (typically in the range of 

50-300 psig) . 

There are two kinds of steam turbine, back-pressure and 

extraction. The back-pressure steam turbine differs from 

conventional steam turbine generation in that in the latter, 

steam is exhausted from a turbine into a condenser at very 

low temperature and pressure (about 100° F and 1 psia**), 

and the waste heat of condensation is vented to the atmosphere. 

* psig - pounds per square inch, gauge pressure
** psia - pounds per square inch, absolute pressure (psig + 14.7) 



12 

This waste heat is not of high enough quality for industrial 

use. A back-pressure turbine, however, produces useful waste 

heat as well as electricity by expelling higher pressure steam. 

A configuration of this type is illustrated below. 

PROCESS 
STEAM 

GENERATOR 

ELECTRIC 
POWERSTEAM 

FUEL-----~• 
BOILER 

An extraction turbine works in a similar manner, except 

that steam is extracted at different temperatures and pressures 

at intermediate stages from within the turbine for use as 

process steam. Extraction turbines generally are used in 

utility cogeneration plants, because they produce a higher 

proportion of electrical output relative to steam. Industrial 

coqeneration plants typically employ the back-pressure variant, 

to obtain the greater steam output and to avoid the need for 

a condenser. 

The advantages of steam turbine systems are: 

1. They are less expensive than gas turbine systems. 

2. They can use alternate fuels such as coal or 

organic wastes. 
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3. The electrical conversion cycle is more efficient. 

Additional fuel needed to generate electricity, 

beyond what is needed for process steam corresponds 

to a conversion eff ici~nc~ o~ 75 percent (4500 Btu/ 

kwh), compared to 62 percent for gas turbine systems. 

Thus, at present prices a given dollar amount of coal 

could produce considerably more electricity in a steam 

turbine cogeneration unit th.an the same dollar amount 

of oil in a gas turbine unit at a central 

station power plant. 3-· 

4. Production costs are minimized by the availability of 

steam turbine systems in large sizes, by their relia

bility, and by their ease of maintenance. 

5. Steam turbine systems can produce steam at a wide 

variety of pressures. This advantage is most pro

nounced in the extraction turbine variant. 

Their disadvantages are: 

1. Steam turbine systems produce less electrical output 

than do conventional single-purpose units. Only 

10-15 percent of the fuel consumed by steam co

generation units is converted to electricity; 

30-40 percent is converted in conventional systems. 

(This disadvantage is overcome in gas turbine and 

diesel technologies, where rejected heat is hot 

enough for a wider variety of industrial process 

operations.) 

2. Steam topping cycles are among the more expensive 

configurations to install. Steam turbine systems 

are not well suited for installations smaller than 

one megawatt. They are most appropriate for large

scale utility or industrial plants, or for joint 

utility-industrial parks. 
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GAS TURBINE-WASTE HEAT BOILER SYSTEMS 

The basic process in these systems is as follows: 

1. Fuel is burned with pressurized air to produce hot 

combustion gases. 

2. The hot gases drive a gas turbine, generating 

electricity. 

3. Hot exhaust gases from the turbine (600-1100° F) 

can be used to raise steam in a waste heat boiler. 

4. If the industrial process requires relatively high

pressure steam, it can be supplied directly. If 

low-pressure steam (e.q., 50 psig) is needed, the 

waste heat boiler can be fitted with a back-pressure 

steam turbine to first produce additional electricity. 

(This is combined cycle cogeneration and will be 

discussed later.) 

It may be depicted as : 

PROCESS 
STEAM 

WASTE HEAT 
BOILER 

~XHAUST
~~ASES 

GENERATOR 

1-----~ ELECTRIC 
POWER 



15 

The gas turbine topping cycle is a well-established and 

highly reliable configuration; in fact, it is regarded as 

the most promising for cogeneration. It has a higher electri

city-to-steam production ratio than most other systems described 

here, and it has been installed by utilities and by industrial 

and institutional users. Among its major advantages are: 

1. Lead times for building and installing the equipment 

are relatively short. 

2. The effective conversion efficiency is 62 percent, 

compared to 33 percent in typical central station 

power plant operations. (This is less than the 

efficiency obtained in steam turbine systems, however.) 

3. The capital cost is low. 

Its disadvantages include: 

1. Gas turbine systems use natural gas or petroleum

based fuels, the future availability of which is 

uncertain. Although advanced coal technologies such 

as gasification and fluidized bed combustion might 

be developed for use in the coming decade, it will be 

longer before these alternatives are economically 

attractive. 

2. A gas turbine system can tolerate only low level 

fuel impurities (such as vanadium, sodium, and other 

metallic impurities). It can burn heavy residual 

and crude oils if the metals are removed, but natural 

gas and higher distillate oils are preferred. 

COMBINED CYCLE SYSTEMS 

Combined cycle systems are variations on the gas turbine 

topping cycle. In both combined and gas turbine cycles, a gas 

turbine drives a generator to produce electricity, and the 
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exhaust is used to make steam. However, in combined cycle 

cogeneration, steam from the waste heat boiler is used to 

drive a bottoming steam turbine, the exhaust from which 

supplies the industry's process steam. This cycle thus 

provides more electrical power, although the energy content 

of the process is lowered. Combined cycle cogeneration, 

therefore, is well suited to applications where relatively 

less process heat than electricity is needed. It does not 

yield additional energy savings beyond that gained in other 

cogeneration systems. 

It may be described as follows: 

FUEL 

~ 
GE~ERATOR t------t1• ELECTRICITY 

1000° F 
FLUE GAS ---~ 

HEAT 
RECOVERY 
BOILER 

HIGH 
PRESS URE 
STEAM 

STEAM I GENERATOR I ..... 
T UR BI;\! E I________ ,., 

- ELECTRICITY 

'----------~•LOW PRESSURE 
~PROCESS STEAM 

The ma]or advantage of the combined cycle system is its 

reliability, proved through extensive use over several years. 

Its major disadvantage is that it is dependent on oil or gas 

as fuels. 



17 

DIESEL ENGINE SYSTEMS 

Diesel systems operate similarly to gas turbine systems, 

except they use a diesel engine to drive the generator and to 

provide heat to a waste heat boiler. Like gas turbines, diesel 

engines discharge exhaust gases at high temperatures (600-800° F), 

while converting 35-40 percent of the fuel consumed to elec

tricity. Waste heat can be recovered from the low temperature 

(about 250° F) cooling water jacket of the diesel or from high 

temperature (700° F) exhaust gases. This technology has received 

less attention than gas and steam turbines for industrial co

generation application, but it is well suited for small capacity 

systems and constitutes a cogeneration option for small industries. 

Among the major advantages of systems of this type are: 

1. They have a higher electricity-to-steam ratio than 

steam and gas systems. 

2. Diesels have a very high rate of power production in 

comparison to gas and steam turbines. Diesel engines 

produce about 400 kw(e) per million Btu per hour of 

steam, compared to 200 kw(e) produced by gas turbines 

and 50 kw(e) by steam turbines. This is because in 

diesels, a high proportion of the fuel (30-40 percent) 

is converted to electricity (compared to 20-30 percent 

in gas turbines), and much of the waste heat from 

diesel systems is too low in temperature for recovery. 

The disadvantages of diesel systems are substantial. 

1. They require more fuel (beyond what is needed for steam 

production) to generate electricity than other techno

logies (6000-7000 Btu per kw hour, compared to 5500 in 

gas turbine systems and 4500 in steam turbines). 

2. Capital costs tend to be greater than for steam and gas 

turbines, except at the smaller capacities for which 

diesel engines are particularly well suited. 
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3. Nitrogen oxide, carbon monoxide, and hydrocarbon 

emissions are greater for diesel engines than for 

central station power plants with current technology. 

4. Natural gas and high oil distillates are the most 

conunon diesel fuels, although diesel engines now are 

being designed to use low grade residuals. 

S. The effective size of a diesel topping cycle limits 

it to applications in the lower range of power and 

steam requirements (1000 kw power requirements, 

corresponding to 3000 pounds per hour of steam, 

ranging up to 30 MW) . 

6. A substantial fraction of the rejected heat is at 

temperatures too low for practical heat recovery. 

BOTTOMING CYCLES 

There are two major bottoming cycle approaches to be 

characterized. In the first, the steam bottoming cycle, 

waste steam exhausted from an industrial process is used to 

generate electricity, as described earlier. A major advantage 

is that this is a means of producing electricity without 

increasing air pollution at the site. However, bottoming 

cycles require excess heat, which is not common in industrial 

processes. Also, waste gases emitted in some industries are 

abrasive and corrosive, damaging to generating equipment. 

The second is the organic bottoming cycle. Like the 

steam bottoming cycle, it uses waste heat to generate elec

tricity. However, the organic cycle uses an organic liquid 

with a low boiling point instead of steam. Thus, it can use 

moderate to low temperature cycles which could not be used 

in a steam bottoming cycle. This cycle could increase the 

efficiency of the other cycles, especially the diesel topping 
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cycle, where much of the heat is rejected at low temperatures. 

The present utility of the technology is limited, because it 

is new and not fully proved. Furthermore, it is the most 

expensive of the systems to install. Its use probably will 

depend largely on the availability and cost of fuel. 



PART IV 

FACTORS AFFECTING INCREASED 

INDUSTRIAL COGENERATION 
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INTRODUCTION 

There are strong arguments to be made that increased 

application of cogeneration technology, especially in industry, 

would result in greater efficiency in energy utilization. 

Contemporary energy and economic dilemmas would thus be eased. 

It is clear, however, that even if the most optimistic 

projections were valid and if cogeneration were employed to 

the maximum, it would not be a panacea. Energy problems 

would remain. Furthermore, there are limits to its applica

bility. Some are to be found in the technology itself, in 

the characteristics of industry, and in the economics of 

industrial and utility operations. Others are set in govern

mental activities, especially those involving public utility 

and environmental regulation. Technical, economic and 

regulatory factors condition the use of cogeneration and 

help shape the attitudes of industries and utilities toward it. 

The following sections identify and discuss the major 

factors which are seen to bear on attaining expanded co

generation. Emphasis will be placed on impediments, espe

cially those which might be addressed through governmental 

action. 

A. TECHNOLOGIClili · FACTORS* 

Cogeneration is an established technology. Therefore, 

there are no technological barriers, in the sense of funda

mental obstacles, which impede the development of cogeneration 

potential. Current technology would permit 21 percent of the 
1nation's total electric needs to be cogenerated. 

Although the basic infrastructure to support industrial 

cogeneration already is in place, there are technological con

siderations which make the cogeneration option less than 

attractive in certain cases. Some of these pertain to 

*Prepared by Carol Tombari 
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situations in individual plants; others relate to the body 

of cogeneration technology and point up the need for further 

research and development. Technical factors which affect 

the decision of whether or not to cogenerate will be described 

first. Then the larger technological constraints which require 

further research and development will be discussed. 

Situational Constraints 

The major technical constraints of a situational charac

ter concern the compatibility of industrial process needs and 

requisites for the generation of electricity. Obviously an 

industrial plant must employ process steam to have cogenera

tion potential. But not all plants employing process steam 

are suitable for cogeneration. The character of steam load 

and demand at an industrial plant is of particular signif i

cance. The steam load must be sufficient to support a co

generation unit. There is disagreement regarding the minimum 

steam load required to achieve the economies of scale necessary 

to justify by-product power generation. One source cited 

50,000-100,000 pounds per hour as the minimum; 2 another 
3specified 400,000 pounds per hour. Dual purpose power plants 

require steam loads at a single location of at least one 
4million pounds per hour. Also, large fluctuations in the 

need for process steam make cogeneration undesirable. This 

occurs in large-scale batch processing operations, such as in 

the food and textile industries. Fluctuations obviously 

complicate cogeneration operations and lessen efficiency. 

A closely related problem is mismatch between steam 

and electric loads. According to one source, this is a most 

significant operational problem limiting cogeneration poten

tial. 5 Even if the steam load of an industry is fairly 

constant, it may fail to meet demand fluctuations of an 



22 

electric utility, if surplus power is to be disposed of in 

that manner. Conversely, in the case of a utility supplying 

steam for industrial processes, if too much steam is generated, 

it must be sold at prices too low to make cogeneration finan

cially rewarding. The failure of supply and demand require

ments to mesh can be a major impediment to cogeneration 

efforts. 

Another important factor is that the source of waste 

heat may be unsuitable for cogeneration. ~ccording to one 

study, "Many, if not most, of the boilers presently used 

in industry only for steam generation are unsuitable for by

product power generation. New installations will be required ..•• 116 

The reason lies in the prevalence throughout industry of package 

boilers. Mass produced, they are small in size and light in 

weight for convenient shipping. The majority of package boilers 

are made of materials which cannot withstand the high tempera

tures (700-800° F) and pressure necessary for by-product power 

generation. They are constructed in such a way as to make 
7

physical adaptation impracticable, if not impossible. 

In some industries, steam which might otherwise be 

available for cogeneration of electricity is instead used to 

drive mechanical auxiliaries which are an integral part of 

operations and processes. Steel is a prime example. Replace

ment of mechanical auxiliaries with motors would be costly 

and would not necessarily save energy. 

All in all, situational constraints such as these signi

ficantly limit the potential for cogeneration. 

Avenues for Research and Development 

The state of the cogeneration art is such that extensive 

application is now feasible. However, one school of thought 

holds that with enough research, technology capable of quadrup

ling the benefits of existing cogeneration techniques can 
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8arrive in three to seven years. There is disagreement on this 

point, although it may be more in emphasis than substance. A 

spokesman for Thermo Electron Corporation, a major supplier of 

cogeneration and heat recovery systems, maintains there will 

be no major technological advances in cogeneration equipment 

in the foreseeable future. A "major" advance, says Thermo

Electron, would be the development of a gas turbine that can 
9burn residual fuel oil. 

This statement reflects a common sentiment expressed in 

the cogeneration literature that the gas turbine topping cycle 

possesses the most potential for cogeneration. However, the 

dependence of this system on natural gas and higher distillates 

as boiler fuels constitutes a severe limitation, given the 

uncertain future supply of these fuels and the present emphasis 

on coal conversion. Work is being done on fuels that can be 

delivered to the engine as liquids or slurries (pulverized 

coal combined with oil). A longer-range goal is to develop 

engines that can handle finely pulverized solids as fuels, 

but this is seven to ten years away. 

Research and development in coal gasification and fluid

ized bed combustion continue. Much effort and money have 

gone into coal gasification, but at least one source states 

that fluidized bed combustion is the most promising technology. 10 

Other heat engines, such as Stirling and Ericson cycles, may be 

investigated for future application in coal-fired cogeneration 

systems. The fact that these engines are externally fired 

permits them the advantage of fuel flexibility; they can be 

powered by coal or sunshine. 

This is not to assert that the use of coal in cogeneration 

syste.ms is impossible with current technology. The steam turbine 

topping cycle can utilize coal-fired boilers; however, the 

fuel savings potential is modest with this technology. For 

cogeneration to yield substantial national fuel savings, 

technology with a high ratio of electricity to steam production 
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is required. This would necessitate the use of gas turbine, 

combined cycle, or diesel systems, none of which can burn 

solids. 

Pending the development of advanced coal technologies, 

the back-pressure steam turbine topping cycle can be used with 

coal-fired boilers. Factors related to burning coal as a 

boiler fuel may act as barriers to the realization of co

generation potential, however. Mostly these relate to the 

requirements for additional space, both inside and outside 

the plant, and the capital requirements for additional equip

ment necessary to the use of coal. 

Boilers cannot be retrofitted to burn coal; a new 

boiler must be purchased. Moreover, different grades of coal 

cannot be burned in the same boiler; thus, coal quality must 

be monitored closely. 

Coal-related equipment is bulky, and numerous appliances 

are required. For example, conveyor belts must be installed 

to carry the coal into the plant from its storage pile. Then 

it must be ground in a pulverizer before it can be burned. 

Coal-fired boilers themselves are larger than their oil-fired 

counterparts. Pollution abatement equipment is required, 

due to the sulfur dioxide and particulate emmissions of 

burning coal. The array of equipment can include high stacks, 

scrubbers, electrostatic precipitators, and baghouses. Fly 

ash, the residue from burning coal, must be collected and 

disposed. 

Outside a large plant, a minimum of two hundred acres 

may be required to provide adequate space for railroad track 

loops bearing unit coal trains, coal storage piles, and the 

heavy equipment to "manage" the coal piles. (Full-time 

employees are necessary to man the equipment and "work" the 

coal piles. The coal must be tightly compressed at all times 

to avoid spontaneous combustion.) Lignite must be stored in 

"live" and "dead" piles. Especially in Texas, where natural 



25 

gas has been the primary fuel for the past fifty years and 

where lignite may be the most economical coal to use, the 

logistics of coal burning are tremendous. 

Thus, the problem of fuel flexibility is a foremost 

technological constraint which may inhibit the realization 

of cogeneration potential in the future. The difficulty and 

expense of burning coal with current technology will constrain 

industries lacking the space to accommodate the required 

equipment and the capital to purchase it. The lack of advanced 

coal technologies as an economic alternative will prevent the 

use of more efficient, less bulky systems. 

Another technological constraint which might be eased 

with further research and development is the requirement that 

cogeneration facilities be located within five miles of 

industry. This criterion stems from the fact that steam loses 

temperature and pressure in the line when transported further, 

thus making it less cost effective, and threatening the energy 

advantage gained through cogeneration. Further research into 

materials and insulation development might ease this constraint. 

Finally, further research and development might make 

bottoming cycles a more attractive cogeneration option. The 

corrosive nature of waste gases in some industries points up 

the need for special boiler design and development of resistant 

materials which can withstand the effects of these gases. 

(Whether or not a bottoming cycle is the most efficient use of 
11waste gases is disputed; further research might clarify 

whether or not the conservation benefits o~tweigh the efficiency 

costs.) More development of organic bottoming cycles, in parti

cular, can be expected. It has been speculated that up to 30 

percent more electricity can h= generated from waste heat through 
12this technology. Biomass conversion likewise is a research 

topic which might impinge on future cogeneration technology. 

Forty-three percent of the nation's industrial steam 

load is generated in amounts of 400,000 pounds per hour or more 
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at single locations. If all of this were utilized for by

product power generation, about 33,300 MW of power would be 
13available by 1985, according to the Dow study. The tech

nology necessary to do this is commercially available today, 

but coal conversion will pose technical problems. Further 

research and development will alleviate these stresses, as 

well as advance the state of the art in general. 

Summary and Conclusions 

Gas turbine and diesel technologies are thermodynamically 

superior to the steam (Rankine) cycle for cogeneration appli

cations and would provide considerable electricity for export 

from industrial sites. However, the thermodynamic efficiency 

of steam turbines is very good for single purpose power 

. generation. Therefore, in efficient fossil fuel-burning central 

station power plants, potential gains in thermodynamic effi

ciency due to cogeneration would not be impressive. This is 

one reason why industrial plants rather than utilities are pre

ferred sites for cogeneration in the view of some analysts. 14 

A common disadvantage shared by many systems is their 

near-term dependence on oil or gas as a boiler fuel. Coal 

conversion is encouraged both by national energy policy and 

by the Texas Railroad Commission's Docket 600. However, 

conversion is costly; a new boiler must be purchased, along 

with additional coal-related equipment. Future research and 

development may make the utilization of coal a more attractive 

option in cogeneration. 



B. ECONOMIC FACTORS* 

The degree to which cogeneration makes economic sense, 

of course, is of fundamental significance in determining the 

future magnitude of its use by utilities and industries. The 

economics of cogeneration are quite complex. Several elements 

must be taken into account in judging the worth of any proposed 

facility. They are, according to Robert H. Williams: (1) the 

size of the facility; (2) the character of industrial steam 

demand, especially its variability; (3) whether new boilers 

and related equipment are required; (4) the cost of electri

city from utilities under normal arrangements; (5) the parti

cular cogeneration technology selected; (6) anticipated fuel 

costs; (7) pollution control costs; and (8) operation and 
. t 1main enance costs. 

In the remainder of this section, discussion will center 
' 

on some of the major circumstances in which cogeneration may 

be unattractive to utilities and especially to industry. 

Before that, however, brief attention needs to be given to two 

basic aspects of the economics of cogeneration: the impli

cation of cogeneration for capital requirements generally and 

for electricity production, and the significance of return

on-investment requirements in industrial participation. 

Capital and the Effe_cts of Return-on-Investment Criteria · 

Capital acquisition for necessary expansion of capacity, 

most of which must come from borrowing and equity financing 

has become a problem for many electric utilities. Inflation, 

delays, and environmental control requirements have raised 

construction costs and, along with these, capital requirements. 

Investment in utilities has become less attractive as their 

*Prepared by Robert Downes and Scott Mann 
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rates often have not kept pace with rising operating costs. 

As a result, many utilities have found it increasingly 

difficult to compete for capital. Effects on the capital 

requirements for meeting future needs for electrical genera

ting capacity and the ability of utilities to secure necessary 

capital are of major importance in considering the attractive

ness of cogeneration. 

The Dow study contains the most thorough analysis and 

discussion of the issue. One important conclusion was that 

utility-financed central power stations with cogeneration 

capacity do not provide significant overall capital savings 

or lessen utility capital requirements. 2 Industrial involve

ment leads to different results. 

The analysis was restricted to new facilities which 

might be constructed between 1976 and 1985 to meet projected 

increased demand for electricity and process steam. It was 

assumed for purposes of analysis that all cogeneration 

potential which met specified volume and investment criteria 

would be exploited. Several calculations were made. The 

cases on which they were based were: (1) industrial genera

tion for its own use; (2) industrial generation for its own 

use plus the sale of surplus electricity to utilities; (3) 

industry-utility joint ventures in central power stations; 

and (4) a combination of the first and third arrangements. 

Substantial reductions in overall capital requirements 

were found in each case for the 1976-85 time period. Further

more, the capital needs of utilities were discovered to be 

lowered in major proportions. The average annual reductions 

for them below that required without cogeneration were $3.5 

billion in the first case, $5.3 billion in the second case, 

$13 billion in the third case, and $11.5 billion in the fourth 
3 case. Lower electric rates and other economic benefits were 

found to result from reductions in capital demand. 
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The importance of industrial investment in cogeneration 

for capital savings introduces a basic economic stumbling 

block. It is that in many circumstances, at least at present, 

cogeneration will not meet industry return-on-investment (ROI) 

criteria. Indeed, as the Thermo Electron study pointed out: 

••• Historically, in-plant generation of electricity 
has been considered by industry ... as an ancillary 
investment requiring higher (emphasis supplied) 
rates of return since it is not normally associated 
with the profitability or expansion of ... its primary 
market. 4 

The various uncertainties and risks associated with cogeneration 
5 are additional reasons for high rate of return requirements. 

Utilities also have return-on-investment concerns, parti

cularly when considering participation in small operations at 

industrial sites. Thermo Electron concludes, however, that 

utilities may expect returns from facilities at industrial 

sites equal to or higher than realized from central power 
. 6stations. 

On the one hand, then, there are substantial reasons 

for concluding that increased cogeneration would have a positive 

effect on capital availability in the economy as a whole and 

on the capital investments of utilities. On the other, economic 

interests as industry sees them may be served best by other 

forms of investment. But as was pointed out in the introduc

tion, a variety of factors come into play when particular 

cogeneration possibilities are under consideration. Some of 

the more important of these will be considered below. 

Some Basic Determinants of Economic Feasibility 

Among the most important economic considerations generally 

affecting cogeneration feasibility are the scale of operation 

and the cost and availability of fuels. 
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Lack of economies of scale will make many technically 

suitable cogeneration sites economically unsuitable. Economies 

of scale generally refer to the size of the installation or its 

major components and to the tendency of unit capital costs to 

decrease as the capacity of a system grows larger. Some other

wise feasible industrial and utility installations are too 

small to make cogeneration economical. This is due partially 

to the technical fact that as a generator increases in size 

(to a certain point) it is more energy efficient, and partially 

to the fact that electrical generating equipment requires 

elaborate monitoring and control equipment that may be quite 

expensive in relation to the return which may be expected 

from a small generating capacity. 

There are differences of opinion about the minimum 

economic size of a cogeneration plant located at an industrial 

site. But it is clear that many industrial sites do not in

volve sufficient process steam to make cogeneration economically 

viable. The Dow study estimated that the minimum requirements 

are about 400,000 pounds per hour of process steam and a 

twenty megawatt electricity production capacity. A plant of 

this type should be viable economically for industry and yield 

about a twenty percent return on investment for cogeneration

required capital. 7 Plants of this size or larger make up about 

forty-three percent of the existing industrial steam instal

lations. 8 They could cogenerate 33,300 megawatts per year of 

electricity by 1985, 9 or 680,000 barrels of oil equivalents a 

day (BPDE).lO 

Dual purpose or central utility cogeneration plants, being 

larger, have greater economies of scale and are more efficient 

than onsite configurations, but they have more limited applica

tion. Central plant cogeneration requires, at one location, 

industrial demand for at least one million pounds of steam per 

hour to have sufficient economies of scale. One reason is that 

such plants need to protect the quality of the boiler feed water. 
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The condensate returned from the industrial steam user, 

especially in coal-fired plants, would not be suitable for 

re-introduction into a high-pressure boiler due to the fear 
11of corrosion unless subject to expensive treatment. Currently 

twenty-three percent of industrial steam load is generated in 

loads of that size or larger. If this amount of steam were 

cogenerated, fuel savings bv 1985 could amount to 535,000 

BPDE according to the Dow study. 12 

Geographical factors have an important bearing on the 

economics of large central station cogeneration. For this 

configuration to be used there must be adequate space, not 

only for the central cogeneration plant, but also for the 

industries that will be supplied with steam. Those industries 

will have to be located within five miles of the steam source. 

Locational problems will be further complicated by the fact 

that most cogeneration plants of this type will use coal as a 

fuel source. Coal requires much space for storage and handling. 

Fuels present other considerations which affect the econo

mics of cogeneration. As has been indicated previously, gas 

and oil are more desirable fuels than coal for many cogenera

tion applications, especially for small-scale systems. In 

addition to equipment cost and efficiency factors, there are 

special logistic and environmental control costs associated 

with coal. Thus, to the extent that qas and oil may be un

available, because of market or regulato~y restraints, and 

prospective industrial cogenerators face reliance on coal, 

the economic attractiveness of cogeneration may be reduced. 

A related factor is present uncertainty regarding future 

availability of certain fuels and national policy about the 

use of fuels. Uncertainty adds to investment risks and thus 

has a discouraging economic effect. 

Although anticipating a later section, it would be 

appropriate to comment on certain implications for national 

fuels policy of cogeneration in Texas and the surrounding 
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region using oil and gas. Given the large concentration of 

chemical plants and petroleum refineries, more electrical 

power than is required by these industries possibly could 

be produced through industrial cogeneration using turbines 

(gas) and diesel topping cycles. The total investment for 

this electricity can cost the nation significantly less than 

central station power. Cogeneration with oil-fired or natural 

gas turbines can be competitive with central power station 

produced electricity with quite small installations. 13 While 

this continued oil and natural gas use runs contrary to 

energy conversion ideas, it would be consistent with the 

national objective of reducing overa11 use of oil, if such 

a policy were tied to a policy of promoting efficient end 

uses of electricity and if the oil used were low-grade and 

unsuitable for high priority applications such as in trans

portation. While burning scarce fuels may not be a good idea 

on the national level, it may make sense in those oil and 

natural gas production areas where a good deal of the United 

States' refinery capacity is situated. Using cogeneration 

methods, overall national fuel savings could be realized. 

Continued use of oil and gas for industrial cogeneration 

would also mean minimizing the costs of environmental controls 

as compared with the use of coal. As in the case of fuels, 

uncertainties regarding future requirements and technological 

reliability of environmental control means have caused some 

managers to -demand a higher return on investment than normal 

for cogeneration investments involving increased environmental 

emissions. 

Additional Factors Affecting Industrial Choice 

Two additional factors have economic significance in 

particular industrial situations. They concern the state of 

existing boiler equipment and the future dynamics of process 
steam demand. 
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In many plants, relatively inexpensive gas and oil-fired 

package boilers producing 10\1 pressure steam have replaced 

larger coal fired boilers. These new boiler types are employed 

only to generate steam for process use and many are unsuitable 

technically for cogeneration modification. Others are econo

mically unsuitable since an excessive amount of capital would 

be required. 14 Because of the financial implications of 

replacement or modification, opportunities for increased 

industrial cogeneration are reduced, leaving new installations 

and circumstances in which the useful life of present equip

ment is ending as the most promising prospects. Mandated con

version to coal requiring the replacement or adaptation of oil 

and gas-fired boilers regardless of the economics would improve 

the attractiveness of cogeneration in many circumstances. Some 

experts argue that the single most important factor enlarging 

cogeneration possibilities is coal conversion. 

A fall or slowing of growth in demand for process steam 

also may decrease the economic attractiveness of cogeneration 

to industry. Most analyses of cogeneration, the Dow and Thermo 

studies, for example, base cogeneration growth potential on the 

assumption of persistent growth of industrial process steam use 

at around four percent a year. Robert H. Williams, on the other 

hand, expects about one-half this rate of growth. 15 The effects 

of steam conservation programs and anticipated process or plant 

shutdowns are foundations of the more conservative estimates. 

Fall in demand may reduce industrial cogeneration potential by 

as much as 460 trillion Btus by 1985. 16 Further, uncertainty 

over process steam demand may impede cogeneration growth in 

other areas. Long-termpurchase contracts, essential for utility 

involvement, might require a commitment longer than would be 

acceptable to the prospective industrial participant. 
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Utility Practices and Circumstances 

Electric utilities, their practices and circumstances, 

are at the heart of the economics of cogeneration, whatever 

the type of arrangement contemplated. 

The economic attractiveness of cogeneration to industr7 

depends fundamentally on the cost of electricity which may be 

obtained through traditional means. Utilities generally sell 

electricity to industry at prices which make industrial substi

tution of self-generated power economically unwarranted. 

Normally electric rate structures are designed to require 

customers to pay for electric service based on the cost of 

providing that service. This allows utilities to charge 

industrial customers less than residential customers. Industrial 

service demand is much more constant over a twenty-four hour 

period and forms a part of the base load. Residential electric 

demand use fluctuates a great deal over a twenty-four hour 

period, and thus is more a part of the peak load. Over

simplifying, the utilities use large, very capital intensive 

base units that run all the time to provide base load. These 

units are very efficient and inexpensive to operate. When 

demand increases beyond the base, utilities turn on smaller 

units to take up the slack. These smaller units, though less 

costly to construct, are generally much more expensive to 

operate. Thus peak load demand causes the utility's operating 

costs to rise. Industries, being part of the base load, are 

charged a lesser price for much of the electricity they consume. 

The fact that the rates charged to utilities and all other 

customers typically reflect historic and average costs rather 

than marginal costs serves to further limit industrial co

generation potential. To switch from utility purchases to 

inplant generation would mean that the high contemporary costs 
17of generation capacity would have to be met fully. 

Other utility practices and policies may tend to diminish 

the economic attractiveness of industrial cogeneration. One 
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frequently cited is high prices charged by utilities for 

· · lB M t 1 . d t . 1backup or demand e 1ectr1c1ty. os arge in us ria co-

generators will not need to buy electricity from utilities 

in the normal course of business. But they will need to have 

backup waiting for those times when their cogeneration facili

ties are not working. Inability to purchase backup would force 

the company to close or cut back when any repairs were needed. 

If there must be access to auxiliary arrangements, the costs 

of those arrangements are a part of the economic equation. 

The high costs involved are often considered to contribute 

to tipping the scales away from cogeneration. 

The extent to which allegations are valid that backup 

charges often exceed the reasonable cost of the service cannot 

be determined here. It is clear, however, that charges must 

be high because the costs of service are high, especially when 

a utility is obligated to supply power at peak load periods. 

Under such circumstances, a utility must own and maintain an 

extra generating reserve which it can expect to use only a 

very small percentage of the time. This little used capacity 

must be reflected in the price of backup arrangements. 

Another element in the association of utilities and 

industrial cogeneration which may have a bearing on the 

economics of cogeneration concerns the sale of surplus electri

city to utilities. Key points are the interest of utilities 

in purchasing electricity and the price they are willing to pay. 

Some studies indicate that many prospective industrial 

cogenerators could not or would not produce enough electricity 

to meet all their own needs. 19 But others suggest that signi

ficant national fuel savings can be achieved in the long run 

through use of cogeneration technology that involves high 
20

electricity to steam production ratios. To take advantage 

of such technology and realize economies of scale in many 

cases would necessitate the export of large quantities of 

electricity. The most plausible means for disposing of this 
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electricity is through sale to utilities. If the price at which 

it may be sold is too low, industrial commitment to cogeneration 

may be discouraged. 

Ordinarily, the highest price a utility is willing to pay 

for industrially generated electricity is equal to the cost of 

the fuel and opera ting expenses required to produce the same 

amount of electricity itself. This is because the utility 

considers such power as "dumped" rather than "firm." The 

utility has imperfect control over its availability. Since 

the utility cannot control availability, it must have additional 

capacity of its own to meet peak demands. If industry wishes 

to overcome this hurdle, it must make contractual commitments, 

so that the utility can rely upon the supply and integrate it 

into its own system. Industry often is reluctant to enter into 

such commitments, for one because of uncertainties about future 

demand and for their products and consequently about their 

production needs. 

In addition to depressing the price that utilities 

will pay for industrially cogenerated electricity, questions 

about reliability in supply may result in reluctance 

to purchase at any price. Even when an industrial firm is wil

ling to make contractual guarantees on power ~vailability, 

utility reservations may persist. There may be doubt about the 

industry's ability to attain a high reliability factor in 

production and to operate complex generating systems effectively. 

Such considerations lead many to the view that utility 

participation in industrial cogeneration as at least partial 

owner and operator would remove barriers to the production and 

use of surplus and thus make industrial cogeneration more 

attractive economically. Furthermore, utility participation 

would add flexibility to those systems. By emphasizing smaller, 

more decentralized cogeneration production sites, utility elec

tric production could be adjusted continually in small increments 
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to meet evolving demand and minimize excess capacity. The 

utilities would not be as dependent as they now are on long 

range forecasts and massive central stations, since new co

generation capacity has a lead time of only one to four years 

compared to the large base-load plant lead time of eight to 

ten years. 

There are other positive aspects to note about utility 

participation. It would avoid any unnecessary costs that might 

result from industry learning how to do large-scale electric 

generation. Utilities could coordinate outages resulting from 

plant shutdowns and normal maintenance, and avoid peak load 

squeezes. Finally, with utility ownership of generators at 

onsite industrial cogeneration projects, a greater steam base 

would be judged suitable for cogeneration, since utilities 

enjoy some special tax advantages and require a lower return on 

capital investment. 

It is clear, then, that the stance of utilities toward 

industrial cogeneration is important, especially for its economic 

attractiveness. One of the basic factors affecting that stance 

is generating capacity in relation to future demand. 

There are indications that in the United States, overall, 

there will be an excess central station generating capacity over 
21the next five to ten years. Most of the new net capacity to 

go on line by 1986 is in largebase-loadplants which are already 

under construction. At the same time, the years of six to seven 

percent average annual growth in demand for electricity appear 

to be over. It is not clear how demand will grow in the future, 

but it will be at a lesser rate, perhaps as low as three and one
22half to four and one-half percent. Excess capacity may well 

persist beyond the mid-1980s as construction schedules are 

stretched out. There may be regional variations, but utility 

interest in cogeneration probably will evolve only slowly in 

most of the country for these reasons. 
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The possibility of excess capacity suggests still 

another problem in the economics of cogeneration. That is 

the effect of major increases in industrial cogeneration 

which withdraws industrial customers on utility load factors 

and resulting implications for the rates paid by those still 

served by utilities. Although the effects are by no means 

certain, the matter should be a major point of concern. 

Surrunary and Conclusions 

From a national perspective, there seem to be strong 

economic justifications for placing substantial emphasis on 

cogeneration in energy policy. The extent to which the 

possible gains that appear when a broad view is taken may be 

realized depends in large part on the economic circumstances 

in which particular utilities and industries may find them

selves. There are a large number of variables whose unique 

effects must be considered carefully in each particular 

situation. 

It would seem unreasonable to expect industry to invest 

in cogeneration if a lower return is to be expected than 

alternatives would provide or the risks would justify. 

Various devices, especially tax incentives, often are sug

gested to make investment more attractive. However, the 

single most important influence regulating industrial parti

cipation probably is simply the price at which electricity may 

be purchased. The answers to questions about future prospects 

for industrial cogeneration, then, are likely to be found in 

the future dynamics of utility prices. 





C. THE SUSCEPTIBILITY OF INDUSTRIAL 

COGENERATION TO REGULATION* 

An unwillingness to be subjected to public utility 

regulation often is cited as a major reason for industrial 

disinterest in cogeneration. 1 This section will explore 

various dimensions of regulation as they may affect co

generation, with major emphasis on delineating the circum

stances in which cogeneration activity would fall within 

the jurisdiction of federal and state regulatory authorities. 

Uncertainty 

Uncertainty regarding regulation bears principally on 

industrial cogenerators or participants in cogeneration 

arrangements. Utilities already are subject to the authority 

of state public utility commissions and, depending on the 

circumstances, that of the Federal Energy Regulatory Conunission 

(FERC} pursuant to the Federal Power Act and legislation 
2establishing the Department of Energy, and that of the 

Securities and Exchange Commission (SEC} as provided in the 
3Public Utility Holding Company Act. 

One general point of uncertainty is that cogeneration, 

despite its historic presence, is rarely mentioned in regula

tory legislation. At the national level, the recently passed 
4 

energy legislation contains direct, albeit brief, references. 

The key to federal jurisdiction over the generation of 

electricity is in the concept of "interstate commerce." But 

the broad meaning applied to interstate commerce when joined 

with the vagaries of statutes, the complexities of utility 

ownership, and the varieties of possible cogeneration arrange

ments leaves a great deal of uncertainty. In Texas, there 

*Prepared by Henry Sepulveda 
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has been limited experience with and interpretation of the 

recently enacted Texas Public Utility Regulatory Act. 5 

Thus, uncertainty from the perspective of prospective industrial 

cogenerators also exists about the regulatory status of co

generation in this state. 

In the remainder of this discussion, federal and state 

regulatory authority will be examined in order to clarify 

various jurisdictional questions raised by cogeneration, to 

the extent possible in a brief treatment. 

The Federal Power Act 

Utilities coming under the provisions of the Federal 

Power Act are subject to wide-ranging regulatory authority now 

administered by FERC. That authority concerns (a) interties 

and sales among producers of electricity; (b) disposition 

of facilities, mergers, and acquisition of securities of other 

utilities; (c) issuance of securities; (d) rates; (e) 

standards of service; (f) depreciation practices; (g) 

reports; (h) inspection of accounts and records; and (i) 

composition of boards of directors and affiliations of 

officers. 6 

In basic terms the Federal Power Act applies to circum

stances in which there is transmission or wholesale of electri

city in interstate commerce. Interstate commerce is not limited 

to transactions that physically cross state lines. In United 

States v. Yellow Cab Co., 7 the Supreme Court articulated the 

concept of "stream of interstate commerce," wherein trans

actions occurring wholly within a state may create a sub

stantial effect on interstate commerce. In Jersey Central 
8Power and Light co. v. Federal Power Commission, the Court 

ruled that when a transaction "affects" interstate commerce, 

it will fall under federal jurisdiction over electric power 
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generation. It is on this basis that electric utilities 

whose operations are essentially intrastate in character are 

subject to FERC regulations, because they are interconnected 

with utilities in other states to form power pool systems. 

An extensive analysis of the applicability of the 

Federal Power Act to cogeneration is contained in the Dow 
9study. Its conclusions for the major types of cogeneration 

arrangements described in Part I and as might be found in 

Texas are set forth in the following table. 

TABLE 1 

FEDERAL POWER ACT JURISDICTION 
OVER COGENERATION IN TEXAS 

Arrangement FPA Jurisdiction 

Industry ownership, operation None 
and consumption of power. 

Industry ownership, operation None 
and sale of surplus power 
to local industry or utility. 

Utility ownership and operation Probably none 
or participation in ownership 
and operation with industry, 
with sale of electricity to 
industry and others. 

Utility-industry joint venture Probably none 
("third party" cogeneration). 

It is unquestionably clear that cogeneration involving 

only industry is not subject to the Federal Power Act, even 

though the industrial enterprise as a whole is very much a 

part of interstate commerce. Even when there is sale of 

surplus electricity to a local customer, utility or other

wise, it is almost certain that the Federal Power Act would 

not come into play. For it to do so, the sale would have to 
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cross state lines, or the utility customer within the same 

state would have to be connected with an interstate system. 

Even if the latter case pertained, which it apparently does 

not in Texas as will be seen in a moment, cogeneration 

activity would not be regulated as that of a~ electric utility. 

Rather, the price of the electricity would be the subject of 

scrutiny as it might bear on the justness and reasonableness 

of the utilities• own subsequent wholesale transactions. A 

similar condition would exist if, in a participatory 

arrangement, an industry sold steam to a utility subject to 

FERC regulation which was then used to produce electricity. 

The cost of service factors which would affect industry 

in such circumstances were addressed in Western Distributing 

Co. v. Public Service Commission of Kansas. 10 The Supreme 

Court held that proof that an expenditure was necessary to the 

cost of service and that it did not exceed the cost of ob

taining such goods or services from alternative sources 

established a prima facie case of reasonableness. So long 

as the price the industry charged the utility for either 

electricity or steam was not "unreasonable" relative to 

similar purchases from alternative sources, FERC likely would 

not have any effect on the particulars of the cogeneration 

relationship. 

On the utility side, the cogeneration activities of 

those subject to Federal Power Act regulation obviously would 

be affected. Also, in the case of a joint venture, or third 

party cogeneration via an industry-utility subsidiary, there 

are strong chances of regulation of that venture, again if 

the utility already were under FERC jurisdiction. The co

generation activity essentially would be indistinguishable 

from utility operations. Nevertheless, as the Dow study 

pointed out, there remains much ambiguity in law and prior 
. . d . . 11dm . a 1n1strat1ve eterm1nat1ons. 

To the extent that the Federal Power Act may be a 

factor, its immediate consequences are for utilities which 

may be involved. Implications for industry are limited and 
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restricted. For the present in Texas, however, almost no 

utilities which might be involved in any way with industry 

in cogeneration, and consequently almost no industry which 

might be associated with a utility in cogeneration, would 

be affected. This is because Texas utilities, for the most 

part, have avoided interconnections which would subject them 

to the Federal Power Act. The Texas Interconnected System 

(TIS) operates wholly intrastate. No current utility-member 

of the TIS maintains any direct or indirect connections with 

any out-of-state utilities or communities. At present, the 

numbers of TIS include Dallas Power and Light Company, Texas 

Power and Light Company, Texas Electric Service Company, 

Houston Power and Light Company, Lower Colorado River Authority, 

the City of Austin, City Public Service Board of San Antonio, 

and the Texas Municipal Power Agency (Brazos Electric Coopera
12tive Company, City of Garland, City of Bryan, City of Denton). 

The critical factor regarding Federal Power Act regula

tions for the future of cogeneration in Texas is whether Texas 

utilities will go or be forced into interstate power pool 

arrangements. There has been considerable movement toward a 

national electric power grid in recent years. There is, then, 

a distinct possibility that the act at some point will become 

much more significant for cogeneration in the state than it 
I 

is today. 

Public Utility Holding Company Act of 1935 

The purpose of the Public Utility Holding Company Act of 

1935 is to protect the public interest in utility operations 

through prevention of speculative and financial abuses. The 

marketing of securities and various financial practices of 

enterprises subject to the Act are regulated by the Securities 

and Exchange Conunission (SEC). 13 
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Questions about the applicability of this law to co

generation activities are more complex than those presented 

by the Federal Power Act. 14 There are a variety of defini

tions to be applied, such as holding company, public utility 

company, electric utility company, subsidiary, and affiliate. 

And there are a variety of exemptions to be taken into account. 

In view of the serious penalties for violation of the law, 

any prospective cogenerator would want to have an authoritative 

assessment of the implications of the Act for the activities 

which are contemplated. 

It seems fairly certain, however, that cogeneration 

directly by either a utility or industry would be liable to 

regulation only if there was a parent corporation or a stock

holder having ten percent or more of the stock of the utility 
. d 15 . . kor the in ustry. A parent corporation or ten percent stoc 

holders of the direct cogenerator may be considered a holding 

company. For utilities with parent corporations or ten percent 

stockholders, direct involvement in cogeneration would not 

affect their status under the Act. Industrial cogenerators 

with parent corporations or ten percent stockholders would be 

eligible for exemption, if, for example, the enterprise is 

deemed to be engaged primarily in a non-electric utility 

business, or if minimal gross sales of electricity are not 

a substantial portion of income. If an industry operates a 

cogeneration facility as a subsidiary, the parent firm probably 

would fall in the holding company category. However, the 

exemptions just mentioned should also apply. 

A utility which has a cogeneration facility as a subsi

diary might be con$idered to be a holding company for purposes 

of the Act, depending upon its scope of operations. Texas 

utilities probably would be exempted, however, because of 

their intrastate character. 

In an industry-utility venture in which ownership of a 

cogeneration facility is shared in some manner, both partners 
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probably would be open to regulation as holding companies. 

Again, the industrial partner could seek exemption on grounds 

such as not being in the electric utility business, and the 

utility could seek exemption on the grounds of being an intra

state operation. 

All in all it appears that prospects are slim that co

generation undertakings of any type in Texas would be affected 

by the Public Utility Holding Company Act. It should be 

emphasized, however, that much depends on qualifications for 

exemptions, and that exemption is entirely at the discretion 

of the SEC. 

Recent Federal Legislation 

The Public Utilities Regulatory Policies Act of 1978 

contains provisions intended to encourage cogeneration and 

which affect the application of the Federal Power Act and the 

Public Utility Holding Company Act to it. Of particular 

relevance here, FERC is directed to promulgate rules encour

aging cogeneration. Specific mention is made of rules 

concerning the reliability of cogeneration facilities, 

access to electric service in emergencies, the price of 

cogenerated electricity purchased by utilities, the price of 

electric service charged by utilities to cogenerators, and 

the conditions under which cogeneration facilities may be 

exempted from the Federal Power Act, the Public Utility 
16Holding Company Act, and state laws and regulations. 

The legislation thus attempts to get at sensitive 

aspects of utility-industry relationships and the effects of 

regulation on cogeneration. By placing responsibility in 

the FERC for future action, however, the result is to continue 

uncertainty until such a time as that agency acts. Further

more, provisions pertaining to state laws and regulations 
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as they may be affected by FERC rules are cloudy as to their 

precise meaning and difficult to assess in their possible 

impact. 

Antitrust Law 

There do not appear to be serious barriers to cogenera

tion in the Sherman Antitrust Act17 or the Clayton Antitrust 
18 19Act. According to Associated Press v. United States, a 

company may sell its property as it desires if trade is not 

restricted. This would include the sale of electricity or 

steam by a cogenerator. The Dow analysis concluded that co

generators under any arrangement need be concerned with four 

particular restraint of trade issues: (a) whether others 

are prevented from competing with parties to a cogeneration 

agreement by that agreement; (b) whether subsequent resales 

of the electricity are restricted by the agreement; (c) 

whether a refusal to deal with other parties is involved; and 

(d) whether price discrimination is involved. 20 

The Dow study concluded that cogeneration agreements can 

avoid antitrust problems if the exclusion of other utilities 

or industrial companies can be shown to have a valid economic 

and business purpose. Under normal circumstances, this should 
21not be difficult to establish. 

The recent decision of the Supreme Court in Otter Tail 
22Power Co. v. United States highlights another aspect of 

antitrust law in relation to cogeneration. An investor-owned 

utility refused to allow power to be wheeled through its 

transmission lines to a municipal utility. The Court found 

the refusal to be an antitrust violation. The decision's 

significance is that substantial industrial cogeneration may 

require that surplus power be wheeled over a utility's lines 

for sale by the industrial generator to other customers. 
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Utilities may not wish to allow their systems to be used in 

this manner. In such cases, antitrust law may be used to 
23facilitate cogeneration. 

The Texas Public Utility Regulatory Act 

While some cogeneration operations may be able to avoid 

the jurisdiction of federal regulatory agencies, they may be 

subject to public utility regulation on the state level. 

Jurisdiction on the state level will be determined by the 

scope of the state's statutory definition of a "public utility." 

Cogenerators in Texas stand an excellent chance of being clas

sified as public utilities for purposes of the state's Public 

Utility Regulatory Act (PURA), 24 and thus subject to regula

tion by the Texas Public Utility Commission. This is due to 

the broad definition of "public utility" in the statute. 

Under Section 3(c) of the PURA, a public utility is 

defined as: 

Any person, corporation, river authority, cooperative 
corporation, or any combination thereof, other than a 
municipal corporation, or their lessees, trustees, and 
receivers, now or hereafter owning or operating for 
compensation in this state equipment or facilities for: 

(1) producing, generating, transmitting, distributing, 
selling, or furnishing electricity ..•. 25 

Cogeneration activities of a utility obviously would be subject 

to regulation. An industrial cogenerator that itself uses the 

electricity generated would not seem to fit the definition and 

would escape regulation. But an industrial seller of surplus 

electricity seems inevitably destined to be classified a public 

utility for purposes of the statute, since its activity is 

likely to include one or a combination of (a) compensation for 

its surplus electricity sale; (b) a literal production of 

electricity; (c) the transmission of electricity to a utility 
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for compensation; and (d) the furnishing of electricity to 

a utility. Furthermore, it appears that compensation need not 

be defined in monetary terms to trigger jurisdiction. Tech

nically, any economic or symbiotic cogeneration agreement of 

whatever form between an industry and utility may qualify the 

industrial partner as a public utility so long as some exchange 

of electrical power is involved. 

A third party cogeneration facility is even more likely 

to qualify as a public utility under the statute, given its 

express business interest in producing, transmitting, distri

buting and selling electric power. These activities are 

expressly described as those common to a statutory public 

utility. 

Enacted in 1975, the PURA became effective in September 

1976. Few judicial interpretations of its provisions have 

been issued to date. However, should the judicial interpre

tations of the courts of other states prove influential on 

Texas courts, the likelihood that cogeneration facilities 

will be considered public utilities for purposes of the 

statute may not be as settled as the prior discussion suggests. 

In California and Florida, for example, courts have 

defined public utilities as those companies which own or 

operate facilities "devoted to public use." If a service 

or product of such facilities is generally and indiscriminately 

available to the public, the facility is deemed to be devoted 
26to public use. Were such an interpretation to be adopted 

by the Texas courts, an industrial cogener~tor might be exempt 

if it restricts sales to contracting parties only and does 

not sell to the public at large. But if sales are made to 

more than one utility this might be interpreted as availability 
27

to the public and trigger the regulatory restrictions. 

However, it must be emphasized that no Texas appellate courts 

have issued opinions on the definition of "public utility," 

nor was it possible to find any pending cases on the point. 
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A cogeneration subsidiary whose ownership is shared 

by industry and utility probably would come under the terms 

of the Act, because its operations would be so closely meshed 

with that of the utility. It should be emphasized that it is 

the subsidiary, not the industrial partner, that is regulated. 

If a cogeneration operation qualifies as a public utility 

for purposes of the statute, the PUC's power to regulcte depends 

on geographical location. According to Section 17 of the 

statute, "[T]he governing body of each municipality shall have 

exclusive original jurisdiction over all electric ... utility 

rates, operations and services provided by an electric ..• 

utility within its city or town limits. 1128 Under this scheme, 

the city councils or other local government bodies have the 

same regulatory powers as the PUC to review the rates and 

services provided to the community by the cogeneration arrange

ment. The local bodies are to regulate the rates so that they 

be "fair, just, and reasonable, and the services, adequate and 

efficient. 1129 According to Section 22, local utility service 

within the boundaries of the municipalities is exempt from 

regulation by PUC to the extent that PURA applies to local 

service. The PUC is given appellate jurisdiction over the 

regulatory actions of local governing bodies. It has exclusive 

original jurisdiction over all public electric utilities in 

the state when the facilities are not located within the in
30corporated limits of a municipality. The PUC has no direct 

regulatory jurisdiction over municipally owned utilities. 

The regulatory requirements placed on public utilities 

in Texas are considerable. In order to suggest the kind and 

character of the regulations that cogenerators adjudged to 

be public utilities might encounter, the major provisions of 

the statute will be described. 

All public utilities, no matter where their location, are 

required to comply with all PURA requirements with respect to 
31reports. These include keeping all books, accounts, records, 
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and memoranda of all business transactions in a manner and 

form prescribed by the PUC and available for inspection by 
32

the appropriate regulatory authority. The public utility 

also must submit all necessary data, as the regulatory 

authority may require, to assist in deliberations on rates, 
33t . d . b d 1 t.opera ions an services. Reports must e prepare re a ing 

to all affiliated interests in the utility, any contracts 

with affiliated interests, and any expenditures for business 

gifts, advertising, or other public relations. 34 In addition, 

utilities are required to maintain an office in which all 

required reports are to be stored and accessible to the 

regulatory authority. 35 All necessary reports must be filed 
36with the local regulatory authority and the PUc. 

Any cogenerator considered a public utility under the 

statute will have its sales of electrical energy scrutinized 

so that the rates are "just and reasonable" and sufficient, 
37equitable, and consistent to each class of customer. 

Overall revenues may not exceed a recovery of operating 

costs and a reasonable return on invested capital. In 

all rate-proceedings, the cogenerators would bear the burden 

of proof that their rates and sales are ''just and reasonable. 1138 

Cogenerators deemed public utilities would be prohibited 

from discriminating against any person or corporation that 

sells or leases equipment or performs services in competition 

with them. They may not engage in any practice tending to 
. . . . . 39restrict or impair competition. 

The regulatory authority is empowered to require safe, 

adequate, efficient and reasonable standards of service. 40 

Cogenerators would be required to comply with fixed standards 

for measurement and testing of the electrical energy supply. 

No sale, aquisition, lease or rental "for consideration 

in excess of $100,000.00" of any plant as an operating unit 

may be consurrmated by an electric utility without the prior 

approval of the PUC. Purchase of voting stock in another 
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Texas public utility is also prohibited unless reported in 

advance and approved by the PUC. No mergers or consolidations 

with other public utilities are permitted without the prior 

approval of the PUc. 41 

No public utility may conunence providing electrical 

service under any franchise or permit without obtaining a 

"certificate of convenience and necessity" from the PUC. 

Such applications must be preceded by the prior consent or 

permit of the governing body of the municipality in which 

the facility will be constructed. 42 Cogenerators considered 

to be public utilities would face two regulatory bodies before 

receiving the necessary approval to initiate a cogeneration 

venture. The PUC may grant a certificate only after a formal 

hearing on: (1) the adequacy of existing service; (2) the 

need for additional service; ( 3 ) the effect of granting 

the certificate on the "community values, recreational and 

park areas, historic and aesthetic values, and environmental 

integrity" of the area; and (4) the improvement of service 
. f . h 43or 1owering o cost to consumers in sue area. 

Sununary and Conclusions 

The decision to enter into a cogeneration undertaking is a 

costly and risk-ridden one. Much of the risk is in uncertain

ties about the regulation of such ventures by federal and state 

governmental agencies. ~ithough cogeneration itself is not a 

new phenomenon in electrical power generation, it is a novelty 

with respect to the majority of regulatory legislation and 

rules on the state and federal levels. In short, few definitive 

policy and regulatory statements regarding cogeneration and 

cogeneration business associations exist. 

For purposes of federal regulation, cogenerators need 

concern themselves wtth regulatory constraints only where 

there is an interstate dimension. If this is the case, it 
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should be assumed that there is at least a strong possibility 

of FERC and PUHCA regulation. 

More (and less) can be said of jurisdictionally related 

constraints to cogeneration implementation on the state and 

local levels. Given the jurisdiction granted by the Texas 

Public Utility Regulatory Act to municipal governing bodies 

over electric utilities located within city or town limits, 

industries and utilities may have a clearer idea of which 

political and governmental bodies will regulate their activi

ties. Less can be said definitively at the state regulatory 

level given the newness of the Public Utility Regulatory Act 

of 1975 and the lack of appellate opinions on its provisions. 

The interpretation of a "public utility" by the Texas courts 

will influence significantly the attractiveness of cogenera

tion in determining if such schemes are "public utilities" 

for purposes of the PURA. 

The major studies of cogeneration feasibility in the 

United States have recommended that cogeneration schemes be 

granted exemption from regulatory jurisdictions. Recent 

federal legislation calls for a concerted effort among federal 

and state regulatory bodies to prescribe rules by which such 

exemptions might be acquired. However, it remains uncertain 

whether such a set of rules, born of political negotiations 

between state and federal policyma~ers, will alter regulation 

of innovative energy technologies to the satisfaction of 

already cautious and conservative industrial and utility 

business planners. 



D. IMPLICATIONS OF UTILITY RATE 

STRUCTURES FOR COGENERATION* 

Economic considerations associated with cogeneration were 

discussed in a previous section. Regulatory authorities may 

have a substantial influence on the economics of cogeneration. 

In this section, the effect on cogeneration of various 

approaches to regulating the price of electricity will be 

assessed, together with some other aspects of rate regulation 

which may have a bearing on cogeneration decisions. 

The Traditional Approach 

Whatever the approach to rate design, the rate-making 

process begins with determining a utility's total cost of 

service, which becomes its revenue requirement. The elements 

involved are operation and maintenance expenses, such as for 

personnel and fuel; depreciation on plant; taxes; and return 

on investment, or the cost of capital. The next step is to 

classify costs in some manner. Regulatory bodies traditionally 

have employed the fully distributed cost method for this 

purpose. The final step is to establish a basis for recover

ing costs from various customer classes. Again, traditionally, 

a declining block rate structure has been employed. 

The identification, classification and allocation of costs 

in the traditional manner is an extremely complex process. The 

term ·~ully distributed' costs includes within it a host of alter

native approaches and methods. The intricacies of rate-making 

need not be examined in detail here, but a brief summary of 

the stages in the process, dravm from the Texas PUC rate design 

*Prepared by Michael S. Abkowitz 
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study, will provide necessary background for considering the 
1

implications of the traditional approach for cogeneration. 

Before assignment of costs to the various classes of 

custome~s can be made, two procedures must be completed. The 

first is to divide costs according to the major activities of 

electric utilities. These are the costs of generating power 

or purchasing power and putting it into the transmission 

system, the costs of moving power through the system, the 

costs of delivering it from the transmission system to 

customers, and the costs of sales, accounting, billing and 

similar business activities. 

After costs have been assigned, they are categorized 

further in one of three components to establish a basis for 

the rates to apply to particular customers. The customer 

cost component includes all of those such as accounting, sales, 

metering and billing which are determined by the number of 

customers served, and a portion of the costs of distribution. 

The energy cost component includes items which fluctuate with 

kilowatt-hour consumption. A portion of production costs, 

such as for fuel, are placed here. The demand cost component 

includes those costs imposed by the difference in capacity 

required to meet the average load (by some measure) and peak 

load. A portion of both production and distribution costs 

also are incorporated. 

Following calculations to assign costs to the customer, 

energy and demand categories, there is division of the totals 

obtained in each among residential, conunercial and other classes 

of customers. The criteria for allocation are, for customer 

cost, the number in each class; for energy costs, kilowatt

hour consumption; for demand costs, or for maintaining peak 

load capacity, one of approximately forty techniques. 

When converted to rates, a declining block structure 

typically results. The principle characteristic of this 

structure is that the price per unit of electricity falls as 
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consumption increases, giving it a promotional effect. 

Declining block rates are sometimes seen as impedi

ments to cogeneration, because of the low (comparatively) 

rates charged to large industrial users. An extension of 

the position. is that residential and commercial customers 

in part subsidize the price of electricity to large users. 

Studies seem to indicate, however, that such rate structures 

fairly accurately distribute the cost of service among the 

various classes of customers, if underlying cost computations 

and allocations are valid according to established criteria. 

Even though perhaps equitable in these terms, de

clining block rates built on the basis of fully distributed 

cost formulae may discourage cogeneration. The major reason 

is that the rates for each class reflect historic, average 

costs, not marginal costs. Thus, large industrial users -

prospective cogenerators -- may purchase added amounts of 

electricity at a lower price than, in fact, it will cost to 

produce it. Increased demand requires new generating capacity 

using fuel at contemporary prices. Yet what is being paid is 

an average of these and historic, much lower, costs. The true 

costs of added demand are diffused among all customers. It 

has been argued by many that if users were required to pay 

the marginal costs of the electricity they consume, industrial 
2

cogeneration would become a much more attractive option. 

A particular declining block rate structure will be a 

greater or lesser impediment to cogeneration, depending on 

its special features. The less the decline, the greater the 

incentive to cogenerate in all probability. Texas public 

utilities have moved in the direction of lessening declines 
3

with the encouragement of the Public Utility Commission. 

Also, impediments to cogeneration may be less in two-or three

part rate structures, in which separate charges are made for 

demand costs, even though those charges are declining in 

character. 
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Alternative Rate Structures 

The promotional qualities of block rates, concern for 

conservation in energy use, plus possibilities of discrimina

tiop among classes of customers when cost calculations are 

inaccurate, have led to renewed interest in alternate rate 

structures. Approaches which place emphasis on the marginal 

costs of production are receiving particular attention. A 

major reason is that rates which reflect marginal costs are 

presumed to reduce or redistribute utility loads. Such 

effects would result in more efficient use of existing 

capacity and lessened pressure to expand capacity. 

Time-differentiated rates are among the more attractive 

alternatives and are now being emphasized by some state regula

tory bodies. Charges are based upon the season or the time 

of day in which electricity is used in order to reflect 

temporal variations in cost. 

If a seasonal approach were employed, electricity would 

cost more during the time of year -- winter or summer, depending 

upon the area -- in which demand is highest. The rationale is 

that those who create the seasonal peak demand and who neces

sitate the capacity to meet it sl1ould bear the cost. One 

problem with the approach is that it does not deal with daily 

variations in demand within the peak period. Users of 

electricity during off-peak periods of the day are charged the 

same as those whose use falls in peak hours. 

Seasonal rates would increase the cost of electricity 

during the peak season to continuously operating industries. 

This might be compensated for by lower rates during other 

seasons, so that on a yearly average basis there may not be 

a major effect. But it is difficult to calculate the impact 

of seasonal rates for cogeneration possibilities. The greatest 

likelihood is that they would be stimulated somewhat, because 

the reflection of marginal cost concepts would increase the 

price of electricity to large industrial users. 
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Time-of-day rates are greater when a utility's peak 

capacity is engaged and less when only the base-load capacity 

is needed. A major disadvantage is the cost of metering at 

different time periods, but there are many arguments to 

justify the expense. As before, since potential cogenerators 

usually have continuous power requirements, the increased 

cost of peak power may be offset by the decreased cost of 

off-peak power. If an industry's peak power requirements 

coincided with a utility's peak demand and could not be 

adjusted, there might be incentives to cogenerate. 

Other alternatives are included in the general concept 

of lifeline rates. A major purpose of lifeline rates is to 

provide basic residential utility service at low cost to the 

consumer. Interest in lifeline rates has been stimulated by 

the impact of increasing cost on low income groups. Lifeline 

rates also might make cogeneration more appealing to industry, 

to the extent that residential rates come to be subsidized by 

the rates charged other customer classes, or marginal cost 

principles are employed in rate design. 

In summary, rate regulation is an important factor in 

the economics of cogeneration. To the extent that revised 

approaches to oetermining and allocating utility costs may 

increase the price p~id for electricity, industry is given 

incentives for countermeasures. In addition to conventional 

conservation steps, costs of electric power may be cut through 

cogeneration by industry to meet its own needs, and perhaps be 

further reduced through the sale of surplus power. Costs may 

also be cut through association with a utility in which 

revenues from the sale of steam used by the utility in genera

tion offset some of the cost of electricity. 

Other Rate-related Considerations 

Utility rate regulation may bear significantly on co

generation in three additional ways. They are the rate charged 
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by utilities to industrial cogenerators for back-up power, 

the price at which industry may sell surplus power to 

utilities, and the price at which utility cogenerators may pur

chase steam from industry. 

Most potential cogenerating industries must have an 

l.lllinter:rupun power supply; any shutdown in the generating 

equipment could idle completely the entire plant. A co

generator has two possibilities for auxiliary power. It can 

have its own auxiliary generators, but this requires further 

investment. An alternative is for the industry to remain 

on the utility's grid, ready to draw power when the cogenera

ting facility goes on shutdown or cannot meet demand. Such 

an arrangement presents a problem to the utility. It must 

maintain capacity to handle the cogenerator's needs, but it 

has no guarantee that the capacity will be called upon. The 

utility will be inclined to charge the industry for the excess 

capacity, and the industry will be reluctant to pay for a 

service it does not receive. High standby costs for power 

can be a disincentive for cogeneration. 4 

At present most auxiliary power to industry is priced 

in the same manner as regular industrial power. The industry 

pays customer and demand costs, and energy costs are added 

when utility power is used. Thus, industrial cogenerators 

often are faced with the prospect of paying for the power they 

produce, as well as substantial sums for power which they do 

not consume. 

It would appear that auxiliary power can be regulated 

as a separate class by the Texas PUC, and it also would appear 

wise to do so. Explicit attention might result in cheaper 

auxiliary power, yet at a price sufficient to compensate a utility 

for customer and demand costs. One suggestion has been to 

pool all auxiliary class customers and thereby reduce costs to 

industry, since it is unlikely that many cogeneration plants 
5will be down at the same time. 
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A strict application of the Texas Public Utility Regula

tory Act would seem to require PUC regulation of the price at 

which industrial cogenerators may sell excess power to utili

ties. The prospect of being subjected to rate regulation 

with uncertain results is no doubt a disincentive to co

generation of the sort that would make surplus power avail

able. There are two strategies which might be followed to 

remove the disincentive. The first would be to reduce un

certainty by clearly enunciating the approach the PUC will 

take in regulating the price of surplus power. The second 

would be to exempt such sales from regulation on the basis 

of present authority or amendment to the Act. These sales 

would not be of such a magnitude in the foreseeable future to 

have a substantial impact on the price of electricity to 

utility customers. Furthermore, the price would still be 

susceptible to regulatory scrutiny as a cost factor in 

utility operations. 

There is a related matter which should be mentioned 

here, although it does not directly concern rates: utility 

willingness to purchase surplus power or to allow its trans

mission. Utilities may be relucta.nt to handle industrially 

generated power for a variety of reasons, not all of which 

may be sound. It would be desirable for regulatory bodies 

to consider the establishment of rules which would preclude 

refusal to purchase or transmit for unsound reasons. Indeed, 

recently passed federal legislation, mentioned previously, 

may have the effect of compelling such action. 

There are additional sensitive regulatory points having 

to do with the sale of steam in several types of cogeneration 

arrangements. When industry sells steam to a utility, the 

price received for that steam is of obvious importance for both 

the industry and the price of electricity. An industry enter

ing into an arrangement with a utility undoubtedly would not 

do so unless a price, satisfactory from its perspective, were 
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negotiated. In Texas, the PUC would have no direct control 

over the sale price, but it may be evaluated as a portion 

of utility costs. 

When utility cogenerators sell both power and steam 

to industry, there is a potential rate problem. If steam is 

sold at less than its marginal cost, it will be in effect 

a subsidization of industry by all other customers of the 

utility. On the other hand, cost to the industry must be 

no more than if it supplied its own steam needs, or else 

the purchase would not be attractive. 6 

At present the PUC does not seem to have direct 

authority over steam sales of utilities. Whether adequate 

attention can be given through other authorities requires 

further examination. 

If cogeneration is by a jointly owned subsidiary of an 

industry and utility, further questions arise. To what 

extent are the prices of electricity sold to the parent 

utility company and steam sold to the parent industry subject 

to regulation? The Dow study suggested that, "It is arguable 

that no rates are charged to the utility partner since the 

two partners merely take portions of the output proportionate 

to their respective shares of their capital investment. 117 

In substantial joint enterprises, however, the transactions 

among participants could have discernible effects on utility 

rates of other customers. For example, in one form of joint 

agreement, the subsidiary owns just a boiler. It transfers 

steam to both parent companies. A cost allocation problem 

clearly arises here, since the steam taken by each partner 

would be of different temperature and pressure. It does not 

appear certain, from a public policy standpoint, that such 

arrangements should be irrunune to regulation. 

Summary and Conclusions 

Clearly there is substantial uncertainty about the 

susceptibility of various cogeneration transactions to 
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regulatory control. There is further uncertainty about the 

desirability of such control. Some advocates of cogeneration 

recommend removing uncertainty and thus boosting cogeneration 

through exemption from regulation. Before exemption, however, 

it would seem wise to consider systematically and thoroughly 

all of the implications for utility customers in general. 

The price of electricity is the most important regula

tory factor affecting the level of cogeneration activity. 

Rate structures which provide low-cost electricity to large 

users, though equitable in distributing cost-of-service among 

classes of customers, provide disincentives for cogeneration. 

Rate structures which reflect marginal cost concepts probably 

provide some incentives. 

Just as utility rates may affect cogeneration, industrial 

cogeneration may affect utility rates. Substantially increased 

cogeneration, whatever its stimulus and whatever its value for 

energy conservation, in certain circumstances might produce 

upward pressures on rates. If large industries in a utility's 

service area begin cogenerating, a proportion of the base-load 

will disappear. Depending somewhat on the auxiliary power 

charge factor, revenues may be lost,and excess capacity conditions 

may be accentuated, thereby forcing all rates up to cover costs. 

Possible effects of this type require careful consideration. 



E. ENVIRONMENTAL CONSIDERATIONS* 

Environmental regulation has come to be of major impor

tance for the prodQction of electricity and for industrial 

activity. Intricate sets of controls have grown up around 

utility and industrial operations to enhance air, water and 

other aspects of environmental quality. The purpose of this 

section is to examine the effects of these controls on co

generation activity and the effects of cogeneration on environ

mental quality. 1 

Effects of Cogeneration on Environmental Quality 

There is general agreement that the overall effects of 

extensive cogeneration on environmental quality would be 

positive. One reason is that when the production of electri

city and process steam are combined, energy in the form of 

heat that otherwise would be lost is retained and used. In 

separate processes much of this heat is found in water which 

is discharged directly or after cooling into a lake or stream. 

Cogeneration would lessen both the thermal pollution effects 

of waste discharges and the costs and complexities of control

ling it. 

Another and more important reason has to do with the 

gaseous (sulfur dioxide, oxides of nitrogen, and the like) and 

particulate emissions which accompany the burning of fut~l to 

produce steam, especially for the generation of electricity. 2 

The fuel efficiency of cogeneration means that less fuel must 

be burned to achieve a given output of energy than that required 

by distinct utility and industrial processes. Thus, to the 

extent that cogeneration replaces separate operations, polluting 

emissions should be reduced and made less costly to control . 

*Prepared by Isabel M. Nart 



63 

It should be said in this regard that cogeneration by industry 

should have no effect whatsoever on air and water pollution 

which results from operations beyond the production of steam. 

Problems franthe use of chemicals in manufacturing, for 
3example, would not be lessened or increased. 

The environmental effects of cogeneration are not benign, 

although in the aggregate they may be positive. Fuel is 

consumed andthere are wastes and other types of environmental 

impacts. The degree to which these may limit potential depends 

for the most part on technological and locational factors. 

Environmental Effects in Application 

The various cycles and fuels which are used in cogenera

tion processes may have different environmental effects. The 

following table provides a comparative view as to air quality. 

TABLE 2 

COGENERATION CYCLES AND 
AIR POLLUTION CONSEQUENCES 

Cycle Fuel Pollution 

Gas turbine & 
waste heat 
boiler 

Diesel engine & 
waste heat 
boiler 

Stearn boiler & 
turbine 

Combined cycle & 
waste heat 
boiler 

gas 
#2 oil 
treated 

residual 
SN 6 

gas 
#2 oil 
treated 

residual 

nuclear 
any oil 
coal 
wastes 

gas 
#2 oil 
SN 6 

nitrogen oxides 

nitrogen oxides 
particulates 

sulfur dioxide 
nitrogen oxides 
particulates 

nitrogen oxides 

Source: Adapted from "Cogeneration... ," Power Engineering, 
March, 1978, p. 37. 
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Generally speaking, air pollution problems are most 

severe when coal is used as a fuel and less severe when gas 

or oil are used. Despite its attractiveness for cogeneration 

on grounds of fuel availability and operating efficiency, the 

use of coal may be discouraged for environmental reasons. 

The impact of air pollution consideratiom in cogenera

tion prospects, however, has to be analyzed on a plant-to

plant and area-to-area basis. The key questions concern the 

existing level of air quality, the amount of air pollution 

produced at a plant for which cogeneration is being evaluated, 

the air pollution regulatory restrictions governing the area, 

and the air quality effects likely to result from cogeneration. 

If the area is one in which air quality is below esta

blished standards, there are problems in adding any new 

activity which would exacerbate pollution problems. Cogenera

tion would not be impossible under such circumstances, but 

its effects on air quality would require explicit and careful 

attention. In Texas most of the major industries which are 

candidates for cogeneration, especially petrochemical and 

refining, are found in the Gulf Coast area where air quality 

is of major concern. 

Although air pollution is the environmental factor of 

the greatest significance for cogeneration, there are others. 

Coal use, as has been noted previously, requires a great amount 

of land for handling and storage and for managing the solid 

wastes that come with air pollution control. The need for 

sufficient area for such activity and for new transmission 

lines may precipitate concern from land-use, planning, and 

aesthetic perspectives. "Land pollution" is a possible issue. 

Concern for environmental quality no longer is restricted 

just to physical pollution. Depending upon the particular 

area and circumstances, a large cogeneration enterprise might 

encounter resistance because of its perceivect consequences 

for future growth and other local conditions although in the 

strict sense it is environmentally "sound. 114 
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In summary, the positive effects of coqeneration on the environ

ment add to its general attractiveness, although there may be 

localities in which the addition of extensive cogeneration 

capacity would result in ~nvironmental difficulties. Air 

pollution concerns are of foremost importance. Others may 

be associated with land pollution and perceived long-term 

effects on a particular locality. 

The Effects of Environmental Control on Cogeneration 

From the standpoint of a prospective cogenerator, the 

most important manifestations of environmental controls are 

in standards -- principally of air and water quality -- which 

must be met and permits which must be secured for various 

activities. Not only do such requirements add to the time and 

cost of bringing into being something like a major cogeneration 

facility, they provide opportunities for opponents, whatever 

their ~otives, to slow or halt the process. 

An experience of Dow Chemical at its Midland, Michigan 

plant is instructive in this regard. 5 Several years ago Dow 

entered into an agreement with Consumers Power Company to 

purchase steam for industrial processes and electricity from 

a nuclear plant to be built at Midland. The arrangement would 

replace an old Dow cogeneration system. A construction license 

was sought from the Atomic Energy Commission in January, 1969. 

At that time, the plant was expected to be in-service by 

February, 1975. Due to problems encormtered based on environ

mental and safety grounds, which included litigation in federal 

courts, in February, 1975 the expected in-service date had 

become March, 1982. 

Of course there are special problems connected with nuclear 

power plants. Federal licensing is required which in turn 

necessitates an environmental impact statement. Except for 

cogeneration involving nuclear facilities, efforts in Texas 
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would not be subject to federal requirements in this regard. 

They might if FERC licensing pursuant to the Federal Power 

Act applied, and even this is not certain. 6 

Nevertheless, the illustration clearly suggests the 

effects that environmental regulation may have. Participation 

in cogeneration makes industry subject to regulation of this 

type in new ways. Additional uncertainties are included in 

planning and investment processes. New dependences are 

created. Such consequences may have a depressing effect on 

industrial interest. 

Some Particulars of Regulation 

In order to further develop a basis for considering the 

effects of envionmental controls on cogeneration, some of the 

major regulatory programs and processes will be described. 

Among the more important provisions of the Federal Clean 
7Air Act as amended and the rules promulgated by the Environ

mental Protection Agency are those which establish ambient 

air standards, new source performance standards (NSPS), and no 
8

significant deterioration requirements. Ambient air standards 

are limits of regional atmospheric conditions to levels of 

quality below certain fixed concentrations of pollutants. New 

source performance standards require new facilities, and this 

would include those for cogeneration, to limit emissions below 

specified amounts for the purpose of attaining the level of 

air quality set by the ambient standards. If the facility is 

to be located in an area in which ambient standards have not 

been attained, the offset provisions added to the Act in 1977 

come into play. In general, these require that for there to be 

new emission sources, emissions from existing sources must be 

reduced by more than is to come from the new facility through 

addition of controls, changes in processes, shut-downs, or 

other means. 
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No significant deterioration requirements apply in areas 

where air quality is better than that set in the ambient 

standards. In such areas, new facilities, again including 

cogeneration operations, must control emissions so as not 

to cause air quality to deteriorate significantly toward the 

concentrations set forth in the standards. These restrictions 

most likely would be of greatest consequence for new industrial 

parks built around a cogeneration concept. The area required 

for large-scale parks might necessitate their location in non

urban, non-industrialized areas where air quality is relatively 

high. 

Presently these and other air pollution control require

ments are effected through the plans and processes of the Texas 

Air Control Board (TACB) . All new construction of cogeneration 

facilties would require a TACB permit. Issuance of a permit 

depends on a number of factors, such as whether significant 

deterioration of air quality would result, whether a facility 

is located with proper consideration of land use consequences, 

and whether it is equipped with the best available control 
9technology. 

Other permits may be required at the state and local 

levels. Any power-generating facility which will discharge 

water must obtain a permit from the Texas Department of Water 
lO h . l' . t . . f t.Resources. T e permit app ication must con ain in orma ion 

about proposed usages of water, sources and characteristics 

of the discharge, descriptions of discharge facilities, the 

treatment considerations of segregation of certain wastes and 

inplant waste reduction, and the impact of the effluent on 

the receiving waters. Since cogeneration facilities involve 

water use and discharges of wastes, a permit will be needed. 

The Department of Water Resources can cancel or alter permits 

after issuance if guidelines are not met. 
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Swmnary and Conclusions 

Cogeneration facilities and activities are subject 

to numerous environmental controls, notably in the air quality 

area. In no case are these unique to cogeneration; they are 

the same controls reflecting the same concerns that apply to 

power generation or industrial activity in any form. They 

should have little or no special bearing on cogeneration 

decisions in situations in which substantial addition to power

generating and process-steam production capacity is necessary, 

or replacement of industrial toilers is required because of obso

lescence or some other factor. Their greatest effect is 

probably on prospective industrial cogeneration where the 

industry has the option of continuing to use existing equip

ment and steam and electric power arrangements. Cogeneration 

might be discouraged by an unwillingness to contend with the 

network of environmental controls. Uncertainties in the 

character and cost of environmental controls may be seen as 

adding to the investment risk in cogeneration, thus making it 

more difficult to justify economically. In Texas, the current 

disagreements between the Air Control Board and the Environ

mental Protection Agency clearly indicate that answers are 

still lacking to a large number of basic questions about air 

pollution control in the state, questions which are of con
11. d bl . . . d . 1si era e importance to prospective in ustria cogenerators. 



F. INSTITUTIONAL PERSPECTIVES* 

In a recent paper based upon involvement in twenty maJor 

cogeneration negotiations, Richard W. Foster-Pegg observed that 

in all of them, "The major problems to be overcome were pri

marily institutional; engineering problems were minimal." 1 

Even when economic and regulatory factors do not appear to be 

impediments, difficulties may remain in meshing electrical 

generation and manufacturing processes and in negative attitudes 

on the part of both utilities and industries. 

Problems in Meshing Electrical Generation and Manufacturing Processes 

As previous references have indicated, industrial steam 

needs may be too little or too variable to make cogeneration 

feasible. Even when technically feasible, however, the com

plexities in harmonizing generation and manufacturing requisites 

may be more than industries or utilities wish to wrestle with. 

Even in inunediate circumstances when meshing is not difficult, 

long-term considerations may cause industrial reluctance. A 

major reason is that the expected life of cogeneration equip

ment is somewhat longer than that of manufacturing plants and 

processes. Industries may fear that technological changes at 

some point in the future will alter their steam requirements 

in such a way that the appropriateness and soundness of an 

established cogeneration operation is called into question. 

Such fears may contribute to reluctance to embark on enter

prises of their own, or to enter into long-term arrangements 

with utilities. 2 

Negative Utility Attitudes 

Although most utilities consider themselves to be in 

*Prepared by C.W.T. Hagelman III 
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the steam production business, they have had little experience 

with the integrated use of steam for the production of elec

tricity and for industrial processes. Thus, there may be a 

certain unfamiliarity with cogeneration in its operational 

aspects that results in limited general enthusiasm about 

involvement. Cogeneration by industry also may be viewed 
3 as a threat to business. An attitude of this sort would 

result in uncooperative stances on such issues as auxiliary 

power charges. 

Other negative utility attitudes apply to proposals 

which call for the purchase of industrially cogenerated 

electricity or complete or partial utility ownership and 

operation of facilities at industrial sites. In utility 

perspective, the purchase of power from a number of small 
4producers creates several difficulties. One is load manage

ment, a task which increases in complexity with the number of 
5generating units whose production is to be absorbed. Another 

is reliability of service, about which all utilities are most 

sensitive. Utilities are reluctant to depend on the produc

tion of units not under their control. These are viewed as 

vulnerable to unexpected outages because of breakdowns, 
6strikes, and the like. Wishing not to be placed in a situ

ation in which demand could not be met, utilities want to have 

adequate facilities of their own. Therefore, they are reluc

tant to incorporate cogeneration units of industry as integral 

parts of their system. 

Reliability problems are lessened when utilities them

selves are responsible for the generation of electricity at 

industrial locations. But even here there are problems. 

Utilities may see investment and responsibility for operating 

costs in small units as a less productive use of scarce resources 
7than is provided by the central power plant option. Load 

management considerations are much the same. Some reliability 

considerations also remain. The quality of steam used in the 
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generation of electricity must be high. Association with 

steam used in manufacturing processes increases quality 

control problems and the chances of unexpected shutdowns for 

maintenance and repair. 

Negative Industrial Attitudes 

A major reason for negative industrial attitudes toward 

cogeneration is an understandable bias against devoting time 

and energy to something which is unfamiliar and which is not 

seen as furthering the basic purposes of the enterprise. 8 

There are exceptions, of course. Many industries have been 

active in and have developed expertise in cogeneration over 

many years. But for most, the cogeneration idea as it pertains 

to their own operations is a new one. In addition to un

familiarity and the view of cogeneration as a distraction, 

there are other sources of negative attitudes. Movement to 

cogeneration would be a major innovation in plant operations. 

Personnel would have to be trained or acquired. 9 Adaptations 

might have to be made in manufacturing processes. There could 

be considerable disruption. 

Some of these limitations could be overcome with utility 

involvement. However, an industry might fear that such an 

association would endanger the confidentiality of aspects of 

its operations which it would like to remain private. Also, 

an unacceptable loss of autonomy might be foreseen in such an 

arrangement. 

Summary and Conclusions 

The attitudes of prospective cogenerators may play an 

important part in cogeneration decisions. Negative attitudes 
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may be based on objective economic, regulatory and operational 

considerations. They also may be based upon subjective con

siderations. Biases are of particular concern when they prevent 

prospective cogenerators from objective evaluation of possible 

gains and losses. Economic circumstances should have a major 

bearing on the continuance or alteration of such attitudes. 

But the problem also may be viewed as in part an educational 

one which could be addressed through educational and informa

tional strategies. 



PART V 

POLICY PERSPECTIVES 





A. IMPLICATIONS OF NATIONAL ENERGY POLICY 

FOR COGENERATION IN TEXAS* 

In October 1978, Congress passed a modified version of 

President Carter's comprehensive energy program. The five 

major elements of the program are the Natural Gas Policy Act 
1of 1978, which deals with natural gas pricing; the Power 

Plant and Industrial Fuel Use Act of 1978, 2 which is concerned 

with coal conversion; the National Energy Conservation Policy 
3

Act of 1978, which deals with energy conservation; the Energy 

Tax Act of 1978, 4 which involves energy taxes and credits; and 

the Public Utility Regulatory Policies Act of 1978, 5 which is 

concerned with electric rate reform. In the discussion to 

follow the main policy themes appearing in these enactments 

will be summarized, and those that have particular relevance 

for cogeneration will be highlighted. 

Natural Gas Policy Act 

The Natural Gas Policy Act provides for a phased deregu

lation of interstate gas and brings intrastate gas under federal 

price controls for the first time. Gradual deregulation of 

wellhead prices for new gas in the interstate market will 

allow the average price to rise steadily but at a relatively 

modest rate. 

Charging "regional discrimination," and a federal 

violation of state's rights, Texas, Oklahoma, and Louisiana 

filed suit recently seeking to overturn the Natural Gas Policy 

Act of 1978. The suit was filed in federal court in Oklahoma 

City against the Federal Energy Regulatory Commission which is 

responsible for enforcing provisions of the act. The states 

*Prepared by Michael S. Abkowitz and Scott Mann 
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will argue that the act violates the interstate commerce 

clause of the U.S. Constitution and the 10th amendment. 

It is impossible to determine the long-range effects 

this legislation may have on cogeneration in Texas. In the 

short run any effects are likely to be negative, because of 

the uncertainties it adds to the general fuel situation. 

Power Plant and Industrial Fuel Use Act 

Title I of the Power Plant and Industrial Fuel Use Act pro

hibits, subject to certain exemptions, tl1e use of petroleum 

or natural gas as the primary fuel source in any new electric 

power plant or major fuel-burning installation. For purposes 

of the act, the term "major fuel-burning installation" means 

a stationary unit consisting of a boiler, gas 
turbine unit, combined cycle unit, or internal 
combustion engine whi~h (a) has a design capacity 
of consuming any fuel (or mixture thereof) at a 
fuel heat rate input of 100 million Btu per 
hour or greater; or (b) is in a combination of 
two or more such units which are located at the 
same site and which in the aggregate have a 
design capacity of consuming any fuel (or mixture 
thereof) at a fuel heat input rate of 250 million 
Btu per hour or greater.6 

This definition includes most of the industrial plants that this 

report has considered as likely candidates for cogeneration. 

The exemptions to the prohibition are numerous and com

plex and cover such reasons as: lack of alternate fuel supply, 

public interest, peak and intermediate load power plants, site 

limitations, environmental requirements, lack of capital, and 

state or local requirements. Included in the act is a perma

nent exemption for cogeneration facilities if it can be proven 

that the petitioner has demonstrated that economic 
and other benefits of cogeneration are unobtainable 
unless petroleum or natural gas, or both, are used 
in the facility.7 
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For purposes of the act, the term "cogeneration facility" 

means 

an electric power plant or major fuel burning 
installation which produces (a) electric power; 
and (b) any other form of useful energy (such as 
steam, gas, or heat) which is, or will be, used 
for industrial, commercial, or space heating 
purposes.8 

Title III of the act stipulates that, subject to certain 

exemptions, "natural gas shall not be used as a primary energy 

source in an existing electric power plant on or after January 1, 

1990." The act grants discretionary power to the Secretary of 

Energy to prohibit 

the use of petroleum or natural gas, or both as a 
primary energy source in any existing major fuel 
burning installation, if the Secretary finds that 
(1) such installation has or previously had the 
technical capability to use coal or another alter
nate fuel as a primary energy source; (2) ... or 
it could have such capability without (a) substan
tial physical modification of the unit, or (b) sub
stantial reduction in the rated capacity of the 
unit; and (3) it is financially feasible to use 
coal or another alternate fuel as a primary source 
in such installation.9 

For the purposes of this section, a maJor fuel-burning instal

lation is one which has a fuel heat input rate of 300 million 

btus per hour or greater. As in Title II, there are numerous 

and complex exemptions to the prohibition, including an exemp

tion for cogeneration facilities. The reason for the exemption 

appears to be the efficiency that results from cogeneration. 

The effects of this legislation must be considered in 

relation to the required limitations on the use of gas for 

boiler fuel imposed by the Texas Railroad Commission in 1978 

in Docket 600. It is currently under reconsideration. For 

now, however, large users may not have access to new gas con

tracts from a utility. In addition, a company's total gas use 

for boiler fuel in 1985 must be less than 75 percent of the 
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greater of 1974 or 1975 use levels. Indications from large 

boiler operations are that as a matter of economics most will 

phase out dependency on natural gas at a rate equal to or 

greater than that required by Docket 600. 

Special provisions in national legislation for oil- or 

gas-fired cogeneration operations should encourage considera

tion of the option in new facilities, if the federal provisions 

supercede those in Docket 600, or if the Texas requirements are 

relaxed. There clearly is reflected a national policy which 

is favorable to cogeneration. 

National Energy Conservation Policy Act 

This legislation establishes programs to conserve energy 

use in transportation and in residential and commercial settings. 

It has no direct implications for cogeneration. 

Energy Tax Act 

The Energy Tax Act of 1978 contains provisions for new 

taxes and credits that are designed to increase energy conser

vation and stimulate new energy technology. The act includes: 

residential energy credit, a gas guzzler tax, removal of the 

excise tax on buses, and changes in business investment credits. 

Title III, Changes in Business Investment Credit to 

Encourage Conservation of, or Conversion from, Oil and Gas ar to 

Encourage New Energy Technology, provides an additional ten 

percent investment credit for energy property including: 

(i) alternative energy property, (ii) solar or wind 
energy property, (iii) specially defined energy 
property, (iv) recycling equipment, (v) shale oil 
equipment, or (vi) equipment for producing natural 
gas from geopressured brine.10 
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In both the House and Senate passed versions of the bill, 

"cogeneration equipment" was included in the list. Whether 

it was purposefully excluded from the Conference Report is 

unknown, but the exclusion is believed to be an inadvertent 

omission. It is anticipated that cogeneration equipment will 

be included at the discretion of the Secretary since "specially 

defined energy property" means 

(a) a recuperator, (b) a heat wheel, (c) a regene
rator, (d) a heat exchanger, (e) a waste heat boiler, 
(f) a heat pipe, (g) an automatic energy control 
system (h) a turbulator, (i) a preheater, (j) a 
combustible gas recovery system, (k) an economizer, 
or (1) any property of a kind specified by the 
Secretary by regulations, the principal purpose 
of which is reducing the amount of energy consumed 
in any existing industrial or commercial process 
and which is installed in connection with an exist
ing industrial or commercial facility.11 

Property owned by public utilities is specifically 

excluded from the credit, so industries are those who would 

benefit. The credit is applicable only in the period beginning 

October 1, 1978 and ending on December 31, 1982. Such a 

credit for cogeneration would provide some economic incentive 

for industry to pursue that course but the extent of the 

incentive in unknown. At the hearings conducted when the bill 

was under consideration, many witnesses stated that an addi

tional credit of twenty percent, rather than ten percent, would 

be more beneficial to the goal of conservation. 

Public Utility Regulatory Policies Act 

Title I of the act, Retail Regulatory Policies for 

Electric Utilities, has as its purposes: (a) conservation by 

the end use of energy supplied by electric utilities, (b) 

optimization of the use of facilities and resources by electric 

utilities, and (c) encouragement of equitable rates for consumers. 



78 

In essence, Title I requires that each state regulatory 

authority reevaluate its present rate-making structure and 

consider alternative structures with the above purposes in 

mind. 

Title II of the act gives the Federal Energy Regulatory 

Commission . (FERC) and the Department of Energy certain new powers 

to compel electric utilities to take certain actions that will 

increase the aggregate efficiency of facilities and resources. 

The actions include: interconnection, wheeling, pooling, and 

cogeneration, and many others. 

With respect to cogeneration, the act requires 

1. That FERC establish within one year rules which 
require electric utilities to off~r to 

(a) sell electric energy to qualifying co
generation facilities and qualifying 
small power production facilities, and 

(b) purchase electric energy from such 
facilities, 

2. that the rules established shall provide that rates 
for such purchase and sale 

(a) shall be just and reasonable to the electric 
conswners of the electric utility and in the 
public interest, and 

(b) shall not discriminate against qualifying 
cogenerators or qualifying small power 
producers 

3. that no such rule shall provide for a rate 
which exceeds the incremental cost to the 
electric utility of alternative electric 
energy; 

4. that FERC submit, within one year, rules which 
exempt, in whole or in part, qualifying co
generators and small power producers from the 
Public Utility Holding Company Act and from 
State electric utility regulation; 
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5. that there be proper judicial review and 
enforcement of the above regulations.12 

A cogeneration facility for the purposes of the act is 

a facility which produces (i) electric energy, 
and (ii) steam and other forms of useful energy 
(such as heat) which are used for industrial, 
commercial, heating, or cooling purposes.13 

A "qualifying cogeneration facility" is one which meets certain 

rules set by the FERC and 

is owned by a person not primarily engaged in the 
generation or sale of electric power (other than 
electric power solely from cogeneration facilities 
or small power production facili ties).14 

Since the FERC has one year to establish its guidelines 

with respect to cogeneration, the precise impact of the 

legislation cannot be ascertained. With respect to Title I of 

the act, the Texas Public Utilities Commission has already 

undertaken a rate design study of the type mandated. Other 

proceedings are expected to be instituted in the near future. 

Summary and Conclusions 

The federal energy policies contained in these enactments 

have major general implications for Texas. They simultaneously 

discourage gas production, severely restrict the use of natural 

gas as a boiler fuel, and force high capital cost on industry, 

and thus will affect the regional distribution of economic 

activity. Such policies may also increase rather than decrease 

crude oil import requirements, in addition to expanding the 

use of coal with all that entails. 

It is clear, however, that cogeneration has received 

substantial recognition in national policy as an energy conser

vation technique. This is seen in provisions for exception to 

oil and natural gas conversion requirements, for tax incentives 
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Ci~ the Conference Report omission is rectified), and for 

facilitating changes in regulatory policies. The consequences 

are difficult to foresee, however. Much will depend upon the 

actions of the Federal Energy Regulatory Commission and state 

regulatory bodies. And it should be remembered that there 

are a host of factors bearing on cogeneration in determinations 

by industry, the major point of emphasis in the legislation, 

which are beyond the scope of national promotion. 
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B. STATE POLICY ALTERNATIVES* 

There are three alternative policy orientations toward 

co.generation which can be reflected at the state level in 

Texas: hands off, facilitation, and aggressive promotion. 

The first means giving no special attention or emphasis to 

cogeneration on the part of state agencies. The second in

volves cautious and considered steps to remove arbitrary 

obstacles and to bring industries and utilities to further 

serious consideration of the cogeneration option. The third 

requires the use of positive incentives to make cogeneration 

more attractive to industries and utilities. As background 

for assessing these alternatives the current status of co

generation in Texas will be discussed in general terms. 

Both assessment and treatment of current status rely heavily 

on information derived from visits to a number of industrial 

cogeneration facilities and a symposium on the public policy 

aspects of cogeneration held as part of the policy research 

proj~ct. 

Current Status of Cogeneration in Texas 

There is at present a substantial amount of cogeneration 

in Texas. Utility Service Company and Resource Planning 

Associates, consultants to the Texas Public Utility Commission, 

have identified 44 facilities. There is great diversity in 

size among them; electric power production capacity ranges 

from less than one to well over a hundred megawatts. Their 

total capacity is approximately 1100 megawatts. The 44 are 

believed to be about half the number of cogeneration operations 

in the state and to possess about half the power production 

* Based upon policy memorandum prepared by members of the 
Policy Research Project. 
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capacity. If this estimate is correct, approximately five 

percent of Texas' electric power production capacity is 

now in cogeneration facilities. 

Most cogeneration is at industrial locations along the 

Gulf Coast and in facilities owned and operated by firms in 

petroleum refining, petro-chemicals, and metals processing. 

The major exceptions to industrial independence are the 

involvements of Southwestern Public Service Company with 

the Celanese Corporation and the Philips Petroleum Company 

and of Houston Lighting and Power Company with the Champion 

Paper Company. Almost none of the plants with cogeneration 

facilities are self-sufficient in electric power. As far 

as can be determined, no industrial cogenerators export 

power to a utl.li ty. Thus the principal relationships 

between electric utilities and industrial cogenerators are 

in the supply of power and in backup arrangements. 

Decisions to go to cogeneration ultimately are based 

on economic considerations which in turn are governed by 

particular plant circumstances. These may vary greatly. 

A factor of major importance has been the ready availability 

of cheap fuel, perhaps produced as a by-product of the 

plant itself, as in refining or pulp and paper processing. 

Another has been patterns of process steam demand such that 

electric power production could be fitted smoothly 

into the system. Somewhat ironically, in view of the oft

expressed utility concerns about the reliability of industrial 

generating facilities, one of the largest operations in the 

state came into existence as a result of reliability problems 

with a utility. After experiencing very expensive shutdowns 

because of the loss of utility power, it was concluded that 

there was much to be gained from independence. 

Diversity and ambivalence are reported in the attitudes 

of ~exas utilities toward cogeneration and industrial co

generators. Two companies in particular, Southwestern Public 
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Service and Gulf States Utilities, are quite positive on 

both counts. The former, of course, cooperates with in

dustry in joint enterprises. The latter is developing such 

relationships in Texas and, furthermore, is encouraging 

firms in its service area that express interest in their 

own cogeneration operations. Cogeneration is viewed by 

the utility as a means to ease load pressures and to al

leviate capacity shortage problems. In contrast, some 

utilities are reported to discourage prospective industrial 

cogenerators, mainly it seems because of excess capacity 

conditions created in the conversion from natural gas which 

has involved the construction of new, large coal- and nuclear-

fired central power plants. Still other utilities appear 

to lack a clear and consistent policy toward cogeneration 

in any of its forms and thus are prone to different reactions, 

from cooperation to hostility, from case to case. 

Almost all of the industrial cogeneration facilities in 

the state have been constructed since World War II. It 

is interesting to note that the 1970s appear to have been 

the least active years for cogeneration since that time. 

And informed opinion is that now, as the decade nears an 

end, there is a distinct pause in industrial planning for 

fut}ure cogeneration. The pause is attributed to a number 

of factors, essentially those discussed in previous parts of 

the report. But two general and somewhat related problem 

sets stand out in importance. One is government regulation. 

The other is the present economics of cogeneration. 

General uncertainty about the regulatory treatment of 

cogeneration has been a factor of some consequence. A sub

stantial amount of uncertainty may be removed by clarifications 

expected in the fairly near future about the extent of Texas 

Public Utility Conunission authority over industrial cogenerators 
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and about the cogeneration features of the Public Utility 

Regulatory Policies Act. Despite uncertainty, for most 

prospective independent industrial cogenerators who do not 

anticipate the sale of power -- and almost none do -- a fear 

cf being subjected to economic regulation has not had an 

important bearing on decisions. Such fears have been a 

factor however, in consideration of large-scale joint en

terprises in which there is a flow of steam and electricity 

among several participants. 

Another aspect of government regulation whic~ has 

contributed to the pause is that affecting the availability 

of natural gas, the preferred fuel and the one used in 

almost all the existing facilities. Although exceptions 

for cogeneration were given on several occasions, the Texas 

Railroad Conunission's Docket 600, phasing out the use of 

natural gas as a boiler fuel, functioned as a restraint. 

That docket has been discontinued, but restrictions continue 

in national policy. Limits on the availability of natural 

gas have caused coal to become a major option for new or 

expanded cogeneration operations. And it is in connection with 

coal that the limits in environmental regulation come into 

play. Other environmental control and permitting processes 

appear not to be of major concern or to have major effects 

on cogeneration; they are not generally restraining and com

pliance is within the present capacities of firms sufficiently 

large to consider cogeneration. 

Under present circumstances the economic incentives 

for conversion to or expansion 6f cogeneration are weak and 

the disincentives are strong. High utility backup charges 

are a factor of some importance. More significant are the 

much larger capital costs required by coal facilities, ex

tensive portions of which are for environmental protection. 

One new and very large cogeneration operation built to use 

coal now uses oil, because it was not allowed to operate 



85 

without scrubbers. To add those would have made the project 

uneconomic. Several present cogenerators indicate that if 

the use of coal had been necessary, the facilities would not 

have been developed. They also say that if conversion to 

coal were required, cogeneration probably would not continue. 

The investment could not be justified on the basis of its 

return, and increased costs of production would put a plant 

at a competitive disadvantage, at least in the short term. 

Even the availability of assured supplies of very cheap 

natural gas in the context of generally favorable circum

stances for cogeneration may not yield the desired economic 

results. For example, one refinery recently began to 

cogenerate with gas purchased and available for several years 

hence at 18¢ per mcf. Cogeneration is saving the plant 

over $2 million a year in its electricity bill. Yet the 

cogeneration facility is falling far short of meeting the 

company's return-on-investment criteria. If the decision 

could be remade, there would be no cogeneration. 

But cheap natural gas is not a necessary prerequisite 

for cogeneration, nor is the necessary use of coal a barrier. 

At one plant visited a small cogeneration facility was being 

operated with gas purchased at approximately $2 per mcf. 

Plant personnel reported that expansion might make economic 

sense even with fuel priced at that level. The new South

western Public Service-Celanese operation uses coal and 

is expected to be successful. Although fuel availability 

and costs and levels of capital investment required, overall, 

may at present make the purchase of power the economically 

sensible course and thus discourage industrial cogeneration, 

circumstances differ so from case to case that generalizations 

may be made about the present economics of cogeneration in 

Texas only with extreme caution. 

Assessment 

Clearly it would not be wise for Texas authorities whose 
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actions may affect cogeneration decisions to ignore prospects 

for its future development. Cogeneration has much promise 

as an approach to energy conservation. There is demon

strated industry and utility interest. Finally, attention 

is mandated by the Public Utility Regulatory Policies Act 

of 1978. 

Aggressive promotion, at this point in time, does not 

seem appropriate either. A major reason is to avoid becoming 

locked into extensive dependence on a particular approach 

to alleviating energy problems in a period of flux and 
1dynamic change. Future developments in fuel supply and 

energy technology are of particular significance. As to 

the latter, cogeneration must be considered in relation to 

other investment alternatives which would have a positive 

effect on the energy situation and which are in the process 

of development. And although the value and dependability 

of existing cogeneration technologies have been established, 

it is possible that much more attractive means, especially 

for the use of coal, may come from the research and develop

ment which have been stimulated in recent years. 

Another reason for eschewing an aggressive promotional 

stance is that the economic incentives that would be necessary 

for success are not practicable or available at the state 

level. Extensive revision of rate structures to increase the 

price of electricity to industry without regard to cost in 

order to make cogeneration more attractive is clearly not 

now an option. Nor are state provisions of grants, loans, 

loan guarantees, or special tax considerations. A final 

reason is that not enough is known at present about the true 

potential for cogeneration in Texas, or about the magnitude 

of industrial steam loads and their characteristics. Nor is 

enough known about the effects that substantial conversion of 

this potential to cogeneration would have on utility rates. 
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In view of these considerations, a middle course would 

seem most sensible for the present. It would recognize that 

there may be impressive benefits to be gained from additional 

cogeneration and that state actions may influence cogeneration 

decisions. It would also recognize that many of the most 

important factions which influence those decisions are be

yond state control, and that it is at the federal policy 

level that the important determinations will be made. 

A facilitative strategy also would be sensitive to the 

risks of precipitous authoritative action under conditions 

of substantial uncertainty. Some principal points for 

consideration in framing a facilitative strategy are set 

forth below. 

Elements of a Facilitative Strategy 

The basic purpose of a facilitative strategy would be 

to clear away arbitrary barriers to cogeneration so that 

industries and utilities could make objective judgments about 

its worth and to provide modest incentives to cogenerators 

to encourage conservation practices. Based upon the infor

mation developed in Part IV and the realistic potential for 

state action, such a strategy might consist of three elements: 

establishing an appropriate regulatory context; further deve

lopment of resources for information dissemination and 

technical advice; and incorporating full consideration of 

cogeneration in utility and industrial planning. 

Regulatory Context 

The Public Utility Commission, the Railroad Commission, 

and the various authorities with environmental control re

sponsibilities are the instrumentalitiep for establishing an 

appropriate regulatory context. Probably more important for 



88 

encouraging cogeneration than the substance of regulation 

is clarity and specificity of the regulatory situation which 

cogeneration will face. Uncertainty about what regulation 

entails is as much, if not more, of an impediment than regulation 

itself. 

There are several important questions which the PUC 

needs to answer in spelling out the regulatory context for 

cogeneration. (1) To what extent will industrial co

generators be regulated as public utilities? (2) What 

rules will govern the relationship between industrial co

generators and utilities regarding the sale of surplus power, 

access to a utility's system for transportation of surplus 

power to other customers, and auxiliary power charges? 

(3) How will the various forms of third-party cogeneration 

and the complex relationships they involve be regulated? 

(4) To what extent will special economic incentives be given 

to utility and industrial cogenerators? The major issue 

which cogeneration presents for the Railroad Conunission is 

the treatment of cogeneration facilities in the allocation 

of natural gas during periods of shortage. Similarly, for 

environmental authorities, especially the Air Control Board, 

whose determinations are most critical, the question is 

whether cogeneration will be given special consideration. 

Some major options are delineated below. 

Problem Agency 

Regulation of ipdustrial TPUC 
cogeneration 

Sale of surplus TPUC 
power to utilities 

Options 

-Exempt 
-Devise minimal 
regulatory 
requirements 

-Regulate fully 

-Leave to utility 
discretion 

-Establish guide
lines 
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Problem Agency Options (cont.) 

Access to utility TPUC -Leave to utility 
grid for trans discretion 
mission to other -Establish guidelines 
purchasers 

Auxiliary power TPUC -Allow application of 
charges normal rates to co

generation 
-Establish rate structure 
which treats cogenerators 
as a special class to 
share backup capacity 

Regulation of third 
part¥ arrangemen~~ 

TPUC -Apply statutory pro
visions to the utility 
and/or subsidy in normal 
fashion 

-Establish special guide
lines 

Special incentives TPUC -None 
to cogenerators -Provide inducements 

in rate bases and schedules 

Natural gas supply 
for cogeneration 

TRRC -Give no special con
sideration 

-Give special considera
tion in curtailment 
programs 

Environr.1cntal controls TACB, etc. -Treat as other utility 
and industrial operations 

-Streamline permit 
procedures 

-To the extent possible 
issue permits based on 
net environmental gain 
concepts 

On considering regulatory problems posed by cogeneration, the 

Public Utility Conunission should be sensitive both to the 

public interest in the use of the technology and to the chilling 

effect that tight regulation might have on its further develop

ment. For industrial cogenerators who might be classified as 

public utilities, it would not be sensible at this stage to 

subject them to the full range of regulation provided in the 

statute. Their level of sales and impact on the public will be 

quite limited in the foreseeable future. However, it would 
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seem appropriate for the PUC to be informed generally about 

the level and character of cogeneration in the state. A 

sensible regulatory framework would be one which exempted 

such cogenerators from the bulk of the PUC's jurisdiction, 

but which required them to notify the PUC of the construction 

of facilities and to report periodically on aspects of their 

operations. 

In the important area of utility-industrial cogenerator 

relationship, recently enacted federal legislation appears to 

go quite far in directing state commissions to develop guide

lines in some form. It may be that the PUC has no option but 

to act. Whatever the impetus, some specification is clearly 

advisable. At this stage in the development of such relation

ships, including third party arrangements, it is not certain 

what, exactly, the problems will be. Therefore, it would be 

difficult and unwise to construct elaborate rules. From the 

standpoint of industry and utilities, probably the most impor

tant objective would be definition of the PUC's interest in 

and specific orientation to such arrangements. From the stand

point of the PUC, the most important objectives are to stay 

abreast of situations and to have a means for intervention 

when problems arise, such as arbitrariness on the part of 

utilities. 

An exception to the rule of generality may be desirable 

in the auxiliary power issue, because of its considerable effect 

on the economics of cogeneration. The specific practices of 

Texas utilities in the matter are not known. It does seem 

that there are problems, if industry complaints are to be 

given credence. If such charges are, in fact, so high 

as to discourage prospective industrial cogenerators, there 

are regulatory concepts to apply which do not violate cost

based pricing of electricity. The most attractive of these 

is to establish a cogenerator customer class and take into 
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account in setting rates the low probability that those in it 

would ever place demands on utility capacity at the same 

time. Commission initiatives in the area of auxiliary 

power charges might well have positive effects, although 

industries with interests in the matter do have opportunities 

for initiatives of their own in rate proceedings. 

It was suggested previously that extensive subsidization 

of cogeneration, or its aggressive promotion through radical 

changes in utility rates would not be a sound strategy to 

follow. However, conventional approaches to utility rates 

typically do not take into account or reward cogenerators 

for the general benefits that result in energy conservation 

and improved system capacity and reliability. How this 

might be rectified is a very complex question which cannot 

be gone into thoroughly here. Alternatives have been suggested, 

however, which are worthy of further attention by regulatory 

authorities. One example is to provide industrial cogenerators 

with a certain amount of credit toward the power they purchase 

for each kilowatt hour they produce. The rationale is that 

through their investment they provide benefits to the 

ratepayer in the form of decreased system load and in

creased system reliability. Another example is to weigh 

utility investment in cogeneration facilities more than 

investment in conventional facilities. This, in effect, 

would give utilities a greater return on cogeneration in

vestments and partially offset the revenue advantages of 

investments in large central power stations. 

The natural gas supply issue as concerns the Texas 

Railroad Commission has changed recently as a result of the 

disposition of Docket 600. But the commission retains 

an important place in the regulation of supply, especially 

during periods of emergency caused by shortages. Specifi

cation of how cogeneration facilities would be treated 

during times of shortage would add considerable clarity to 

the regulatory context. 
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Strong advocates of cogeneration sometimes urge sub

stantial relaxation of environmental controls for co

generation facilities, because of the general environ

mental benefits which they are presumed to bring. Ex

tensive relaxation at the state level is neither possible 

nor desirable. Indeed the Air Control Board has only 

limited discretion in such matters. Environmental 

controls, however, should not arbitrarily impede co

generation projects because of overly complex and lengthy 

permit processes or a failure to appreciate positive 

environmental consequences. In this regard, it has been 

suggested that decisions based upon air pollution control 

considerations to the greatest extent possible take into 

accounb the net effects of the facility. That is, it 

should be recognized that less in the way of pollution will 

issue from cogeneration than if process steam and electricity 

are produced separately. It should be understood, however, 

that such decisions are more in the hands ~f federal 

authorities than Texas officials. 

Information and Advice 

Some state agencies, notably the Texas Industrial 

Conunission, are at present disseminating information about 

cogeneration in energy conservation programs. The Public 

Utility Commission will conduct a conference on the topic 

in corning months. Continuation of such conferences will 

be a useful means for alerting smaller industrial enter

prises to cogeneration possibilities, for underscoring the 

interest of state agencies in stimulating consideration of 

the technology, and for publicizing whatever may be devel

oped in the way of regulatory framework. 

One option for the state would be to expand upon such 

informational activities and to develop a continuing tech

nical information and referral service. A technical assis

tance program is a related possibility. 
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There is an attractive alternative to building sub

stantial state agency capacity in these areas. It is to 

employ utilities themselves as promotional agents and 

sources of expertise in much the same way as they have 

been involved in residential and commercial conservation 

efforts. They have extensive expertise and the means for 

seeking out likely prospects. In most instances of in

dustrial interest in cogeneration, utilities probably 

would become involved in considerations at some point. 

Also, the most attractive prospective cogenerators, large 

industrial enterprises, are knowledgeable about cogeneration. 

They do not need state agency assistance at informational 

or technical levels. But utility cogeneration programs 

may provide a necessary spark to ignite serious con

sideration of possibilities. The means and implications 

of using utilities in this way require further consideration. 

Another element of an information and advice strategy 

is suggested by the observation that for now the best 

prospects for cogeneration are large enterprises. State 

influence would be enhanced if a selective, targeted strategy 

were followed. This would involve identification of 

potential sites, based upon factors such as steam load; then, 

if interest is expressed, PUC and TIC staff could work with 

particular industries and utilities in a facilitative manner. 

Utility and Industrial Planning 

In the final analysis, cogeneration will expand to the 

extent that utilities and industries view it in favorable 

terms. Government may have some effect but can reach only 

so far. One of the most important ways that state agencies, 

especially the PUC, may affect the future of cogeneration in 

Texas is to cause the option to receive full and serious 

consideration in long range utility and industrial planning 

processes. 

Conventional promotion of the idea would have only limited 
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immediate effects. More forceful but still reasonable means 

are available to encourage utility consideration of cogener

ation possibilities. One approach would be for the PUC 

to require periodic special reports on the potential for 

cogeneration in their various service areas. An alternative 

would be to build into the certification of new facilities 

a required showing that cogeneration options had been 

considered and found to be less desirable than that proposed. 

Either of the alternatives, in conjunction with requiring 

utilities to develop assistance programs in industrial co

generation, should have some impact on industrial planning 

processes. Whether the PUC could act directly in relation to 

prime industrial prospects is not clear at this point. 

Summary and Conclusions 

The soundest strategy which Texas state agencies could 

follow in relation to further cogeneration may be charac

terized as its facilitation. It is a strategy which recog

nizes the demonstrated potential of cogeneration as a means 

for energy conservation. But it is also one which takes into 

account the major uncertainties which play about cogeneration 

questions at the present time and the limited capacity of 

state government to affect wany of the fundamental factors 

which are involved. 

Clarification of the state regulatory context for co

generation is the centerpiece of such a strategy. In 

association with this, there are modest yet worthwhile 

incentives which ~ay be provided which stop far short of 

wholesale changes in utility regulation. Other promising 

elements of such a strategy are the provision of information 

and advice about cogeneration in quarters where there may 

be limited familiarity, and the stimulation of consideration 

of the cogeneration option in long-range industrial and 

utility planning processes. Such steps, it is believed, would 

have positive effects on the energy situation in Texas and the 

nation. 
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INTRODUCTION 

Because interest in cogeneration has been renewed 
only recently, anyone seeking information on industrial and 
utility cogeneration is likely to have difficulty locating 
sources. In order to facilitate the search for cogeneration 
literature, students in an Energy Policy Research Project 
at the Lyndon B. Johnson School of Public Affairs have 
compiled a selected annotated bibliography on the subject. 
This is a comprehensive though not exhaustive list of 
cogeneration literature which is available in Austin. 

The three comprehensive studies regarded as benchmarks 
in the cogeneration field -- the Dow Chemical Company, Thermo 
Electron, and Resource Planning Associates projects -- are 
annotated in expanded fashion. Numerous journal articles and 
other published and unpublished studies follow, ordered alpha
betically according to author. Following each citation is 
a coded reference which indicates where the source can be 
found. Following are the locations and their codes: 

1. Texas Energy Advisory Council: TEAC 
7703 North Lamar Boulevard 
475-5491 

2. Perry-Castaneda Library: PCL 
The University of Texas campus 
471-3840 

3. The Center for Energy Studies: CES 
Engineering Science Building, Room 140 
The University of Texas 
471-7792 

4. Engineering Library: UTEL 
Ernest Cockrell, Jr. Hall, Room 1.300 
The University of Texas 
471-1610 

5. Lyndon B. Johnson School of Public Affairs Library: LBJ 
Sid Richardson Hall 3 
The University of Texas 
471-4962 ex. 226 

(Many of the articles obtained for this bibliography 
by the Texas Industrial Commission have been photo
copied and placed on file in the LBJ School Library.) 

The Dow, Thermo Electron and Resource Planning 
Associates studies are of importance for all aspects of the 
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subject. Each of the other sources is evaluated at the end 
of its annotation, according to its particular value in 
relation to five aspects of cogeneration: technological, 
economic, regulatory, environmental, and institutional. They 
have been cross-referenced according to the five categories 
in a table at the end of the bibliography. 

The bibliography was edited by William T. Hagelman 
and Carol s. Tombari. Dena Gordon and Leta Murphy of the 
Texas Industrial Commission and Carol Rouse of the Center 
for Energy Studies were most helpful in identifying and 
locating source materials. 



COMPREHENSIVE STUDIES 
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Dow Chemical Company, Environmental Research Institute of 
Michigan, Townsend-Greenspan and Company, Inc., and 
Cravath, Swaine and Moore. Energy Industrial Cente£ 
Study. Midland, Mich.: Dow Chemical Company, 1975.* (LBJ) 

This report presents the findings of a study for the 
National Science Foundation of the technical, environmental, 
economic, legal and regulatory aspects of two well-known 
approaches to conserving fuel burned to produce steam. The 
first aspect is the generation of by-product electric power 
from steam generated by industry for use in manufacturing; 
the second is the supplying of steam to industry from utility 
central power stations. Estimates are developed of the extent 
nationwide to which each approach is viable economically, and 
of the corresponding reductions in capital investment and 
fuel consumption which might be realized. An assessment is 
made of the potential impacts on the electric utility industry 
and on electric rates over the next decade. Environmental 
issues to be faced in specific instances of implementation 
are identified for the pulp and paper, petroleum refining, 
and chemical industries. Attention is given to effects of 
the Federal Power Act, the Public Utility Holding Company 
Act, state regulatory patterns, anti-trust laws, environmental 
protection requirements, fuel allocation priorities, private 
law considerations, and federal income tax provisions. 

Recent changes and trends in fuel prices and electric 
energy production that may have made cogeneration more attrac
tive are discussed in the Introduction. Among those noted 
are rising fuel prices, utility financing difficulties and 
the magnitude of energy consumption of utilities and industry. 
The scope of the study is outlined. Subsequent parts examine 
the two aspects of cogeneration in four segments: (1) technical 
and industrial considerations, (2) environmental issues, (3) 
financial and economic considerations, and (4) legal and 
regulatory considerations. 

Technical and Industrial Issues 

Upper-bound estimates of the national industrial steam 
base which could be economically used to generate electric 
power are developed. In addition, estimates of the amount 
that could be supplied from dual purpose central power stations, 
together with corresponding benefits in terms of capital and 
fuel saved, are estimated. To do this, the authors construct 
a profile of the characteristics of industrial steam generation 
and make comprehensive projections of capital and operating 

* Prepared by Robert R. Down es 
NTIS No. PB-243823 



106 

cost factors over a size range for conventional power and 
steam generation facilities, as well as the two modified 
forms being studied. The study reviews recent trends in 
technical and industrial considerations. It examines the 
typical industrial and utility steam production facility. 
The authors conclude that industry is utilizing only about 
30 percent of its steam base for power generation; if the steam 
base were fully utilized, the power generated would provide 
only 55 percent of industry's electrical requirements. Addi
tional generating and condensing capacity could generate 
surplus power which could be sold to near-by utilities. 
Connecting industrial generation to a utility system need not 
create problems which could not be handled by current techno
logy, proper planning, and probably some measure of control or 
coordination of industrial generation by the utility. An 
evaluation of the 1980 projected costs indicates that industrial 
investment in by-product power facilities for their own use 
would yield a 20 percent per year or greater before-tax return 
on the investment in excess of the return for steam alone, when 
the process steam load is 400,000 pounds per hour or greater. 
This steam rate was taken as the lower limit for economic 
viability of by-product power generation. Adding incremental 
condensing power for its own use to this by-product power for 
sale would yield before-tax incremental returns in excess of 
twenty percent per year. Forty-three percent of the industrial 
steam load is generated in amounts of 400,000 pounds per hour 
or greater at single locations; if all of this were utilized 
for by-product power production, some 33,300 Mw would be 
available by 1985. An additional fifty percent of incremental 
condensing power to bring the generation level up to full 
industrial electrical requirements would bring generating 
capacity to 50,000 Mw. Further investment to produce surplus 
electricity for sale to utilities could produce a nationwide 
saving of $19 billion in capital investment and net fuel savings 
by 1985 of 1.45 quadrillion Btu. An increase in fuel costs 
of ten percent over those projected would result in a six 
percent increase in the amount of industrial power generated. 

Some of the problem areas discussed are equipment 
availability and delivery times, coal availability, air quality 
standards, individual company investment criteria and the 
attitude and policies of utility and industry Managements. 

Dual-purpose central power stations are evaluated as 
joint ventures financed by fifty percent debt, with the equity 
capital coming from the utility and industry partners in pro
portion to the capital required for separate power and steam 
facilities. Currently, twenty-three percent of the industrial 
steam load is generated in amounts of 1,000,000 pounds per 
hour or greater at single locations. This rate is taken as a 
lower limit for attracting a utility to selling steam. If all 
new coal-fired and nuclear power stations of this size becoming 
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operational in 1981 and later were dual purpose, sixteen 
percent of the industrial steam load would be supplied by 
such stations in 1985. Some of the problem areas discussed 
concerning the rate and success of implementation of dual
purpose power stations are the method and cost of replacing 
lost or contaminated condensate, the cost and energy losses 
resulting from long steam lines, necessary purchase contract 
life, space for siting, and the fact that there is little 
inherent opportunity for capital savings. 

The potential savings attributed to industrial power 
generation and to dual-purpose central power stations are not 
additive, since they depend in large degree on the same 
industrial steam base; nevertheless, net fuel savings in 1985 
for both combined could be 1.53 quadrillion Btu. 

Environmental Issues 

This section identifies some of the issues which, 
in any specific case, require more detailed examination. 
Three steam-intensive industries -- pulp and paper, petroleum 
refining, and chemicals -- are examined with respect to their 
present environmental and regulatory status and to the envir
onmental impact of increased industrial power generation. 
Consideration also is given to a specific plant location for 
each industry, the site selected to represent three environ
mental settings. 

The sale to industry of steam from dual-purpose central 
power stations does not seem to raise any new environmental 
considerations. This portion of the study therefore is devoted 
to environmental issues that might be raised by increased 
industrial generation of electric power. Industry by-product 
power generation results in a reduction of approximately 
fifty percent in emissions of air pollutants per magawatt 
generated over power plants because of higher efficiency. 
(This assumes the same level of pollution control is applied 
to each facility.) New source utility regulations are consis
tent throughout the country, whereas industrial regulations 
vary significantly with locale. However, steam generating 
combustion facility regulations are similar for all areas 
having sulfur oxides, nitric oxide, and particulate air pollu
tion problems. The thermal discharge present at utility steam 
generation plants is generally not present at industrial steam 
generation facilities. The study found the above information 
to represent the general situation on a broad geographic basis. 
Because conditions for individual plants vary, several individual 
cases are considered with different variables. 

Economic and Financial Considerations 

This section deals with the structure and characteristics 
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of the investor-owned electric utility industry. An extensive 
economic model of the industry is developed and used to esti
mate future electric rates and the condition of the electric 
utility industry under several situations. The situations 
include continuation of the status quo and, alternatively, 
extensive implementation of industrial power generation or 
dual-purpose central power stations. 

The investor-owned electric utility industry faces 
serious economic and financial problems, stemming from the 
fact that electric rates have not kept pace with the costs of 
fuel, plant construction, and capital. The most serious 
problem, the shortage of capital, is considered in detail. 
Traditional electric utilities finance a large portion of 
development externally. As a solution, this study considers 
(1) increasing the amount of electricity generated by industry 
with the possible sale of the surplus to a utility, and (2) 
dual-purpose central power stations which supply both steam 
and electricity. 

Four cases are examined by this method and are 
compared with a status quo case: (A) industrial generation 
for use only; (B) industrial generation for own use, plus sale 
to utilities; (C) joint venture dual-purpose central power 
stations; and (D) combined implementation of industrial power 
generation and dual-purpose central power stations. The 
principal economic and financial benefits are (1) national 
savings in labor, capital and fuel used; (2) reduction in the 
utilities' requirements for capital raised in the financial 
markets; and (3) reduced consumer costs of electricity. 
Savings in the nation's capital requirements to generate 
electricity vary from $2 billion per year in case A to $5 
billion per year in case D. Customers of investor-owned 
electric utilities will pay less for electricity because of 
the saving in capital, labor and fuel. In the base case, 
electric rates remain about the same between 1976 and 1985, 
stated in terms of 1973 prices. In the by-product and joint
venture cases, they decline appreciably. The consumer savings 
in the study do not include the effect of the lower rates of 
return on capital that are possible when external financial 
demands are reduced. They also do not account fo the fact 
that consumers use more electricity at lower rates. Thus, the 
consumer savings computed here reflect only one of the three 
sources of savings. 

Legal and Regulatory Issues 

This section centers on the sale of electricity to a 
utility by industry and on industry/utility joint ventures 
to own and operate dual-purpose central power stations. Possible 
constraints or disincentives to such ventures were identified 
as they might arise from federal regul~tory jurisdiction, state 
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considerations, fuel allocation priorities, private law 
considerations, and federal income tax consequences. 

To simplify discussion, the authors assumed that 
industrial participation takes two forms: (1) industry 
generates electricity incident to its production of process 
steam and sells the excess electricity to a public utility 
under a long-term power sale contract; and (2) the industry 
and the public utility jointly invest in a facility which 
produces and sells them steam and power. 

There is little guidance in the Federal Power Act as 
to whether ventures such as those above will be subject to 
FPC jurisdiction. The study concludes that the FPC has no 
direct jurisdiction over the industrial firm participating 
in the joint venture, in either the model one or model two 
form. But the FPC may have jurisdiction over the transaction 
if it affects the "just and reasonable" price the utility 
charges its customers. In model two, the joint venture may 
be regarded as an integral facility in a business that is 
subject to FPC jurisdiction or regulation. If the model two 
joint venture is a public utility under the Act, the FPC would 
have jurisdiction to review the cost to the utility partner 
of energy acquired from the joint venture. 

The study then examined the Public Utility Holding 
Company Act (PUHCA). This was enacted to eliminate the 
speculative abuses believed to be implicit in holding company 
structures. However, it generally does not apply where a 
participant in the venture operates the generating assets 
directly. Model two seems likely to be regarded as an 
electric utility under the Act, since a substantial portion 
of its business is that of providing one of its parents with 
electricity for distribution to the public. 

The study then examines state regulatory policies. 
Many state statutes granting jurisdiction to state regulatory 
commissions limit their jurisdiction to regulation of "public 
utilities,'' i.e., companies that own or operate facilities to 
supply electricity to the public or for public use. Whether 
model one is covered depends upon varying state interpretations, 
which are examined. In states where an industrial firm which 
generates energy for sale to a public utility is regarded as 
a public utility, the state corrunission has authority to 
regulate the price the firm charges for electricity sold under 
a long-term power sale contract. 

According to the study, neither the model one nor model 
two venture appears to raise unavoidable antitrust problems 
under the Sherman or Clayton Act. Neither form of the venture 
would adversely affect competition, since the two participants 
are not potential competitors within the meaning of current 
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decisional law. Also, the arrangement under either model 
seems unlikely to involve price discrimination prohibited 
by the Robinson-Patman Act. 

Regulations issued by the Federal Energy Administra
tion under the Emergency Petroleum Allocation Act of 1973 
establish a first priority in allocations of residual fuel 
oil to agriculture, space heating and utilities (i.e., 
facilities that generate electricity by any means for sale 
to the public). Model one generating companies probably 
would not be regarded as public utilities. Model two joint 
ventures might be treated as utilities and thus receive 
priority in fuel allocation. Industrial users are a second 
priority use. 

Corporate charters, by-laws and outstanding indentures 
commonly restrict the issuance of additional long-term debt 
and preferred stock. Such restrictions could limit the ability 
of a utility to participate in a model two venture. The 
private law limitations on the issuance of additional utility 
debt become important as the ability of conunon stock financing 
is eroded. 

The study also considers the effect of the Tax 
Reduction Act of 1975 on the various models. It was found to 
aid both model one and two in providing investment tax credits. 

The final part of this section is an analysis of the 
various different legal forms of joint ventures and the 
various advantages and disadvantages of each. Also discussed 
are changes in the laws of joint ventures and taxes that 
might aid cogeneration implementation. 
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Thermo Electron Corporation. A Study of Inplant Electric 
Power Generation in the Chemical, Petroleum Refining, 
and Paper and Pulp Industries. Waltham, Mass.: Thermo 
Electron Corporation, 1976.* (CES) 

This comprehensive report, prepared for the Federal 
Energy Administration, offers a detailed discussion of the 
potential for increased inplant electric power generation 
(inplant cogeneration) using steam turbine, gas turbine, and 
diesel topping cycles as well as steam and organic bottoming 
cycles. The study focuses on three major U.S. industries, 
chemical, petroleum refining, and paper and pulp. It is 
frequently cited by authorities as one of three definitive 
studies in the area of inplant electric power generation. 

Potential for Inplant Power Generation 

The authors note that, on the national level, inplant 
generation declined from fifteen percent in 1950 to five 
percent in 1973 of total electric generation in the United 
States. This is attributed to the introduction of economi
cally priced oil and natural gas burning boilers into the 
market and the reduction in price of utility-generated power 
at centralized stations. However, recent increases in fuel 
costs and other power generating processes require a reevalu
ation of the economics of central station generation. 
According to the study, only a fraction of the potential 
energy that could be generated inplant is currently being 
produced. Furthermore, more widespread implementation of 
steam turbine, gas turbine, and diesel topping cycles yield, 
respectively, fuel savings of 550,000 bbls oil/day, 1,500,000 
bbls oil/day, and 2,200,000 bbls oil/day. 

The primary economic obstacle to implementation of 
fuel-saving inplant cogeneration is the classification of 
capital investments for such ventures as ancillary investments, 
which characteristically require a higher return on investment 
(ROI) than product-oriented investment. In order to enhance 
the implementation of inplant generation by the three selected 
industries, certain ROI thresholds (based on national averages 
for each of the industries) would have to be attainable. In 
the chemical industry, a fifteen percent ROI is necessary; in 
the petroleum refining industry, sixteen percent is required; 
and in the paper and pulp industry, the threshold figure is 
fifteen percent ROI. For utilities, the authors report that 
a thirteen percent ROI would be necessary to stimulate signi
ficant inplant generation investment. The study concludes that 

*Prepared by Henry Sepulveda 
Thermo Reference No.: TE 5429-97-76 
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government incentives, such as instituting changes in 
investment tax policies and guaranteed government loans up 
to fifty percent of the initial cost of the capital invest
ment, would make these threshold figures more accessible and, 
thus promote these desirable fuel conservation measures. 

A discussion of various business arrangements between 
utilities and interested industries involving ownership and 
operation of generating facilities and capital outlays is 
also provided. This discussion concentrates on the potential 
costs and benefits to the cogeneration partners. 

Technological Considerations 

The potential for inplant generation depends on the 
topping cycle used by the industry or utility. The authors 
claim that steam turbine topping results in the lowest heat 
rate for incremental fuel requirement per unit of generated 
power. This process also yields a low quantity of electric 
power per unit of process steam. A superior power-to-steam 
ratio can be derived through the use of gas turbine topping 
cycles. Steam turbine topping has the added advantage of its 
suitability for use of coal. Gas turbine and diesel topping 
cycles, on the other hand, continue to require liquid or 
gaseous petroleum fuels. Diesel topping also has the worst 
potential yield of undesirable emissions. 

The current energy practices and conservation potential 
for each of the three industries is chronicled in great detail 
with a plethora of tables and charts. The paper and pulp 
industry, by using wood bark and other wood waste products, 
is found to currently provide fifty-five to sixty percent of 
its electrical needs by inplant generation. The maximum fuel 
savings potential lies with the chemical industry. 

Although implementation of steam turbine topping can 
produce significant amounts of power, there are relatively 
few opportunities for export by those industries with such 
electrical excesses except in the southwestern region of the 
United States (with utility ownership of generating facilities 
on industrial sites). 

Barriers to Implementation of Inplant Generation 

The authors write that no major technological or 
operational barriers to increased inplant generation exist, 
especially in the case of steam turbine topping cycles. 
Moderate amounts of training and licensing of personnel may 
be required for the implementation of coal-fired boilers. 

Non-technical barriers seem to be more troublesome 
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than technological concerns. The authors interviewed several 
utilities nationwide and found mixed views toward inplant 
generation. Several innovative utility-industry energy
sharing associations are described for those utilities that 
are interested in the concept of increased fuel efficiency. 
Some of these arrangements include: 

1. Combined generation facilities: The utility owns 
and operates the generating facilities on 
industry's premises. The industry purchases 
electricity and by-product steam at contract 
prices. 

2. Industrial parks: Utility generating facilities 
are located near industries s0 that interested 
industries may purchaseby-productsteam. 

3. Industrial sale of excess electricity: The 
utility purchases the industry's by-product 
electricity with exchanges of process steam. 

The study notes that the extent to which industries 
and utilities will be subject to federal and/or state 
regulation will be contingent on the business agreement under 
which the generation will be conducted. The regulation of 
rates for the sale of electricity between the cogeneration 
partners appears inescapable without explicit exemptions by 
the regulatory authorities. 

Regulated cogeneration arrangements will be subject 
to strict accounting, financing, and service-maintenance 
standards of the federal (Department of Energy, Federal Energy 
Regulatory Conunission) and state regulatory bodies. Other 
implications of the regulatory jurisdiction are also summarized. 

Conclusions 

The report concludes that inplant cogeneration will: 

a) significantly contribute toward the national 
energy conservation interests; 

b) lower consumer costs for electrical power by 
reducing generating costs; 

c) promote decreased dependence on foreign petroleum 
products through increased fuel utilization; 

d) provide greater reliability of power by promoting 
a multi-source system of electricity as opposed 
to a centralized system (national security interests); 

e) provide for less atmospheric damage through a 
reduction in the amount of fuel expended. 
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Reconunendations 

Toward these energy objectives, the authors recommend: 
(1) a program of federally guaranteed loans to industry and 
leasing companies up to one-half of the required investment 
over a twenty year period; (2) additional tax incentives to 
interested industries and utilities; (3) definitive juris
dictional statements from federal and state regulatory agencies 
regarding inplant generation; (4) a federally sponsored program 
of demonstration projects by the DOE and ERDA for planning, 
design, construction, implementation and sales of inplant 
generation; (5) a reassessment of natural gas and residual 
fuel oils regulation; and (6) a federally sponsored program 
of coordinated information dissemination on implant generation. 
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Resource Planning Associates. The Potential for Cogeneration 
Development in Six Major Industries. Cambridge, Mass.: 
RPA, 1977.* (LBJ) 

The analysis was prepared for the Off ice of Conserva
tion and Solar Applications of the U.S. Department of Energy. 
The introduction deals with the general background of the 
technical, economic, environmental, regulatory, and institu
tional barriers to cogeneration. As a result of the signifi
cant energy savings potential and the possible importance of 
barriers over which the federal government has partial or 
complete control, this report attempts to assess constraints 
on the development of cogeneration, and to identify cost
effective government actions that could significantly increase 
industrial investment in cogeneration plants where cogeneration 
is technically and economically feasible. The four analytic 
boundaries set for the study focus on the industrial ownership/ 
investment decision process, the use of decision-making 
factors that actually affect the cogeneration investment 
decision, the use of only industrially proven technologies, 
and the use of a time frame consistent with national energy 
conservation policy. 

The introduction further discusses the scope of the 
study by identifying and evaluating government actions that 
could be taken to increase cogeneration development. The 
industries studied are chemical, petroleum refining, pulp and 
paper, steel, food processing and textiles. The steam topping 
process is focused on since 60-70 percent of the potential 
development is in this area. Direct process heat topping 
applications are estimated at 20-30 percent of the total 
potential cogeneration development, and applications using 
process waste heat to drive Rankine (turbine) cycles are 
estimated at less than 10 percent of the potential development. 

After developing some understanding of total 
industrial cogeneration potential, this study attempts to 
determine how much is technically and economically feasible 
by 1985 both without and with government action. The analysis 
indicates that in the six focus industries, government action 
could almost double cogeneration activity by 1985 as 
would normally occur. This would result in a gross savings 
of 80-300 trillion Btu per year (or 40-140 thousand BPDE) , 
depending on the range of federal economic and regulatory 
measures implemented. The introduction also includes charts 
and tables relevant to the subjects discussed. 

*Prepared by Scott Mann 
RPA Reference No.: RA-77-1018 
Contract No.: CR-04-60172-00 
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Cogeneration Development \1ithout Government Action 

New energy economics will have the effect of more 
than doubling the current level of industrial cogeneration 
without any special government action. It is estimated that 
1,700 trillion Btu of process steam and almost 80 billion 
kilowatt hours (Kwh) of electric energy are likely to be 
cogenerated by 1985 in the six industries studied. The 
electrical output represents about 10,000 megawatts of 
cogeneration capacity, compared to a current level of somewhat 
more than 4,000 megawatts. This chapter defines the three 
areas of market potential and projects the amount of total 
steam which will be demanded by each industry in 1985. Of 
the roughly 3,500 trillion Btu of technically suitable steam 
in demand, almost 70 percent corresponds to capital investment 
conditions that are unattractive to the industries examined. 
In total, the most economically attractive cogeneration 
configurations for this supply of steam would provide approxi
mately an additional 6,000 megawatts of capacity by 1985. 

Stearn unsuitable for capital investment consideration 
includes steam already consumed in power plants, technical 
constraints that limit the amount of steam supplied by a 
(baseload) cogeneration plant, and nontechnical factors 
involving anticipated declining demand and steam/electric 
ratios. 

Capital investment constraints to cogeneration are 
also considered. There are two reasons why so much potential 
cogeneration is financially unattractive. The first is that 
cogeneration investments of ten do not meet the normal return 
on investment criteria of the industries. The other is that 
there are uncertainties and risks associated with cogeneration 
plant investments such as uncertainty over fuel price and 
availability, environmental standards, and government regula
tion. This chapter includes charts and a table relevant to 
the subject discussed. 

Cogeneration Development With Government Action 

The analysis indicates that properly directed 
government programs could stimulate the development of 300 
to 900 trillion Btu of process steam cogeneration by 1985. 
Development of this potential, together with that existing 
in 1976, plus that which would develop without government 
action, could result in the development of about 65 percent 
of the 3,500 trillion Btu which would be technically suitable 
by 1985. 

Certain present actions that can be undertaken by 
the federal government to stimulate the development of 
industrial cogeneration prior to 1985 are also reviewed. 
Financial incentives could be provided in the form of a 30 
percent investment tax credit (ITC), a 12-year depreciation 
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option, or government loan guarantees. On the regulatory 
side, the government could offer flat rates for electrical 
power or relax sulfur dioxide emission standards. Four 
additional actions which are more efficient but not as 
effective also are discussed. Each action is analyzed in 
terms of its impact on cogeneration development, energy 
savings, and the cost of the action to the government in 
terms of lost revenue. Certain actions are analyzed quali
tatively in terms of their impact on cogeneration development, 
the cost of the action, and other impacts on the industry 
which are not directly related. These actions include (1) 
the establishment of time-of-use electric rates for industry, 
(2) clarification of FERC and PUC jurisdiction over the sale 
of cogenerated power, (3) intervention in state regulatory 
proceedings, (4) technical assistance and policy studies for 
state PUCs, (5) a federal information clearinghouse, (6) 
antitrust exemption for joint ventures, (7) exemptions from 
mandatory coal conversion, (8) support for demonstration 
projects and technical assistance, and (9) operator training 
grants. 

After evaluating the separate actions, the chapter 
considers government programs which could stimulate industrial 
cogeneration development prior to 1985 and beyond. The incre
mental cogeneration capacity developed as a result of the six 
programs examined, including a range of financial and regula
tory incentives, was from 2,000 ~,: to 6,000 Mw. The programs 
would stimulate development of process steam by 1985 in 
amounts up to 300 trillion Btu. In general, the chapter 
concludes that relatively little cogeneration capacity will 
result from stimulation by government programs primarily as 
a result of the risk-adjusted ROI hurdle rate. Charts and 
graphs offer additional explanation. 

The Critical Need to Examine Utility Involvement 
in Cogeneration 

This chapter evaluates the disadvantages of industrial 
cogeneration as viewed by both industry and utility management, 
and the advantages of utility involvement in cogeneration. 
In summary, most of the industrial and utility concerns would 
be eliminated or greatly negated under utility ownership, 
joint ownership, or a third-party ownership arrangement. From 
the industrial viewpoint, the fear of regulation of the manu
facturing company would be eliminated. Also, certain cogenera
tion investment could make economic sense for a regulated 
utility (at a 7-10 percent return) but not for an industrial 
company. Charts and graphs follow this chapter for additional 
explanation. 

Appendix A: Topping Cycle Cogeneration Plants 

This part describes cogeneration plants in which the 
energy is used to generate electricity before use in an 
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industrial process. This is called a topping cycle appli
cation. Cogeneration can be accomplished through use of 
industrial process waste heat in waste heat boilers for 
steam or organic Rankine cycles. These applications are 
bottoming cycles, i.e., energy is produced from waste heat. 

Appendix B: Development of Steam Technically Suitable for 
Cogeneration 

To develop steam technically suitable for cogenera
tion, it is necessary to determine for each industry the 
characteristics of steam supply and demand, the amounts of 
steam supply and demand within each industry for 1976 and 
1985, and certain technical factors affecting cogeneration 
potential in the retrofit and new development market. This 
section also includes steam utilization flow charts for the 
industries studied. 

Appendix C: Return on Investment Analysis 

This section analyses the after-tax discounted cash 
flow ROI as the primary measure for evaluating the financial 
attractiveness of cogeneration plants. The ROI is based on 
the alternative considerations of generation of process 
steam in low-pressure boilers and the purchase of electric 
energy. This is compared with the installation of a 
cogeneration plant capable of producing an equivalent amount 
of process steam and electric energy. Here the return on 
investment analysis consists of two distinct elements, net 
investment and net economic benefits. A series of detailed 
charts carefully detail these relationships. 

Appendix D: Incremental Cogeneration Development: Methodology 
and Results 

Using an analysis of the effect of the 30 percent 
investment tax credit on the mid-term market in the chemical 
industry, RPA determines incremental development as the 
result of a government action or program for each cogeneration 
technology. Exhibits surrunarize for each industry the net 
electric energy output produced and the electric capacity of 
each cogeneration plant type considered. 

Appendix E: Government Costs of Cogeneration Incentives: 
1978-1985 

This section studies economic effects of cogeneration 
on the government's net lost tax revenue and administrative 
costs required as a result of each action. It also treats 
industrial candidates' benefits -- including tax credits and 
increased income tax liability during the economic life of 
the cogeneration plant -- because of greater profits. 
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Appendix F: Calculation of Fuel Savings 

This appendix describes a method of estimating energy 
savings in each industry. The steps taken to arrive at a 
conclusion that energy savings from cogeneration development 
will be greater for oil than for coal or natural gas, were 
based on (1) regional disaggregation, (2) estimated reductions 
in capacity utilization, (3) estimated decreases in utility 
fuel consumption, and (4) the calculation of the energy 
savings. The Net Annual Energy Savings in 1985 by industry 
through government stimulated cogeneration is reflected in 
exhibit F-3. 
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1. Barnes, Richard W. "History of The Nuclear Cogeneration Project 
at Midland, Michigan." In Workshop Proceedings: Dual 
Energy Use Systems; Yarmouth, Maine, September 19-23, 
1977, pp. 105-112. Edited by Deborah A. Dougherty. 
Palo Alto: Electric Power Research Institute, 1978. (LBJ) 

In 1967 Dow Chemical Company and Consumers Power Company 
announced plans to build a joint nuclear cogeneration project 
at Midland, Michigan. Initial estimates were that the plant 
would be in operation by 1975. Completion is now expected in 
1982. This article discusses the reasons for the delays and 
the subsequent increase in cost from $350 million to $1.8 billion. 

While an application for a construction license was 
pending approval by the Atomic Energy Conunission, President 
Nixon signed the National Environmental Protection Act (NEPA). 
It took nearly a year and a half for an environmental impact 
statement to be compiled and approved. In the meanwhile, the 
AEC issued new environmental regulations, so the process had 
to be begun again. Various lawsuits ensued by groups against 
the plant who wanted AEC approval rescinded. Once legal matters 
were ironed out and construction was ready to proceed, the 
economy was in the 1974 recession and the parties wanted to 
reconsider the project. Expected completion is now March 1982. 

Emphases: regulatory, environmental 

~. "qattles, Donald. "Cogeneration: Is It Technically and 
Economically Feasible?" Building Systems Design 75, 
no. 3 (April-May 1978): 15-22. (UTEL) 

This is the outline of a talk given by the author; thus, 
it is superficial. However, it delineates barriers to wide
spread use of cogeneration and provides a useful checklist: 
four technical, eight economic, three environmental, two 
regulatory, and three institutional barriers are listed. 
The author feels that cogeneration is economically feasible 
when electric rates are high. The greatest near-term potential 
lies in the topping, or front-end, cycle; the potential of 
the bottoming cycle will increase as fuel costs rise. Aside 
from the direction for future study it provides through the 
lists and a depiction of the difference between topping and 
bottoming cycles, this article is very sketchy. 

Emphasis: none 

3. Bierenbaum, H.S., Looney, Quentin, Rohere, Jr., Wesley M. 
"A Comparative Study of Energy Use In Two U.S. 
Breweries." Electric Power Research Institute Address, 
19 7 7 , 4 7 - 5 6 . (LBJ ) 
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This study was initiated to demonstrate the methodology 
and practical benefits associated with the development of a 
management information system for energy use in an industrial 
plant and to determine the corrunonality of energy use patterns 
between two industrial facilities which appear, on the surface, 
to be similar. The major conclusions were: 

(1) An energy information system which gives management 
enough reliable information to identify and evaluate energy 
conservation opportunities can be effectively developed and 
maintained by plant personnel through the Energy Analysis 
and Information System Workbook. 

(2) A wide variety of energy use patterns exists even 
among industrial plants which appear quite similar to the 
outside observer. Thus, energy conservation opportunities 
and energy use standards which apply to one plant may be 
entirely inappropriate to another, and individual plants must 
be treated as unique facilities. Also use patterns and energy 
conservation opportunities are identified for each brewery and 
are described and compared. 

Emphasis: economic 

4. Boiko, Karen R. "Weyco's Springfield, Ore. Mill Leads the 
Way in Corrununity Cogeneration." Paper Trade Journal 
(September 15, 1977): 33-34. (LBJ) 

"Colocation" is the interchange of electrical power and 
steam between an industrial concern and a public utility. This 
article discusses a project built by the Eugene (Ore.) Water & 
Electric Board (EWEB) at a cost of $7.2 million. Weyerhauser 
operates the plant; EWEB pays operating expenses and purchases 
power according to the terms of a 25-year lease. The turbine, 
capable of producing 50,000 kw, is currently making about 
26,000 kw per hour. EWEB is selling to three California 
cities at 2¢/kw. Before the turbine was installed, steam had 
been wasted because a valve was used to reduce pressures down 
from the level at which it was generated to the level required 
by the process. As a result, this plant cost about $140/kw 
versus $800/kw for a new nuclear- or coal-fired plant. This 
article discusses other similar operations and HR8444 which 
contains a number of both regulatory and tax provisions 
regarding cogeneration. Under the utility program portion of 
the bill as written by the House, rules will be established 
under which utilities may be required to buy from industrial 
sources power generated beyond the industrial firm's own needs. 
Utilities must also supply back-up power to "qualified" 
cogeneration facilities at nondiscriminatory rates, and must 
make available distribution and transmission lines for 
industrial power. 
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Emphases: institutional, economic 

5. Bos, Peter G. "The Key to Cogeneration Development: A 
Cooperative Industry-Government Effort." In Energy 
Technology V: Challenges to Technology. Proceedings 
of the Fifth Energy Technology Conference, pp. 933-944. 
Edited by Dr. Richard F. Hill. Washington, D.C.: 
Government Institutes, Inc., 1978. (CES) 

This paper, by one of the Dow study participants, 
explores the reasons that the use of cogeneration is on the 
decline in the U.S. The reasons lie in a number of technical, 
economic, regulatory, and institutional constraints to the 
development and use of the process in plants. The author 
argues that industrial companies, electrical utilities, and 
state and federal government policymakers can do a great deal 
to eliminate or minimize these constraints relatively quickly; 
furthermore, they can achieve significant dollar and energy 
savings in doing so. Bos points out the significant energy 
savings potential from cogeneration; he reviews how cogeneration 
can serve the interests of industry, electric utilities and 
government; he discusses the key technical, economic, regula
tory, and institutional constraints; and he sununarizes the key 
cooperative efforts required. 

Emphases: economic, regulatory, technological 

6. Brown, Byron R. "Cogeneration." In Workshop Proceedings: Dual 
Energy Use Systems: Yarmouth, Maine, September 19-23, 
1977, pp. 97-103. Edited by Deborah A. Dougherty, 
Palo Alto: Electric Power Research Institute, 1978. 
(LBJ) 

This is a very brief discussion of the technical and 
economic implications of cogeneration systems. It also 
briefly mentions regulatory and institutional barriers. It 
has nothing to add that is not covered by any of the major 
published reports on cogeneration. 

Emphasis: none 

7. Casten, Thomas R. "On-Site Generation of Electricity: An 
Idea Whose Time Has Corne." In Proceedings of the 
Third Annual UMR-MEC Conference on Energy: Energy 
Crisis, An Evaluation of Our Resource Potential. 
Edited by J. D. Morgan. North Hollywood, Calif. : 
Western Periodicals Company, 1977. (LBJ) 

This article traces the history of total energy, or any 
plant that reclaims some of the low grade by-product heat of 
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the prime mover. Discussed are how and where on-site 
generation is feasible, future projections, impacts, costs, 
and size limits. 

Emphasis: economic 

8. "CES Seminar Focuses on Co-Generation, Power Rates, and 
Economics." Power (August 1977) : 29-31. (LBJ) 

This article gives three different definitions of co
generation. It provides examples of attitudinal barriers 
faced by utilities and companies. Also explored are the 
problems that firms face vis-a-vis present electric power 
rates. It closes with a discussion of purchases of used 
equipment. 

Emphasis: institutional 

9. "Cogeneration: A concept that holds great advantages as well 
as some very real liabilities for both industry and 
the utilities, depending upon how it is implemented." 
Power Engineering 82, no. 3 (March 1978): 34-42. (UTEL) 

This article describes five basic cogeneration systems 
in fairly comprehensible fashion and includes discussion of 
the problems and advantages of each, from an institutional 
viewpoint. Only 1/6 of the potential for cogeneration will 
be used, due to technical, institutional and financial con
straints. The author discusses these briefly. The single 
largest non-technical barrier may be the fear of regulation; 
furthermore, cogeneration in some instances may violate current 
antitrust laws. This is a good introductory article; it provides 
a broad view of the horizon, yet it manages to explore some 
issues more deeply. 

Emphases: institutional, technological, economic 

10. "Co-generation: More Hope Than Promise." Factory Management 
(July 1977) : 29-31. (LBJ) 

Incentives from Carter's National Energy Plan are listed. 
Economics and engineering are the controlling factors in making 
cogeneration work, not technology. Industrial facility 
clusters are cited as the most beneficial application of co
generation. The article lists industries' reservations about 
cogeneration and raises six questions about its workability 
as cogeneration is outlined in the National Energy Plan. 
The article also looks at advantages and disadvantages of 
cogeneration for utilities. 

Emphases: institutional, regulatory, economic 
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11. Commoner, Barry. "The Solar Transition." Environment 20, 
no. 3 (April 1978): 6-14. (CES) 

The author proposes a plan to make solar energy feasible 
commercially, given federal government support. He argues 
that during the transition phase to solar energy, existing 
energy-using devices which are incompatible with a solar 
source must be replaced with devices that can be operated on 
either conventional or solar energy sources. He recommends 
cogeneration. The article also includes a short paper by 
Robert Scott (Center for the Biology of Natural Systems at 
Washington University in St. Louis), "An Economic Comparison 
of Three Technologies: Photovoltaics, Nuclear Power, & Co
Generation Engines." This paper promotes use of a small auto 
engine which can produce heat and electricity. The example 
discussed is designed by Fiat and is more efficient than a 
single purpose device (such as a conventional gas furnace). 
The author calculates economic characteristics for a ten-year 
period. 

Emphasis: economic 

12. Comtois, Wilfred H. "What Is The True Cost Of Electric Power 
From A Cogeneration Plant?" Combustion (September 1978): 
8-14. (LBJ) 

After a brief discussion of cogeneration technology, this 
article takes a skeptical look at the economic advantages of 
cogeneration. The author expresses concern over the allocation 
of costs involved in producing both energy and steam and warns 
against utility subsidization of industrial process steam. 
Also discussed are the different costs of output when the 
plant is built with public instead of private financing. 

Emphases: economic, technological 

13. "CPI, Utilities Steamed Up Over Power." Chemical Week 120, 
no. 2 4 (June 15, 19 77) : 95-9 6. ( PCL) 

Cogeneration of steam and power will not occur more 
frequently unless industries and utilities can find a way to 
coexist peacefully and economically. Utilities want to 
control operations to ensure reliability of service to 
customers, but industry is fearful that such control will 
place their energy supply at the mercy of regulators. Incen
tives for cogeneration, such as proposed legislation exempting 
industrial cogenerators from federal and state public utility 
regulations, are examined. 

Emphases: institutional, regulatory 
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14. Crawford, E. "Cogeneration Plant in Engineering Stage." 
Energy User News 3, no. 14 (April 3, 1978): 7. (TEAC) 

Plans by Union Carbide, Amoco Oil, Monsanto, and 
Community Public Service Co. to jointly construct a $500 
million coal-or-lignite fired cogeneration plant in Texas 
City are described. Plans are in the engineering stage. The 
plant is expected to begin production in 1983. Prospective 
fuel sources include Texas lignite, western coal, and Illinois 
coal (lignite is the leading contender). Ownership shares 
of the steam available per hour will be based on the quantity 
of steam each user will require. 

Emphasis: institutional 

15. Decker, Gerald R. "Power Plant Design Considerations for 
Energy Conservation." In Proceedings of the American 
Power Conference, 1976: 785-792. (UTEL) 

This article is based on a June 1975 report entitled 
Energy Industrial Center Study prepared by Dow for the 
National Science Foundation. The article explores: (1) the 
generation of by-product electric power by industry for use 
in manufacturing, and (2) the supplying of steam to industry 
from utility central power stations. Both technical and 
economic aspects are explored. The conclusion is that both 
methods of joint generation of industrial process steam and 
electrical power offer distinct advantages in terms of fuel 
conservation, lower transmission losses, and less capital 
investment, and that this energy measure will become 
increasingly significant as fuel costs increase and capital 
becomes less available. The author adds that in his judgment 
industrial production of its own steam and power would be 
more feasible since it would involve fewer coordination and 
utility regulation problems. 

Emphases: technological, economic 

16. Dittrich, Richard F. and Allon, K.O. "PSE and Cogeneration 
Evaluation." In Workshop Proceedings: Dual Energy 
Use Systems: Yarmouth, Maine, September 19-23, 1977, 
pp. 113-124. Edited by Deborah A. Dougherty. Palo 
Alto: Electric Power Research Institute, 1978. (LBJ) 

This article presents preliminary results from a study 
conducted by Public Service Electric and Gas Company of 
Newark, New Jersey on the potential for cogeneration in the 
industrial sector of their business. PSE&G conducted in 
depth studies into the electrical and steam requirements of 
180 industrial installations. They then conducted an in 
depth study on the 18 largest customers who qualified with a 
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minimum steam use of 100,000 lb/hr for 500 hr/yr or more. 
PSE&G then completed a system expansion evaluation and a 
site specific evaluation for each plant. 

The results of the system expansion evaluation were 
that a massive cogeneration effort would postpone the need 
for construction of a number of nuclear plants by one to 
two years, but would not eliminate their eventual need. 
This would be at an economic penalty to the utility and 
would result in the increased dependence on oil as a boiler 
fuel which is contrary to national policy. 

The site specific evaluation showed results ranging 
from a saving in total energy costs of 6 percent to a loss 
of 3 percent. This was based on a 25-year life expectancy 
for the cogeneration systems of 10 Mw and 20 Mw capacity. 

PSE&G also initiated visits to potential cogenerators 
to access their willingness to cogenerate and the results 
of the visits are included in the report. 

Emphases: economic, institutional 

17. Drewry, Kenneth A. and Gordon, Donald H. "Co-generation: A 
A New Term for an Old Concept." Electrical Forum 3, 
no . 3 (19 7 7 ) : 13 -15 . (LBJ) 

This article first discusses the economic benefits of 
cogeneration, stating that it increases the efficiency of 
energy utilization. Secondly, it is emphasized that there 
is adequate technology to implement the concept. Since the 
1950s, 350 units of all types of cogeneration configurations 
by General Electric, 5000 kw and larger, have been supplied 
for cogeneration applications. In the last 15 years, approxi
mately 3 million kw of these cogeneration turbines have been 
placed in service worldwide. In terms of GE turbine design, 
the building-block approach is used in manufacturing these 
systems to permit the manufacturing of custom-built units 
while using operationally proven components. Nine examples 
of cogeneration are cited, with some detail regarding each. 
Several policy initiatives for implementing cogeneration are 
listed: increased tax incentives, federal guarantees or 
allowances, new environmental standards, and regulatory changes. 

Emphases: technological, economic, institutional 

18. Ebasco Services Incorporated. "Tri-generation: A Concept 
Which Integrates Gasification With Cogeneration All 
Coal-Based." Combustion (September 1978): 38-45. (LBJ) 

Tri-generation is the integration of coal gasification 
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technology with cogeneration. According to the authors, 
tri-generation results in the development of optimum thermal 
cycles, consolidation of pollution control into centralized 
methods with common technology and economy of scale. Macro
economic considerations are discussed. 

Emphases: technological, economic, environmental 

19. Ellis, Paula. "Co-Generation: College Starts $31M Effort." 
Energy User News 3, no. 15 (April 10, 1978): 1. 
(TEAC, LBJ) 

The University of Minnesota has bought a power plant to 
begin a cogeneration project. The objective is to produce 
enough steam to heat the university campus and nearby hospitals 
and colleges. Since the plant originally was closed because 
it was uneconomical, the university will have to buy a back
pressure turbine to increase efficiency. Funding is coming 
from the state for this project, although there is a possibility 
that DOE also might become financially involved. The project 
will include a waste disposal unit. 

Emphasis: none 

20. Elmenius, Lars and McConnell, John E. "By-Product Power -
The Energy Conservation Way." In American Petroleum 
Institute Proceedings, pp. 329-341. 1976.(LBJ) 

By-product power results in reducing the fuel needed 
for power generation by half, eliminating the heat to cooling 
waters and reducing transmission losses. The authors stress 
the maximization of by-product energy. Some practical 
examples are given and several drawings and graphs are 
included. 

Emphasis: technological 

21. Fox, Herbert, Tabi, Rifat, Nelson, Edward, and Robbings, 
Joseph E. "Co-Generation: A Systematic Analysis of 
Combined Steam and Power Generation." Journal of 
Energy 2, no. 1 (January-February 1978): 24-31. (UTEL) 

This paper is offered as a first step toward establishing 
measures for self-generation of electricity in those industrial 
or government installations requiring significant amounts of 
process and direct heating or cooling loads concurrent with 
their power requirements. The supply side of the power 
equation (purchase of power or self-generation) is analyzed. 
Since extremes may not be possible or desirable, the combina
tions of purchase and on-site generation also are examined. 
There is a comment on the need for additional study of various 
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facets of the problem. 

Emphasis: economic 

22. Geistert, Donald L. "Cogeneration: Southern California 
Edison's Experience." In Workshop Proceedings: Dual 
Energy Use Systems: Yarmouth, Maine, September 19-23, 
1977, pp. 125-129. Edited by Deborah A. Dougherty. 
Palo Alto: Electric Power Research Institute, 1978. 
(LBJ) 

In 1974 Southern California Edison organized a committee 
under E.A. Myers to develop guidelines for the parallel opera
tion of customer-owned cogeneration facilities. In March 
1976 the California Public Utilities Commission ordered 
Edison to actively pursue cogeneration with eight companies 
in its service area. By November of that year the Myers 
committee filed its recommendations which contain rate guide
lines for three types of cogeneration systems. 

Type A, the customer who owns and operates his generating 
plant, will use self-generated power to offset purchased power. 
Any surplus will be purchased by Edison at on-peak, mid-peak, 
and off-peak prices based on the utility's average costs. 

Type B, the customer who owns a generating plant that 
Edison controls, will be paid for the entire output of the 
plant on a basis of system average energy costs of the 
utility. 

Type C, an Edison-owned and controlled generating plant 
that utilizes industrial waste heat, will be dealt with on a 
case basis since steam requirements of industries vary. 

Edison is now studying possible cogeneration relationships 
with many smaller potential cogenerators. 

Emphases: economic, regulatory 

23. Gorges, Heinz A. "Cogeneration Practices in Europe." In 
Energy Technology V: Challenges to Technology. 
Proceedings of the Fifth Energy Technology Conference, 
pp. 919-932. Edited by Dr. Richard F. Hill. Washington, 
D.C.: Government Institutes, Inc., 1978. (CES) 

This paper discusses cogeneration practices in Europe, 
where cogeneration plays a major role. Existing plants are 
being modernized and new facilities are under construction. 
Some of the factors which contribute to a continued presence 
of cogenerative systems are discussed. Other topics treated 
are power gener~tion by industry, utilities and the European 
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grid, cogeneration by industry and utility, structure of 
fuel supplies, district heat, load management and storage 
concepts, turbine modularization, and combined cycles. 
Several useful diagrams are included. 

Emphasis: technological 

24. Gyftopoulos, Elias P., Hatsopoulos, George N. and Widmer, 
Thomas F. "Increased Energy Efficiency in Manufacturing: 
What Can Be Done." Professional Engineer 47, no. 9 
(September 1977): 20-23. (LBJ) 

This article discusses thermodynamic efficiency. The 
authors stress energy efficiency in manufacturing processes 
to increase fuel efficiency. Different processes are discussed. 
The need for a "coherent energy policy" is stressed. 

Emphasis: technological 

25. Gyftopoulos, Elias, Lazaridis, Lazaro, and Widmer, Thomas. 
Potential Fuel Effectiveness in Industry. Cambridge: 
Ballinger Publishing Company, 1974. (LBJ} 

This report evaluates the potential for more effective 
use of fuel in U.S. industry. Possible saving of fuel with 
existing technology is estimated in terms of methods that 
can be applied to industrial processes in general and in 
terms of methods specific to each of six industries in parti
cular. The six industries, iron and steel, petroleum refining, 
paper, aluminum, copper, and cement, account for about forty 
percent of industrial fuel consumption. Cogeneration is 
considered in the study as one of several means to make more 
effective use of fuel. 

Emphasis: technological 

26. Hale, Michael R. "A Unique Approach to Cogeneration." Work
shop Proceedings: Dual Energy Use Systems:Yarmouth, 
Maine, September 19-23, 1977, pp. 131-135. Edited by 
Deborah A. Dougherty. Palo Alto: Electric Power 
Research Institute, 1978. (LBJ) 

This paper discusses the basic configuration and 
operating experiences of cogeneration arrangements. A joint 
relationship between a utility and several public and private 
establishments for the operation of several gas-turbine/heat 
recovery boiler units for cogeneration are discussed. 

Emphasis: technological 
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27. Hill, Dr. Richard F. (ed.) Energy Technology IV: Confronting 
~eality. Proceedings of the Fourth Energy Technology 
Conference. Washington, D.C.: Government Institutes 
Inc., 1977. (CES) 

The aim of this conference was to examine new and existing 
technology in the energy field from a realistic viewpoint. 
Forty-four papers were presented. More attention was devoted 
to solar energy than any other energy field. Other energy 
fields looked at were nuclear power, coal, and natural gas and 
petroleum. Most of these papers were delivered by research 
and development firms exploring new technologies. Other 
speakers came from government, industry, or university back
grounds. Heavy input from small businessmen was given in 
papers dealing with government/small business relations and 
business problems in dealing with the energy crunch. These 
reports cover familiar ground and were not of a technical 
nature. The reports from the various energy sectors, however, 
were highly technical. The focus of these reports was how 
particular technologies could solve the energy problem. 
Government speakers promoted the various government bureau
cracies that had been set up to deal with the energy problem. 

Emphases: technological, institutional 

28. Hatsopoulos, G.N., Gyftopoulos, E.P., Sant, R.W., and Widmer, 
T.F. "Capital Investment to Save Energy." Harvard 
Business Review 56, no. 2 (March-April 1978): 111-122. 
(PCL) 

The authors discuss the economic advantages of energy 
conservation in production, noting that many manufacturers 
set too high a rate of return for energy-efficient capital 
investments. This rate of return is usually about the same 
as the required ROI for most mainstream business investments. 
An outline of reduced costs involved by combining production 
processes and the recovery of heat normally released as 
thermal waste is provided with graphs and diagrams. The 
authors estimate that cogeneration has the potential of 
providing an abundant new fuel source at a total cost about 
one-half that of new energy supplies currently being developed. 
They recommend that the recently passed ten percent investment 
credit be raised by Congress to thirty percent to enhance 
energy-saving capital investments. 

Emphases: economic, institutional 

29. Hilsen, Neil B., et. al. "Environmental, Economic and 
Conservation Aspects of Integrated Energy Systems." 
In Proceedings of the 12th Intersociety Energy 
Conversion Engineering Conference: Vol. 1. LaGrange 
Park, Ill.: American Nuclear Society, Inc., 1977. 
(LBJ) 
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An Integrated Energy System (IES), in which utility 
power plants supply both electrical and steam needs to one 
or more nearby industries, results in increased energy 
efficiency, reduced pollutants, and reduced overall cost. 
In order to assess the potential for IES development, an 
environmental, economic, energy efficiency and social impact 
analysis is conducted. Differences between the status quo 
approach to providing steam and electric power to industries 
is compared with the IES approach through a cost-benefit 
analysis. Several IES concepts are analyzed using the 
techniques described. This paper presents a rationale for 
the IES, a methodology for analyzing IES concepts, and 
results of an analysis for one specific concept. 

Emphases: technological, economic, environmental 

30. Hunt, Herbert H. "Utility and Industrial Energy Center." In 
Workshop Proceedings: Dual Energy Use Systems: Yarmouth, 
Maine, September 19-23, 1977, pp. 173-180. Edited by 
Deborah A. Dougherty. Palo Alto: Electric Power 
Research Institute, 1978. (LBJ) 

This paper discusses contracts, obligations, ownership, 
financing, maintenance, and fuel arrangements concerning a 
cogeneration project that is being planned as a joint effort 
between Weyerhauser Company and the Eugene (Oregon) Water and 
Electric Board. The project will be built at Weyerhauser's 
Tacoma, Washington pulp plant and will have all generating 
facilities owned entirely by the utility. The output of the 
generator will be 51,200 kw and will require 850 psig of 
industrially produced steam. 

The principals have worked out contracts that clearly 
specify who controls each aspect of the operation, but also 
contain provisions for a joint review committee to monitor 
all operations and protect the interests of both parties. 
Since the electricity will be produced by the utility, the 
rate of greatest importance is that for the sale of steam to 
the utility. The utility will pay for the proportion of 
boiler capacity that it uses and the rate will be adjusted 
annually. The parties have also worked out agreements for 
disposition of the generators in case the project is not 
successful. 

Emphases: institutional, economic, regulatory 

31. Illingworth, L. "Cogeneration Options for Industrial Power." 
Energy International 15, no. 2 (February 1978): 21-24. 
(UTEL) 

The choice of the best turbine for cogeneration and the 
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most economic energy use by operating in partnership with a 
public supply network are the topics of this highly technical 
article. Replete with terms like "solenoid-operated oil 
valves" and "dump condensers," this article is for a reader 
with a good technical background. 

Emphasis: technological 

32. Javetski, John. "Cogeneration: Washington Fiddles Nhile 
Industry Burns." Power 122, no. 4 (April 1978): 
35-40. (UTEL) 

The author states that this article is intended as a 
primer on cogeneration and an indicator of the complexity of 
the subject. He writes in clear terms and includes informative 
understandable diagrams. Cogeneration is advocated in 
President Carter's proposed energy policy. However, congres
sional debate and confusion regarding the definition of 
cogeneration and site selection have forced industrial decision
makers to delay action vis-a-vis cogeneration. This article 
describes some of the causes of confusion and gives an 
introductory treatment to each of the categories on which we 
grade for this bibliography. Financial barriers and techno
logical explanation are emphasized. 

Emphases: technological, economic 

33. Kaplan, G. "Constraining the Energy Gobbler." IEEE Spectrum 
14, no. 12 (December 1977): 26-32. (UTEL) 

Industry, responsible for forty percent of the nation's 
annual energy consumption, has been targeted by the Department 
of Energy to use innovative technologies that will cut fuel 
use by twenty percent and lower fuel costs. Key elements in 
the program are better control of combustion, recovery of 
waste heat, cogeneration of electric power and process heat, 
improved motor and induction-heat-equipment efficiency, and 
on-site fuel cells. A sununary of the present status and 
future potential is given for each of these areas. A Newark, 
N.J., public utility study which is mentioned found cogenera
tion not suited as an economic alternative to generation 
expansion through nuclear plants, but was found to be efficient 
in specific sites as compared to conventional generation. 
Cogeneration is alsorecommended for certain dense large-scale 
sites (such as university campuses) that must both generate 
electricity and heat buildings over a very limited area. 

Emphasis: technological 
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34. Kaufman, Alvin and Daly, Barbara. Cogeneration -- Problems 
and Outlook. Washington, D.C.: Library of Congress 
Congressional Research Service, 1977. (LBJ) 

The development of the cogeneration potential will be 
an uphill battle, due mainly to institutional barriers. 
Confusion over regulatory authority is a major disincentive 
to the development of cogeneration; other problems revolve 
around the issue of onwership of cogeneration facilities. 
While institutional barriers are emphasized, this article 
gives strong treatment to technological description of 
different cogeneration systems. It lists four utilities 
which operate cogeneration facilities, and describes each. 
The three basic boiler-turbine combinations are described. 

Emphases: institutional, technological, economic, regulatory 

35. Kocacik, J.M. "Industrial-Utility Co-location for Integrated 
Process Heat and Power." American Power Conference 
Proceedings 38 (1976): 803-812. (UTEL) 

Results are presented of a study which examined the 
economic merit of co-locating industrial plants adjacent to 
fossil-fuel or nuclear power plants so that the utility 
power plants could provide both electric power and process 
heat to the industrial plants. This study shows that 
economics continue to favor industrial generation of steam 
and power (kw and/or hp) for those industries having large 
demands for process steam at pressures of 200 psig or less. 
However, co-location with nuclear-fueled utility plants might 
prove economic for those industries having steam demands at 
pressures in the 250 to 600 psig range. The economics, in 
this instance, are significantly influenced by the low cost 
of nuclear fuel relative to fossil fuels. This study rules 
out co-location for petroleum refineries by arguing that 
those areas are "self-sufficient" in providing process steam 
needs through energy recovery in process areas. 

Emphases: technological, economic 

36. Kohn, Philip M. "CPI Firms Map Strategy for Energy-Saving 
Plans." Chemical Engineering 84, no. 24 (November 7, 
19 7 7) : 4 9-51. (LBJ) 

According to the author, chemical processing industries 
(CPI) are increasingly investing in energy-saving capital 
equipment. The most common activities are: (1) development 
of energy-efficient processes and operating techniques; (2) 
increased integration of processes -- with emphasis on 
electrical cogeneration and recovery and reuse of process 
steam; (3) reduced dependency on crude oil and natural gas 
by combining conservation efforts and increasing the use of 
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coal. Additional insulation and optimum production efficiency 
highlight the thermal conservation drives. A brief descrip
tion of the energy savings realized by several CPis by instal
ling energy-efficient equipment is included. 

Emphases: technological, institutional 

37. Mackay, Robin. "Cogeneration to the Rescue." In Workshop 
Proceedings: Dual Energy Use Systems: Yarmouth, 
Maine, September 19-23, 1977, pp. 193-207. Edited 
by Deborah A. Dougherty. Palo Alto: Electric Power 
Research Institute, 1978. (LBJ) 

This article is an introduction to the discussion of 
cogeneration as an alternative energy source. The author 
outlines the difficulties in getting a large central coal 
or nuclear plant on line and the technical problems of other 
alternatives such as wind, biomass, solar, geothermal, and 
tidal. Cogeneration is posed as the key to the power problem 
and its technical and economic benefits are briefly outlined. 
The article does not show any great depth of research on the 
other alternatives and shows the only reference used for data 
as being one article in the Wall Street Journal. 

Emphasis: none 

38. Meyer, Charles F. "Heat Storage Wells: Key to Large-Scale 
Cogeneration?" Public Power 35, no. 4 (July-August 
19 7 7 ) : 2 8 - 3 0 . (LBJ ) 

This paper discusses the need for heat storage wells as 
a condition for large-scale cogeneration. It says that 
large-scale cogeneration will occur only if a means can be 
found for efficiently storing large amounts of heat at a low 
cost for long periods of time. It discusses the heat storage 
well concept, as well as the district heating experience. 

Emphases: technological, economic, institutional 

39. Millenson, M.L. "Chemical Firms Near Decision on Louisiana 
Cogeneration Unit." Energy User News 3, no. 4 (February 

20, 1978): 1. (TEAC) 

This article discusses a cogeneration facility under 
consideration in Geismar, La. The facility is to be built 
by five firms at a cost of $110-175 million. The companies 
BASF Wyandotte, Vulcan Materials, Shell Oil, Uniroyal, and 
Borden -- all have plants within five miles of the proposed 
location. A four-month study by Burns & Roe recommended using 
three 600,000 lb/hr coal-fired boilers that would generate 
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1800 lbs. of high pressure steam. There would be two 
extractor stages at 900 and 600 psi of steam, with steam 
exhausted at 250 psi. If not all companies go through with 
the project, it will be scaled down accordingly. The five 
companies will need 400, 000 Kwh and 4 million lbs. of steam 
annually. At today's costs electricity for the five plants 
costs a total of $6.0 million/month. The ownership of the 
proposed facility remains undecided. 

Emphasis: technological 

40. Millenson, M.L. "Cogeneration Tax Incentives Hit as Cost
Effective." Energy User News 3, no. 4 (January 16, 
19 7 8 ) : 12 . (TEAC) 

This article discusses the 30 percent investment tax 
credit and 12 year depreciation on capital expenditures for 
industrial cogenerators proposed by DOE. It mentions the 
possibility of saving 400 trillion Btu of steam and 20 
billion Kwh in cogeneration of six industries (RPA report). 
The cost for this would be high, $2.5 billion or 3.40/million 
Btu saved. Other possible government actions include loan 
guarantees, relaxation of environmental standards, and other 
preferential treatment. Also mentioned is a DOE report that 
cites the need for exemption of all cogenerators from all 
federal or state regulation. Hithout regulation utilities 
would use more cogenerated power because of lower cost. 

Emphasis: none 

41. Milner, C.F. "One Utility's Experience with Co-generation." 
In Energy Technology V: Challenge to Technology. 
Proceedings of the Fifth Energy Technology Conference, 
pp. 945-947. Edited by Dr. Richard F. Hill. Washington, 
D.C.: Government Institutes, Inc., 1978. (CES) 

This report discusses the cogeneration process in use 
by Southwestern Public Service Company and industrial plants 
in the Texas Panhandle. A general description is given of 
the projects. Development of cogeneration is encouraged. 

Emphasis: none 

42. Minerbrook, S. "13 Towns Join Mass. Cogeneration Project." 
Energy User News 3, no. 8 (February 20, 1978): 13. 
(LBJ) 

This article discusses a proposed rubbish to energy 
project in Beverly, .Massachusetts by thirteen towns, New 
England Power Pool, United Shoe ~1fg. Co. , and Tyden Group 
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Co. Set to open in 1981, the Bayside Resource Recovery 
Facility will burn 500-600 tons of rubbish daily and will 
generate one billion lbs. of steam per year. Half of the 
steam will go to electricity generation of which the power 
pool will buy 66.5 million KwH, leaving 16.5 million KwH/yr 
for USM and Tyden to share. USM, Tyden, and the Beverly 
Hospital will use 500 million lbs. of steam remaining. 
The facility will be owned and operated by Tyden, who will 
guarantee $1 million of power of oil per year to USM. The 
price of power to the utility will be 20-21 mills/KwH and 
the towns will pay $9-11/ton for rubbish disposal. By some 
arrangement, 85 percent of the profits will revert to the 
towns, who eventually will be paid for their rubbish. 

Emphasis: none 

43. Murnane, T. "Cogeneration Data Asked of California Utilities." 
Energy User News 3, no. 8 (February 20, 1978): 13. 
(TEAC) 

The article discusses the California Public Utility 
Commission's efforts to increase cogeneration. They plan to 
exempt all cogeneration projects from utility regulation and 
have appointed a specialist, John Quinley, to be in charge 
of setting rates for industrial firms welling power excess 
to utilities. Utilities are willing to pay more during peak 
load periods. Pacific Gas & Electric will pay between 1.4-2¢/ 
KwH during peak, 1.276¢/KwH during mid-peak, and 0.851¢/KwH 
during off-peak for surplus power. CPUC wants to assure 
industry that it will not be subject to utility regulation. 
Cogeneration projects in California now in operation have a 
generating capacity of 559 megawatts, while those under 
consideration have a total capacity of 1650 megawatts. 

Emphasis: regulatory 

44. National Consumer Research Institute. Proceedings of the Energy 
Research and Development Administration Conference on 
Cogeneration and Integrated Energy/Utility Systems. 
Washington, D.C., 1977. (LBJ) 

This report examines all aspects of the future of 
cogeneration. Included are addresses by prominent engineers 
and utility representatives and a transcript of a question 
and answer period. The topics addressed include: Environmental 
Implications in Energy Development, Financial Considerations, 
Industrial-Utility Concepts, and Industrial Cogeneration. 
The keynote address was given by Senator Gary Hart, who 
discussed his Cogeneration and Waste Heat Utilization Act. 
This report is highly technical in part, but is not beyond 
the comprehension of non-engineers. 
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Emphases: technological, environmental, regulatory, 
economic, institutional 

45. Neal, John W. "Use of Conventional Technology and Potential 
for Emerging Technologies in Cogeneration." In 
Energy Technology V: Challenges to Technology. 
Proceedings of the Fifth Energy Technology Conference, 
pp. 948-949. Edited by Dr. Richard F. Hill. Washington, 
D.C.: Government Institutes, Inc., 1978. (CES) 

This paper describes the reasons for new interest in cogen
eration. the technical limitations of such representative 
current technologies as steam turbine topping cycles, gas 
turbine topping cycles, and diesel engine topping cycles 
and the need for new technologies. It concludes with a 
summary of what the Department of Energy is doing to enhance 
the potential of advanced cogeneration technologies. 

Emphasis: technological 

46. Parkinson, Gerald. "Soda Ash Plant Exploits Mineral-laden 
Brine." Chemical Engineering 84, no. 24 (November 7, 
19 7 7 ) : 6 2 - 6 3 • (LBJ ) 

This article is devoted mainly to describing how a 
power plant being built for a new soda ash plant will generate 
both electricity and process steam. It has little bearing 
on cogeneration except as an example in which on-site 
generation has been implemented successfully. 

Emphasis: none 

47. "Pasta Plant Uses Co-Generation as Recipe to Cut Energy 
Bills." Engineering News-Record 200, no. 16 
(April 20, 1978): 28-29. (UTEL) 

This article explores why a firm in NY looked into 
cogeneration and how it stands to gain by building cogener
ation facilities when the plant is expanded. The company's 
viewpoint is defined. Topics examined are descriptions of 
what cogeneration is, its history, and what legislation 
pertains to it. Future examples of cogeneration are given. 

Emphasis: institutional 

48. Reichl, Eric H. "Coal Industry: Industry Views." In Energy 
Technology IV: Confronting Reality. Proceedings 
of the Fourth Energy Technology Conference, pp. 144
153. Edited by Dr. Richard F. Hill. Washington, D.C.: 
Government Institutes, Inc., 1977. (CES) 
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Mr. Reichl, President of Conoco Coal Development 
Company, is a strong supporter of coal as the prime source 
of energy for the U.S. in the future. The majority of his 
paper is devoted to explaining his support. Mr. Reichl is 
also critical of the fact that the government has given a 
single source (ERDA) the authority to decide our future 
energy technology. In this context, he hopes that ERDA will 
stay away from "certain concepts which are best characterized 
as buzzwords, like ... co-generation." 

Emphasis: none 

49. Rimberg, David. Utilization of Waste Heat from Power Plants. 
Park Ridge: Noyes Data Corporation, 1974. (UTEL) 

This is a technical book that deals with various methods 
for the efficient utilization of waste heat from electric 
power plants. The first section deals with the broader prob
lem of waste heat from all sectors of society and points out 
the potential savings if this excess waste was eliminated. 
Part two discusses the technology behind the waste heat prob
lem and various cooling methods. A great deal of emphasis 
is placed on the environmental aspects of hot water disposal. 
Parts three and four discuss the possibilities of using waste 
heat in agriculture and wastewater treatment. The book does 
not specifically mention the possibility of cogeneration, but 
in its discussion of agricultural uses of waste heat, some of 
the experiments already undertaken have been similar to 
industry/utility relationships that are common to cogeneration. 
The book is not helpful specifically for cogeneration, but is 
valuable for a basic technical understanding of the waste 
heat problem. 

Emphases: technological, environmental 

50. "Saving Energy the Co-generation Way." Business Week, no. 2486 
(June 6, 1977) : 99-100. (PCL) 

This article explains that President Carter's energy bills 
have revived interest in cogeneration. This has been a boon 
to companies such as Thermo Electron, which sells cogeneration 
systems. There is a discussion of institutional barriers for 
private companies. Examples of companies using cogeneration 
(Dow Chemical Co., Norton Co.) are given. Sunstrand Corp. 
is introducing a system for clay, glass, cement, and chemical 
industries. Incentives for utilities to consider cogeneration 
(such as difficulty to get new power station sites) are looked 
at. The article mentions that Gulf States Utilities Co. 
(Beaumont, Tx.) and neighboring petrochemicals are looking into 
one or more coal-fired plants to produce steam and electricity. 

Emphasis: institutional 
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51. Schwieger, Bob. "Refuse-Derived Fuel Wins Out Over Oil and 
Coal at New Industrial Power Plant." Power 122, no. 5 
(May 1978): 33-38. (CES) 

This article deals with how Hooker Chemical Corp. 
became the first U.S. manufacturer to generate steam and 
electricity from municipal and commercial garbage in its 
Niagara Falls, N.Y. energy center. The two-boiler plant, 
scheduled for completion in 1980, is designed to produce 
rated steam capacity with coal or oil as well, if deliveries 
of the primary fuel are interrupted. For certain major 
manufacturing plants located near large population centers, 
it offers substantial benefits both to sponsoring companies 
and to society. Long lead times are necessary, however, to 
establish a fuel-supply network and to select the optimum 
energy-conversion technology for the given conditions. The 
two financial arrangements selected most often are industrial 
development bonds and leverage leases. Since the refuse 
fuel contains only a small amount of sulfur, only a dust 
collector is required on the Niagara boilers to meet federal, 
state, and local clean-air laws. 

Emphases: institutional, technological 

52. Sherry, Edward V. "Energy Conservation by Symbiosis." In 
Energy Technology IV: Confronting Reality. 
Proceedings of the Fourth Energy Technology 
Conference, pp. 206-212. Edited by Dr. Richard F. 
Hill. Washington, D.C.: Government Institutes, Inc., 
1977. (CES) 

Mr. Sherry, Director of Energy Relations at Air Products 
and Chemicals, Inc., is very supportive of energy conservation 
by a symbiosis between public utilities and private industry. 
After listing the best known means and benefits of such 
cooperation, he noted the forces which seem to be present 
in the approaches and relative success of industrial symbiosis 
over the years in the U.S. and Europe. These forces, or 
restraints, Mr. Sherry argued, can be overcome. The main 
problem, according to Sherry, is one of attitude. In making 
this point, Sherry compared the situation in the U.S. with 
that in Europe. Mr. Sherry also pointed out the usefulness 
of a product made by his company which reduces the number 
of power curtailments that often occur. Mr. Sherry also 
pointed out why other countries' statistics on cogeneration 
look better than the U.S. In his concluding remarks, Mr. 
Sherry emphasized the need for goodwill from government 
regulatory agencies. 

Emphases: institutional, technological, economic, regulatory 
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53. Smith, A.J. "Firms Must Weigh Various Co-generation Options." 
Energy User News 2, no. 46 (November 21, 1977): 22. 
(LBJ) 

This paper touches on some of the more important aspects 
and design considerations of cogeneration plants. It dis
cusses design considerations such as site characteristics, 
boiler types, reliability and flexibility of the facilities, 
process obsolescence, logistics of coal supply and ash 
removal, environmental concerns, and financial considerations. 

Emphasis: economic 

54. Smith, Don S. "Regulating for a New Technology." In Energy 
Technology IV: Confronting Reality. Proceedings 
of the Fourth Energy Technology Conference, pp. 39
44. Edited by Dr. Richard F. Hill. Washington, D.C.: 
Government Institutes, Inc., 1977. (CES) 

Mr. Smith, Commissioner of the Federal Power Conunission, 
discussed the objectives of regulation. He felt that there 
are opportunities for regulatory conunissions to become more 
active in their promotion of new energy technology. Self
generation is cited as an example. 

Emphasis: regulatory 

55. Solt, J.C. "Cogeneration in the Process Industry." In Energy 
Use Management, Vol. 1. Edited by R.A. Fazzolare. 
Elmsford, N.Y.: Pergamon Press, Inc., 1977. (LBJ) 

The article was authored by a representative of Solar 
Turbines International of San Diego, a subsidiary of Inter
national Harvester and a leading manufacturer of cogeneration 
systems. The article is intended for potential customers 
and describes their systems in an easily understandable manner. 
Both economic and technical aspects are covered and a list of 
all solar cogeneration systems now in use is included. The 
company manufactures topping cycle systems of 800 KW, 2700 KW, 
and 7400 KW that are suitable for many industrial purposes. 
The article gives examples of all economic aspects involved 
in utilizing the solar systems in typical chemical and food 
processing plants. The systems are intended for on-site 
generation with auxiliary utility hookup. The reader must 
remember that there is inherent bias in the article due to 
its promotional nature. 

Emphases: technological, economic 
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56. Spencer, R.S., Butler, W.S., Enns, M.K., and Wilkinson, B.W. 
"The Potential for Fuel Economies via Combined 
Stearn-Power Production." Energy Systems and Policy 2, 
no . 1 ( 1 9 7 7 ) : 59- 8 4 . (LBJ ) 

The combined generation of power and steam can save sig
nificant quantities of fuel, reduce the environmental impact 
of energy consumption, and, in some cases, reduce the capital 
investment required by utilities. Two modes of operation 
that are considered are by-product power and dual-purpose 
plants. 

The installation of by-product power generation to 
supply the power and steam for large plants has the potential 
of the installation of 33,000 Mw of electric capacity by 1985, 
with an additional 38,000 Mw possible by condensing capacity. 
Utilities would be relieved of some $38 billion investment, 
while industry would require some $19 billion by 1985. The 
total investment reduction is then $19 billion. A fuel savings 
of about 680,000 bbl/day of oil equivalent is possible by 1985. 
It is concluded that a plant using at least 400,000 lb./hr. 
would be needed to justify by-product power generation. In 
such a plant, it is estimated that the extra investment for 
power generation would return some 20 percent on investment 
(before taxes) . 

A similar analysis made for dual-purpose plants shows 
that a steam load at one location of at least 1 million 
lb./hr. is necessary. The capital investment for this 
operation shows little savings because of the plant isolation 
(chemically) and transmission piping required. However, the 
potential fuel savings by 1985 are projected to be over 
500,000 bbl/day of oil equivalent. 

Combined by-product and dual purpose implementation would 
show as much as $16 billion investment reduction and over 
700,000 bbl/day oil equivalent fuel reduction by 1985. 

Emphases: technological, economic, institutional 

57. Stambler, Irwin. "Dow Cogeneration Plant Selling Power to 
PG&E." Gas Turbine World 7, no. 6 (January 1978): 
20-24. (LBJ) 

This article discusses how, in 1966, Dow Chemical helped 
pioneer industrial gas turbine power generation on-site for 
electric power and process steam requirements of a chlorine 
process plant in Pittsburgh, California. The first few years 
were fraught with technological problems; but by the start of 
the 1970s, these were substantially eliminated. Hydrogen now 
is being recovered for use as turbine fuel, with natural gas, 
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and the recent tie with PG&E has become beneficial to both 
parties. Since cogeneration got under way in early 1977, 
PG&E has taken production up to 30 ~~v at times. 

Emphases: technological, economic, institutional 

58. Stead, Harry, and Wilson, William B. ''Industrial Turbine 
Energy Supply Systems Can Provide Reliable Economic 
Power." Paper Trade Journal (September 15, 1977): 
35-38. (LBJ) 

In-plant generation is analyzed in historical perspective 
and economically in terms of fuel charged to power. A com
parison of the dollar Btu costs is discussed by comparing 
cogeneration and purchased power. There is also an analysis 
of boiler cost comparisons and fuel cost comparisons. Tech
nical and relative cost considerations are discussed regarding 
turbines, economic life, by-product generation and fuel and 
power losses. If the allowance for annual operating costs 
is $100,000 and a three-year gross payout is the criterion 
for investment, approximately $4.1 million investment cost 
($830/kw) could be justified for the turbine-generator/ 
condenser system. Tax credits and other incentives are 
discussed to make cogeneration economically feasible. 

Emphasis: economic 

59. Strauss, Sheldon D. "IWC Views Treatment Trends, Future 
Needs." Power 122, no. 1 (January 1978) : 46-49. (UTEL) 

Reverse osmosis as a process for minimizing corrosion 
in steam generating systems was one of the topics aired at 
a recent International Water Conference. The application of 
this technique to cogeneration as treated in this highly 
technical (incomprehensible to laypersons) article is tan
gential. The focus of the article is on boiler corrosion; 
this is another cost which must be computed when calculating 
the cost of cogeneration. 

Emphases: economic, technological 

60. Streb, Alan J. and Harvey, Douglas G. "Industrial Cogeneration: 
An Assessment of System Alternatives." In Workshop 
Proceedings: Dual Energy Use Systems: Yarmouth, Maine, 
September 19-23, 1977, pp. 157-172. Edited by Deborah 
A. Dougherty. Palo Alto: Electric Power Research 
Institute, 1978. (LBJ) 

This article is. a basic introduction to the technology 
of cogeneration and its potential as a conservation technique. 
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It discusses the inherent inefficiencies in current industrial 
processes and how various cogeneration technologies will fit 
into the processes of the following industries: petroleum, 
paper, chemicals, food processing, and textiles. This report 
is basically highlights of a larger draft report prepared by 
a Department of Energy task force headed by Streb entitled 
Cogeneration: An Assessment of Commercial Readiness. 

Emphasis: technological 

61. "Total Energy Galore." Electrical Review 198, no. 7 (February 
2 0 , 19 7 6 ) : 12 . ( UTEL) 

Total energy is an on-site electricity generating system 
in which the utilization of the enrgy input is maximized by 
recovering and using waste heat from the generation process. 
Such systems can not only save fuel, but they can lead to 
the decentralization of power plants and stave off the develop
ment of fission power until clean fusion and solar power take 
over in the next century. The application of the total energy 
concept is discussed. 

Emphasis: none 

62. Turek, Phil A. and Helton, Bill D. "Cogeneration at a Large 
Petro-Chemical Complex." IEEE Conference Record: 
2 - 8 , 1 9 7 8 . (LBJ ) 

Celanese Chemical Company, Inc. and Southwestern Public 
Service Company are constructing at the Celanese Pampa Plant, 
an on-site electric generating facility, herein referred to 
as CZ-2, that is unique in several respects. The electric 
generating system is owned by Southwestern and is designed 
to receive high pressure steam from coal-fired boilers owned 
by Celanese and return lower pressure steam to the Celanese 
plant process. This is a paper prepared jointly by Celanese 
and Southwestern and it is presented by representatives from 
both firms. It addresses many of the factors leading to the 
decision to "co-generate". In conclusion there is a discussion 
of the advantages and disadvantages to cogeneration. While 
it can be economically attractive, serious considerations 
must be undertaken when evaluating projects of this nature. 

Emphases: technological, regulatory 

63. U.S., Congress, House, Committee on Interstate and Foreign 
Commerce. Panel on On-Site Generation and Co-Genera
tion. 94th Cong., 2 sess., 1976. (LBJ) 

Three people, Harvey A. Campbell, Edward A. Myers, Jr., 
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and Jack B. Owens, discuss on-site generation and cogenera
tion in conjunction with HR 12461. Harvey A. Campbell 
discusses the advantages of the two processes. He also 
discusses the processes as they were put into practice by 
the Vulcan Materials Company working with the electrical 
utility and several other industrial companies in Geismar, 
Louisiana. Edward A. Myers, Jr. from the Southern California 
Edison Company discusses the best potential candidates for 
on-site generation. He also discusses what factors make 
on-site generation feasible. Jack B. Owens from the Univer
sity of California-Berkeley School of Law discusses environ
mental aspects of the processes. 

Emphases: economic, environmental, institutional 

64. "U.S. Industries Pushing Switch to Coal as Fuel." The Oil and 
Gas Journal (November 28, 1977): 23-27. (LBJ) 

This article discusses the impetus the higher fuel oil 
and natural gas prices have had on industry switching to coal. 
One major example is the establishment of large-scale cogen
eration plants fired with coal to produce process steam and 
by-product electricity. The American Boiler Manufacturers 
Association says coal-fired boilers will take at least 33 
percent of the market by 1985. Utilities' plans for more 
coal-fired electric generation will add about 400 million 
tons/year to coal demand by 1985. The real question raised 
is whether the Government will allow the private sector to 
go ahead or whether industry's plans will be stifled by the 
growing stacks of laws and regulations. There is extensive 
discussion of legislation and administration by the DOE's 
Economic Regulatory Administration. There is also some 
analysis of the Energy Supply and Environmental Coordination 
Act of 1974. Total capacity of all units covered by FEA 
efforts as of May 1977 represented only 8 percent of the 
capacity of coal and nuclear generating units planned for 
1977-85. In Texas alone, utilities plan to reduce their 
percentage of gas-fired electrical generation from the current 
80 percent to 46 percent in 1980 and to 15 percent in 1985. 
There are several conversion examples cited. Cogeneration 
is discussed as a more efficient means of generating power 
than possible in conventional power plants. The thermal 
efficiency in a conventional power plant is only about 35 per
cent, while 75-80 percent is possible in the electrical
generation portion of a cogeneration plant. The pros and cons 
of cogeneration economics are detailed with examples of 
various plants. The economics vary with each site. Other 
factors which influence costs are environmental standards, 
land requirements, and capital needs. 

Emphases: economic, regulatory, institutional 
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65. Voelker, G.E. and Bolan, Peter. "Energy Savings through 
on-Site Fuel Cells in Industrial Applications." 
In Proceedings of the 12th Intersociety Energy 
Conversion Engineering Conference, pp. 456-460. 
LaGrange Park, Ill.: American Nuclear Society, Inc., 
1977. (LBJ) 

The authors discuss how fuel cell power plants are 
uniquely suited for cogeneration, providing high efficiency, 
rapid response, heat recovery, site flexibility, and envir
onmental compatibility. A fuel cell system is specified 
for each of twelve selected industrial processes and energy 
resource consumption is determined in each case. In six 
cases, process by-product fuel is used and in four processes, 
direct current electricity is provided. Significant potential 
savings were found in all cases. In five of the processes 
studied, savings exceeded 20 percent. Overall, for the 
twelve processes investigated, extensive use of on-site fuel 
cell systems could result in resource savings of 190,000 
barrels of oil (equivalent) per day. 

Emphasis: technological 

66. Wadman, B. "Cogeneration: Is Its Day Dawning?" Diesel Gas 
Turbine Progress 43, no. 12 (December 1977): 10. 
(UTEL) 

A discussion is given on cogeneration, envisioned as a 
cooperative program between industrial and cornrnerical power 
users and their electric utilities to install on-site power 
generation systems with the accompanying use of heat recovery 
for various process and heating needs. This will provide a 
much higher overall thermal efficiency for the power generation 
system, as well as possibly providing $Urplus power for that 
system. The discussion emphasizes that for cogeneration to 
work, it must be connected to an over-all power grid, rather 
than just being isolated. In this manner, the industry is 
able to get standby power should the on-site generation 
system go down. Also, this enables the industry to sell any 
surplus energy to the utility grid. 

Emphases: technological, institutional 

67. Williams, Robert H. Industrial Cogeneration. Center for 
Environmental Studies, Princeton University: 
Princeton, New Jersey. May 1978. (LBJ) 

There are two basic configurations in which cogeneration 
is feasible: generating low pressure steam as a by-product of 
electricity generation, and generation of electricity as a 
by-product of process steam production at industrial sites. 
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The author emphasizes the latter in this report, due to the 
limited potential of the former (which results from economic 
and institutional difficulties). In readable style geared 
to the sophisticated layperson, Williams covers the topic 
of cogeneration comprehensively. He discusses the technology 
of different kinds of boilers, fuels, and processes, including 
advanced coal technologies. His conclusion is that gas turbine 
and diesel technologies are thermodynamically superior to 
the steam Rankine cycle for cogeneration applications. Emphasis 
is on the economics and the institutional aspects of cogener
ation, and the reader can infer the nature of barriers to 
the development of cogeneration potential in cases where it 
is not expressly stated. In the economics section, Williams 
treats the topics of capital charges, fuel costs, and total 
costs; utility ownership, industrial ownership and third party 
ownership are discussed in the chapter titled "Bringing About 
Institutional Change." Economic and institutional considera
tions are interspersed throughout the entire report. 

Several pages are devoted to general analysis of "bench
mark" studies of cogeneration; the findings of the Dow, 
Thermo Electron, and two RPA studies are discussed, along 
with their limitations. The excess central station problem 
and the impact of this situation on the development of 
cogeneration potential receive attention. 

The author examines the near- (1985) and long-term 
potential of cogeneration and concludes that the technique 
will develop slowly in the near term; however, it has the 
potential to become the major source of new baseload 
electrical generating capacity after 1985 and could save over 
two million barrels per day of oil equivalent by the year 
2000, if cogeneration technologies characterized by a high 
electricity to steam production ratio are emphasized. 

Emphases: technological, economic, institutional 

68. Williams, Robert H. The Potential for Electricity Generation 
as a Byproduct of Industrial Steam Production in 
New Jersey. Center for Environmental Studies, Princeton 
University: Princeton, New Jersey. May 5, 1977. (LBJ) 

Prepared for the New Jersey Cabinet Energy Committee, 
this report advocates industrial cogeneration of electricity 
and heat for industrial process use in that state. The 
especially high cost of electricity and the large numer of 
industries utilizing large amounts of process steam in the 
state make cogeneration economically attractive as well as 
technically feasible. Williams writes in straightforward, 
readable style and covers a nuflber of topics in some depth. 
The report is especially strong on technology and describes 
the different cogeneration systems -- gas turbine, steam 
turbine, gas turbine with fluidized bed combustor, and diesels. 
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A clear description is given of each, with assessment of its 
advantages and disadvantages. The economics of cogeneration, 
especially pertaining to gas turbine systems and steam turbine 
engines, also are treated. The article concludes with a look 
at institutional issues: utility and industry attitudes, as 
well as ownership arrangements for cogeneration. Thirteen 
tables are included, mostly regarding economic measures. 

Emphases: technological, economic, institutional 
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Technological: Studies nos. 5, 9, 12, 15, 17, 18, 20, 23, 
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Regulatory: Studies nos. 1, 5, 10, 22, 30, 43, 44, 52, 54, 
62, 64 

Environmental: Studies nos. 1, 5, 18, 29, 34, 44, 49, 63 
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