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FOREWORD

The Department of Housing and Urban Development (HUD) is conducting the Modular Integrated
Utility System (MIUS) Program devoted to development and demonstration of the technical, eco
nomic, and institutional advantages of integrating the systems for providing all or several
of the utility services for a community. The utility services include electric power, heating
and cooling, potable water, liquid waste treatment, and solid waste management. The objective
of the MIUS concept is to provide the desired utility services consistent with reduced use of
critical natural resources, protection of the environment, and minimized cost. The program goal
is to foster, by effective development and demonstration, early implementation of the integrated
utility system concept by the organization, private or public, selected by a given community to
provide its utilities.

Under HUD direction, several agencies are participating in the HUD-MIUS Program, including
the Energy Research and Development Administration; the Department of Defense; the Department
of Health, Education, and Welfare; the Department of the Interior; the Environmental Protection
Agency; the National Aeronautics and Space Administration; and the National Bureau of Standards.
The National Academy of Engineering provided an independent assessment of the Program.

This technology assessment is one of a series of pUblications developed under the HUD-MIUS
Program and is intended to further a particular aspect of the program goals. Simply stated, the
objective is to identify and evaluate the consequences of the widespread utilization of MIUS to
the year 2000. The technology under assessment was MIUS, which was proposed for use in place
of conventional utility systems to serve a limited number of new residential-commercial develop
ments. Thus, the approach was to conduct a comparative analysis of MIUS versus alternative con
ventional utility system impacts. The assessment describes in detail MIUS and conventional
utility technologies, the state of society into which MIUS would be introduced, and the primary
and higher-order impacts that would result from its widespread application over the continental
United States.

The first complete draft of this assessment was completed and distributed for review in
June 1974. During the period to October 1975, extensive reviews of the draft were conducted by
the following:

Louis H. Mayo, Principal Investigator;
The Program of Policy Studies in Science and Technology;
The George Washington University; and
MIUS Program staff of the National Bureau of Standards.

Outside reviews were also completed by other agencies participating in the MIUS Program and by
Gabor Strasser, Strasser Associates Incorporated; E. L. Krause, City Public Service Board of
San Antonio, Texas; and Howard Hagler, Hittman Associates, Inc.

In all, the technical reviews were very thorough, and many constructive suggestions were
received. During the following year, the draft was revised to resolve as many comments as
possible under the restraints of time and the availability of resources, and this document was
prepared for publication. Some economic and state-of-society analyses are somewhat out of date,
but current information would not significantly change the general findings of the assessment,
and this publication will serve as a good basis for possible future work.

xi



This assessment is published in two volumes in order to best serve a wide range of
interests. Section 1 (ORNL/HUD/MIUS-24) is a separately bound summary report which focuses
on expected impacts by category. Detailed technical data and analyses are provided in Sections
2-6, which are bound as a second volume (ORNL/HUD/MIUS-25). This assessment represents the
contributions of many Oak Ridge National Laboratory (ORNL) staff members and consultants from
a wide range of disciplines. In addition to the listed authors, important contributions and
valuable suggestions were received from S. E. Beall, A. H. Voelker, C. R. Schuller, and
R. J. Olsen of ORNL; and consultants J. A. Spencer, J. G. Stoloff, R. L. Dipboye, C. D. Morison,
W. L. Waters, A. Mostoller, and K. Spalvins. The efforts of the ORNL Technical Publications
Department in the preparation of this document for publication are also gratefully acknowledged.
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ABSTRACT

This technology assessment is one of a series of publications developed in the Modular
Integrated Utility System (MIUS) program under the direction of the U.S. Department of Housing
and Urban Development. The technology under assessment is MIUS, which would use an onsite
combined-package plant, smaller than conventional plants, to provide communities of limited
size with electricity, heating and air conditioning, water and waste treatment, and waste
disposal. The MIUS is modular in that it can be located near appropriate users in phase with
the actual demands of community development or redevelopment. It employs an integrated systems
approach, whereby some resource requirements of one service are met by using the effluent of
another. For example, heat rejected from electrical generation might be used for residential
space heating and cooling, and the effluent from liquid-waste treatment might be used for
cooling-tower makeup water or for irrigation.

Technology assessment is a systematic study that places the technology within the total
social framework, identifies impacts in all sectors, and establishes cause-effect relationships
to aid decision makers in balancing the good and bad impacts. Contrary to the implication of
its title, the assessment does not focus on technology but rather on the consequences of its
application. Simply stated, the objective was to identify and evaluate the consequences of
the widespread utilization of MIUS to the year 2000. MIUS is proposed for use in place of con
ventional utility systems to serve a limited number of new residential and commercial develop
ments. Thus, the approach was to conduct a comparative analysis of MIUS vs alternative con
ventional utility system impacts.

This assessment is published in two volumes in order to best serve a wide range of interests.
Section 1 (ORNL/HUD/MIUS-24) is a separately bound summary report that focuses on expected impacts
by category. This volume contains the detailed data and analyses in several sections (2 through
6), which generally correspond to the procedural method employed. Section 2 introduces the MIUS
program and concepts and the objectives, scope, and approach of this assessment. Section 3
describes the types of MIUS and conventional subsystems (considered most likely to exist in the
years 1975 to 2000) and documents their projected costs, physical features, operating charac
teristics, and systems analyses used to determine the primary (direct) effects of MIUS operation.
Since this report is devoted to a comparative study of proposed MIUS vs conventional systems, all
characteristics required to define MIUS were also determined for conventional systems. Further
more, each of the two types of utility systems encompasses several extensive fields of technology 
electrical/thermal energy generation and distribution; solid/liquid waste collection, treatment,
and disposal; and potable and fire-protection water supply.

In Sect. 4, the societal characteristics that may accelerate, dampen, or otherwise affect
(or be affected by) the development and application of MIUS technology are identified and dis
cussed. Major topics include national goals and policies, market analysis, demands and avail
ability of fuel and other resources, institutional and legal factors, characteristics of home
builders and developments, and psychological and social factors.

Section 5 is primarily for identification of the possible impacts of MIUS use on all sectors
and interest groups of society. The identification of impacts was based on the technical and
physical characteristics of MIUS (from Sect. 3) and the conditions of society with which MIUS
interacts (from Sect. 4). As a first step, the relevant characteristics of each MIUS subsystem
were listed, operational aspects were defined, and possible effects were defined and subjected to
a preliminary evaluation.

Section 6 is an extension and integration of previous sections in which the influences and
impacts on society from the application of MIUS are analyzed. The wide diversity of types and
levels of impacts identified precluded the possibility of developing a common unit of measure
for all impacts that would allow direct comparisons and summations to indicate total effects.
The analyses of impacts ranged from qualitative and subjective discussions to those easily
measured in direct costs. Between the two extremes, however, are impacts that were considered as
a group and quantified with a common unit of measure that is directly comparable and additive.
Thus, several methods of impact analysis were used with varying levels of measurement in order to
group as many impacts as possible into sets having a common basis for comparison. Impact cate
gories considered included economic, institutional, demography, environmental, psychological and
social, resources, and national goal~ and policies.

xiii





HIGHLIGHTS OF SECTION 2

This section describes theMIUS Program, cites the program goals, gives examples of how
the MIUS might be used, and basically describes what constitutes a MIUS. This is followed by a
brief introduction to the technology assessment and a procedural method used as a guide. The
task of this assessment was defined by summarizing objectives, scope, ground rules, and assump
tions.
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2. INTRODUCTION AND THE ASSESSMENT TASK

2.1 INTRODUCTION

This report is an assessment of Modular Integrated Utility Systems (MIUS). MIUS would use
an onsite combined package plant, smaller than conventional plants, to provide communities of
limited size with electricity, heating and air conditioning, water and waste treatment, and
waste disposal. The assessment examines the MIUS technology, the primary consequences from use
of the system, and the likely higher-order consequences of the application. Assistance in
carrying out this assessment has been provided by several federal agencies participating in the
MIUS program, which is under the overall direction of the Department of Housing and Urban
Development.

The MIUS is modular in that it can be located near appropriate users in phase with the
actual demands of community development or redevelopment. It employs an integrated systems
approach whereby some resource requirements of one service are met by using the effluent of
another. For example, heat rejected from electrical generation might be used for residential
space heating, and the effluent from liquid-waste treatment might be used for cooling tower
water.

MIUS is not proposed as a competitor or as a complete substitute for conventional utili
ties. It is proposed, however, that there is a significant number of applications for which
MIUS would be of public benefit and that it should be considered as an option. One broad
category of MIUS application is for contingency use, as in communities where local restrictions
on waste treatment or other utility services prevent construction of housing, or for application
to isolated communities - both new and old. Another category is the long-range planned use of
MIUS to provide some fraction of the country's new utility requirements for the next two or
three decades.

As with all technological innovations, the significant substitution of MIUS for alternative
conventional utilities would affect some aspects of society beneficially and others adversely.
This assessment places the technology within the total social framework to aid decision makers
in the balancing of desirable and undesirable impacts.

The MIUS is directed toward providing utility service (electrical and thermal, water, and
sanitary waste treatment and disposal) for communities of limited size and to provide these
services: (1) in an, improved manner (relative to current practice) with advantages in cost,
decreased environmental impact, and increased efficiency in the utilization of natural resources;
(2) at a pace equal to the rate of growth of a development; (3) to make available for develop
ment land that is not being serviced by conventional utility systems. A MIUS might be sized to
accommodate several hundred or a few thousand multifamily dwelling units, nearby single-family
housing, and associated commercial facilities - a common range of units for a single undertaking
and simultaneous construction in a community development or redevelopment.

The MIUS might employ gas- or oil-powered internal-combustion engines to generate elec
tricity for a building complex. The engine exhaust and coolant heat would supply the buildings
with a portion of the requirements for hot water, space heating, and air conditioning (using
heat-absorption-type water chillers). Liquid wastewater might be purified to a degree acceptable
for recycle as cooling water, irrigation, and perhaps, someday, drinking water. Inexpensive
waste heat from the prime movers might be used in the purification process. Additional gas or
oil and solid waste might be burned whenever the waste heat from generating electricity is
inadequate to meet the demands for building services. MIUS systems might, in the future,
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employ onsite coal-burning prime movers, hydrogen fuel cells, or solar devices for generation
of electricity and heating.

A pleasing arrangement of the utility service building within the consumer complex, such
as is shown by the artist's concept in Fig. 2.1, could be achieved. Figure 2.2 is a schematic
diagram of one of many possible service concepts based on present-day technology. Internal
combustion piston engines could serve as prime movers in the power plant of the system shown in
Fig. 2.2. The heat-recovery system might supply steam to single-stage absorption chillers and
hot water to a district heating system. Heat may be rejected from the system via a cooling
tower (Fig. 2.2) or to a pond. A pond, in addition to serving as the heat-rejection system,
might be used as a source of water for fire protection, holdup of storm water, and in some
areas of the country it could also serve as a solar energy collector and water supply for a
water-source heat-pump system.

The space heating and cooling and domestic hot-water subsystems used would depend primarily
on climate and population density. The high- and medium-population density areas would be
served by a district system. In the example in Fig. 2.2, heat for space heating and domestic
hot water is supplied through a two-pipe hot-water distribution system with space cooling pro
vided by a separate two-pipe chilled-water distribution system. Individual dwelling units in a
low-population density area are shown as being heated and cooled by air-to-air heat pumps (with
auxiliary electric heat), whereas heat for domestic hot water would be supplied by gas or oil.
Heat recovered as a result of electricity generation for these heat pumps and for other elec
trical needs in the low-density housing would be available for use in the district heating and
cooling system serving the high-density population area.

Potable and fire-protection water for the installation could come from an onsite well or
lake. The type of liquid-waste treatment plant used - biological, physical, chemical or some
combination of these - would depend on the possible uses of the effluent and the effluent
quality required. In Fig. 2.2., solid waste is assumed to be collected in some conventional
manner. It is processed by burning in an incinerator having provisions for heat recovery, and
beneficial use is made of the recovered heat.

The subsystems just described are not necessarily the only "prime" candidates for MIUS but
were selected to illustrate one concept based on commercially available technology. Final
selection of the subsystems to be included, subsystem design, and methods of integration em
ployed in a particular MIUS would depend on site characteristics such as climate, population
density, total population, consumer mix or service demand characteristics, local geology, and
local resources such as water, fuel, and land. A MIUS could provide all or only part of the
utility services; it could be completely independent of or interconnected with conventional
utility systems; it could be owned by the developer or other private entities, a municipality,
or a conventional utility company. The MIUS concept allows considerable flexibility to best
serve the needs of any specific community.
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2.2 THE ASSESSMENT TASK

Technology assessment is a systematic study which places the technology within the total
social framework, identifies impacts in all sectors, and establishes cause-effect relationships
to aid decision makers in balancing the good and bad impacts. Contrary to the implication of
its title, the assessment does not focus on technology but rather on the consequences of its
application. Two principal concepts, initially stressed during Congressional Committee hearings
prior to establishment of the Office of Technology Assessment, are (1) to give early warning of
the consequences of technology; and (2) to give special attention to the consequences of the
unintended or "higher-order" effects. It is this emphasis on higher-order impacts and the
interactions with all aspects of society that makes technology assessment unique.

Specific questions to be addressed include the following:
1. What technologies are currently available for use in MIUS?
2. What technologies are likely to be available in the next two decades for use in MIUS?
3. How is MIUS likely to be applied and what type of systems is it likely to replace?
4. What would be the likely primary consequences of application of MIUS, such as

reliability of service, cost, and environmental impact?
5. What are likely higher-order impacts (economic, psychological, and social)?
6. What community or interest groups are most likely to be affected by the anticipated

impacts of MIUS and are most likely to take action to influence those impacts?
7. What are the most likely institutional problems?
8. What benefits and costs are likely to accrue from government efforts to alter either

the application of MIUS or its subsequent consequences?
The procedural method employed was a modified version of one developed for the Office of

Science and Technology. 1 The substance and the logic of that procedure are shown in the
following steps:

Step 1 - Define the Assessment Task
Establish scope (breadth and depth) of inquiry/Develop project ground rules

Step 2 - Describe Relevant Technologies
Describe major technology being assessed/Describe competitive technologies

Step 3 - Develop State-of-Society Assumptions
Identif1 and describe major factors influencing the application of the

relevant technologies
Step 4 - Identify Impacts

Make a preliminary identification of potential impacts and the affected
sectors for each impact category

Step 5 - Analyze Impacts
Analyze impacts, individually or in groups, as appropriate to permit a

judgment of the positive and negative tradeoffs
Step 6 - Identify Possible Action Options

Develop and analyze various programs for obtaining maximum public
advantage from the assessed technologies
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Step 7 - Complete Impact Analysis
Analyze the degree to which each action option would alter the specific

societal impacts of the assessed technology discussed in Step 5

In practice, there is considerable interdependence between steps, and work must proceed
concurrently in all topics and also be subject to change as cause-effect relationships are
developed. It was also pointed out (in ref. 1) that the steps may overlap and that, depending
on the technology under assessment and the objective of the study, there may be good reason to
vary the order of performing and to combine or entirely omit certain steps.

The complex, multidisciplinary aspects of a comprehensive technology assessment increase
the importance of defining the objectives, scope, and ground rules of the study. These are the
elements of the first step and the main subject of the remainder of this section.

Simply stated, the objective was to identify and evaluate the consequences of the wide
spread use of MIUS. The differentiation between widespread use and the demonstration, commer
cialization, and growth stages of MIUS are important to an understanding of the direction of
this study. By focusing on the consequences of widespread use, one can attempt to determine if
MIUS program goals can be achieved, if the balance of beneficial and adverse impacts is favor
able to society, if dominant adverse impacts on particular sectors can be expected, and, in
general, if implementation of the MIUS concept should be continued. There are many important
economic, institutional, and societal problems associated with the implementation of MIUS that
can only be resolved by demonstration and by site-specific evaluations. The installation and
operation of one or a few demonstrations or a small number of private installations, however,
would have little impact on a national scale. Furthermore, the analysis, demonstration, and
policy-oriented activities necessary for the private sector to consider MIUS as a viable option
are systematically being addressed in the multiagency MIUS program sponsored by HUD. Thus the
direction of this study was pointed to looking past the implementation stages of MIUS to de
termine potential future consequences.

A checklist-type summary of the depth of coverage of various criteria by which the assess
ment scope can be defined is given in Table 2.1.

2.2.1 Range of technologies

The technology under assessment is MIUS as proposed for use in place of conventional
utility systems to serve a limited number of new developments. As a comparative analysis, we
are only concerned with the relative, or differential, impacts of MIUS vs conventional; but
this requires that all characteristics required to define the status and consequences of MIUS
must also be defined for conventional utility systems. Furthermore, each of the two types of
utility systems encompasses five extensive fields of technology: (1) electric and (2) thermal
energy, (3) solid and (4) liquid waste, and (5) potable water systems. Decisions about the
appropriate bases of comparison of MIUS vs conventional systems which affected a narrowing of
the scope of technology to be considered include:

1. Comparisons would be made with respect to the incremental capacity of new,
municipal-size conventional utility systems installed at the time of interest,
not with the average or cumulative state of all facilities in service.

2. Conventional utilities would be the few most probable types identified using
national goals and policies and existing forecasts.

3. Principal MIUS components and subsystems considered would be from presently
available technology, new technology which requires only minimal developmental



Table 2.1. Scope of study

Depth of coverage
Scope criteria

Range of technologies

MIUS

Conventional utilities

Consumer service requirements

Technology status

Commercially available

Projected trends

Near-term concepts under
development

Advanced (solar, geothermal, etc.)

Range of topics

Demonstration and implementation
stages of MIUS

Synthesis and analysis of system
models

State of society characteristics

Attitude surveys

Action options

Impact categories

Economic

Major

x

x

x

x

x

x

x

Minor

x

x

x

None

x

x

x

Comments

All utility subsystems, primarily assumed
independent of conventional utilities

New electric, water, liquid waste, solid
waste, and domestic HVAC systems

Considered as an integral part of technology

MIUS based on previous technology evaluations

Limited to projected mix of conventional
steam-electric plant type and coolant systems

Limited to discussion of potential MIUS
applications

Small fraction of national utility capacity

Interested in consequences of widespread
application of MIUS

Detailed analysis to determine private cost,
resource use, and emissions

Limited to existing conditions and published
projections

Limited to small sample of environmental
concerns

Task objective primarily fact finding

Total cost "to the country," constant dollar
basis, minor coverage of cost to particular
sectors.

N
I

<.0



Table 2.1. (continued)

Depth of coverage
Scope criteria

Major Minor None
Comments

Demography

Institutional

Societal

Social values

Environment

Resources

Levels of Impacts

Primary

Secondary

Higher order

Groups affected

Consumers served by MIUS

Neighbors

MIUS owners

Homebuilders

National population

Time period analyzed

1975-1985

1985-2000

Beyond 2000

x
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Impact limited by basic assumptions

Impact limited by basic assumptions

Detailed analysis of air quality, two-factor
rating of all environmental effects

Impact on fuel, land area, and water with
drawal and consumption

Quantitative estimations

Primarily identification, less quantitative

Limited to identification

Excluding direct cost of services or rent

Excluding comparison of direct costs

N
I
~

C)
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efforts, and technology likely to become available from pilot-plant scale
research conducted for conventional systems.

4. The time period considered was from 1975 to 2000.
Other operational decisions were made which directly affected the scope of the second

step. Comprehensive identification and analysis of impacts depend on the basic physical and
technical characteristics of MIUS which differ from alternative conventional systems, that is,
certain direct effects of operation such as private cost, use of resources, and emissions to
the environment. An assessment could minimize technical analysis by stating known or assumed
characteristics at the outset. For this assessment, however, it was considered important to
fully describe and analyze MIUS and alternative conventional technologies, and this required
the synthesis and analysis of specific consumer, MIUS, and conventional system models.

A large number of possible combinations of consumers, system configurations, and locations
could be assembled; but the scope of analytic effort could be reduced, without significantly
narrowing the scope of the assessment, by concentrating on a small number of cases. A signifi
cant advantage of comparative evaluations is that the resulting differences or ratios of
effects (e.g., cost or fuel consumption) are much less sensitive to certain characteristics of
the consumer model than evaluations based on absolute values. The approach was to temporarily
focus on a single set of models for detailed analysis and to explore the sensitivity of results
to variations in consumer and system characteristics. The extrapolation of results and con
clusions from sensitivity studies were then used to estimate average effects from the nationwide
application of MIUS.

The MIUS concept is considered quite flexible in meeting the utility service needs of a
particular user. It could provide all or only a few utility services and could operate in
various combinations with conventional systems. For example, significant advantages in cost
and maintenance could be realized if MIUS were implemented as an integral part of the conven
tional electric utility grid. It was not considered appropriate, however, to limit this
assessment to such a special case or to select cases that unduly favor MIUS. The selection of
MIUS technologies and the synthesis of models for detailed analysis actually tended toward the
other extreme - that of presenting MIUS in what was probably its worst light to determine an
upper limit on impacts. Thus MIUS was considered to be completely independent of conventional
utility systems and was designed with redundancy and multiple components necessary to provide
the same service requirements to a given consumer with equal reliability as would be provided
by competitive systems. The effect of this design criteria is to push MIUS costs to an upper
limit and to ensure that MIUS/conventional comparisons will be carried out uniformly.

2.2.2 Range of topics

As indicated in Table 2.1, this assessment includes major coverage of technology analysis
(step 2), characterization of the state of society (step 3), impact identification (step 4),
and impact analysis (step 5). The task was primarily fact-finding, so a formal consideration
of action options (step 6) and their effect on impacts (step 7) were not included.

2.2.3 Impacts considered

Types of impacts and affected interest groups considered are limited only by their relative
importance. We examined primary and higher-order impacts which include economic, institutional,
environmental, demographic, and social categories. Some impacts would be of local interest
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(such as to MIUS tenants, land developers, and neighbors), whereas others were analyzed on a
national scale. We were more interested in the relative total social cost (private cost plus
externalities) of MIUS application to determine overall public benefit, but problems of finance
and the redistribution of cash flow are potential roadblocks to MIUS application and must also

be considered.
A basic ground rule was that residential-commercial developments of various size, building

mix, and location (i .e., the consumer models) would be constructed to satisfy needs of the
projected market regardless of how utility services are supplied. Consumer-model service
requirements were held constant for utility system comparisons; thus they do not contribute to
the relative impacts assessed. Ultimate effects of MIUS use on consumers were considered
separately as higher-order long-term effects. Examples of these effects include:

1. the redistribution of population, commerce, and industry due to independence
from conventional utility systems;

2. changes in development size, density, layout, and building mix to optimize
MIUS economi cs;

3. use of resource-conserving fixtures and appliances because of increased
developer interest in utility cost reduction;

4. changes in the desired life-style and associated personal values because
of successful and well-accepted demonstrations of MIUS.

2.2.4 Time period analyzed

The time period of interest was 1975 to 2000. Major emphasis was placed on near-term
considerations (1975-1985) which could be projected with more certainty and for which more
projections were available.

MIUS technology was based on currently available components and subsystems which would
most likely be used in the near term. The projected application of advanced technology was
identified, but not factored into the impact analysis. The probable result of this scope
limiting decision would be a conservative estimate of beneficial impacts. Advanced technologies
applicable to MIUS would probably achieve widespread use only if they were more efficient, less
costly to own and operate, more acceptable to the community, or otherwise advantageous with
respect to the current-technology MIUS. This reasoning remains to be proven (e.g., for use of
the coal-fueled MIUS), but further analysis was not considered to be of major importance to
this assessment.

The second step was to describe the technology under assessment and others that compete
with it. Included within this section (Sect. 3) are:

1. the physical, economic, operating, and performance data of pertinent components
and subsystems, both MIUS and conventional;

2. general data on domestic utility service demands, development auxiliary loads,
and architectural 'parameters;

3. the determination of primary direct effects of MIUS in comparison with conventional
systems.

Direct effects of system characteristics and operation include private cost, fuel use, use of
other resources, and emissions to the environment.

As for MIUS, there are many feasible combinations of components and subsystems which could
be used to provide utility services, and, in real practice, final selection and optimization
will depend on local parameters such as climate, population level and density, consumer mix or
service demand characteristics, geology, and the availability of resources and conventional



Table 2.2. Most likely components and subsystems of MIUS and conventional
utilities installed in the period 1975-1985

Ut i 1ity sys tem

Electrical and thermal energy system
Generation

Offsite transmission
Heat recovery
Heat rejection

Space heating, cooling, and
domestic hot water

Liquid waste system
Offsite transmission
Treatment

Treated liquid reuse

Solid waste system

Potable water system
Source

Treatment

Storage

Offsite transmission

MIUS

Internal combustion piston engines
(gas, diesel or dual fuel)

Coal-fired exhaust-recycle furnace
with gas turbine

None
Ebullient, 15 psig steam
Cooling tower and pond (using

treated liquid waste)
District hot- and chilled-water

system (using waste heat)
Auxiliary boiler (oil, gas, or

coal)
Absorption and compressive chillers
Outlying buildings may use

conventional systems

None
Packaged plant, physical-chemical

or biological
Cooling water and fire protection

(from pond)

Incineration with heat recovery,
ash disposal in landfill

Sanitary landfill

Groundwater, depending on local
resource

Minimal - disinfection, perhaps
softening

Onsite tank

None

Conventional

Central steam-electric plants (fossil
and nuclear fuel)

High voltage, by wire on towers
None
Cooling tower, wet or dry

District hot- and chilled-water
system (oil or gas)

Building hot-water system (oil or gas)
with individual air conditioners

Individual electric resistance heat
and air conditioners

Individual heat pumps
Individual water heaters (gas or

electric)

Gravity-flow mains
Secondary biological plant

None

Sanitary landfill

Surface water

Complete treatment, depending on
source quality

Tanks distributed through
municipality

Underground mains

N
I

w
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utilities. Conclusions of previous studies and of those completed as a part of this assessment
were used to narrow the many combinations to a few representative models. Table 2.2 lists the
resulting most probable components and processes of a typical MIUS installation and of conven
tional utilites to which MIUS will be compared for the period to 1985.

In the third step (Sect. 4), the nontechnical societal characteristics that may accel
erate, dampen, or otherwise affect the development and application of MIUS are identified and
discussed. Many of these characteristics will, in turn, be affected by the application of
technology. Topics considered include:

1. national goals and policies;
2. a projected market analysis;
3. projected demands and availability of fuel, water, and land resources;
4. institutional and legal factors;
5. home builders;
6. psychological and social factors.
In step 4 (Sect. 5), the preliminary identification of impacts was completed (1) by

determining the relevant physical and technical characteristics of MIUS and possible effects
of each characteristic, listing potential impacts by impact categories and identifying impact
order; and (2) by grouping potential impacts according to impact order and identifying affected
systems.

Step 5 (Sect. 6) draws on the description and analyses of the technologies developed by
step 2 and on features of the state of society from step 3 to evaluate the impacts and discuss
effects of and reaction to the impacts.

As described above, the major sections of this volume correspond to the steps of assess
ment used. The various sections span a wide range of topics, disciplines, and levels of detail,
and several aids to the location of topics of interest were included. Section 1 of this report,
the summary, was published separately as Volume I for readers primarily interested in the find
ings of the assessment. Sections 2 to 6, constituting this Vol. II, contain the backup
documentation and complete analyses. Each section is preceded by "Highlights," a summary of
the objectives and major contents of the section. In addition, summaries of results of sections
and subsections are included where considered appropriate.

REFERENCES FOR SECTION 2.2

1. M. V. Jones, A Technology Assessment Methodology: Some Basic Propositions, report MRT 6009
(PB 202778), The Mitre Corporation, June 1971.



HIGHLIGHTS OF SECTION 3

Section 3 describes types of MIUS and conventional sUbsystems considered most likely in
the years 1975 to 2000 and documents projected costs, physical features, and operating charac
teristics. These projections will be used under constraints of the state-of-society assumptions
in Sect. 4 to identify and evaluate impacts (in Sects. 5 and 6). Since this is a comparative
study of proposed MIUS vs conventional systems, all characteristics required to define MIUS
must also be determined for conventional systems. Furthermore, each of the two types of utility
systems encompasses several extensive fields of technology: electric and thermal energy gen
eration and distribution; solid- and liquid-waste collection, treatment, and disposal; and
potable and fire-protection water supply.

This is a large section containing the numerical and descriptive data required to fully
document the characteristics of technologies under comparison and the systems analyses used to
determine the primary (or direct) effects of MIUS operation. The following highlights are
provided as a summary of the contents or as a guide to technological details, according to the
reader's interest.

Section 3.1 (Description of MIUS Concepts) tabulates the types of subsystems recommended
for near-term MIUS installations (up to about the year 1985) and shows several system concepts
and subsystem interfaces in schematic diagrams. Components and subsystems considered were
limited to those currently available.

Section 3.2 (MIUS Electric Utility Technology and Related Thermal Energy) deals with the
most likely prime movers considered for electric generation and the recovery of waste heat to
meet thermal demands. Primary emphasis is on high-speed internal-combustion engines with
packaged ebullient heat-recovery systems. A coal-fired gas turbine is considered feasible in
the future and, if successfully developed, would remove the dependence of MIUS on fuels fore
cast to be in short supply.

Section 3.3 (Conventional Electric Utilities Technology) describes the elements and the
structure of the existing conventional electric utility industry and presents an extensive
survey of recently published forecasts of energy consumption and electric-power generating
capacity by geographic region, type of fuel, type of consuming sector, and type of electric
generating plant. These projections, plus cost and performance data for new 1000-MW steam
electric plants and other elements of the system, were the basis of our definition of the
conventional model supply electric utilities to which MIUS will be compared. The probable mix
of new steam-electric generating capacity being added in 1975 was 52% fossil and 48% LWR having
a combined conversion efficiency of 35%; that being added in 1985 was 31% fossil, 59% LWR, and
10% HTGR having a combined conversion efficiency of 34%; and that being added in the year 2000
was 23% fossil, 20% LWR, 3% HTGR, and 54% LMFBR having a combined conversion efficiency of 38%.
Charges for conventional electricity are based on the cost of incremental generation by new
base-load plants of the projected mix which will be required to meet consumer demand.

Section 3.4 (Heating and Cooling for MIUS and Conventional Utilities) discusses cost and
performance data of heating, ventilating, and air conditioning (HVAC) systems considered for
MIUS and conventionally served consumers. Conventional systems include a district system,
circulating hot and chilled water, because of its efficiency and similarity to MIUS, and three

3-1



3-2

other most likely systems: (1) fossil-fired boilers in each building for space and potable
water heating with individual air conditioners for each apartment, (2) individual heat pumps
and fossil-fired potable-water heaters for each apartment, and (3) electric resistance space
heating with individual electric potable-water heaters and air conditioners for each apartment.
MIUS HVAC systems would generally use waste heat from prime movers with district hot- and
chilled-water distribution to each apartment. Depending on the particular consumer model,
however, MIUS could use the district system for the higher-density portions of the development
and either of the three most likely conventional systems (with electricity supplied by MIUS)
for other low-density portions.

In Sect. 3.5 (Potable-Water Supply and Treatment for MIUS and Conventional Utilities) we
consider the choices available to a developer. Although the option of an onsite water system
is currently feasible and essential to MIUS independence from conventional utilities, the de
cision would normally be based on site-specific characteristics, regardless of how other util
ities are furnished, and might be regarded more properly as private vs public rather than MIUS
vs conventional. Exceptions leading to integration of this with other MIUS subsystems would
include use of advanced thermal processes to purify low-grade water. Treatment methods appli
cable to surface- and ground-water supplies are described, and data on costs and fire-protection
water-flow requirements are presented.

In Sect. 3.6 (Liquid-Waste Subsystem for MIUS and Conventional Utilities) conclusions from
previous studies regarding sewage production are given, and the most likely types and costs of
collection and treatment are summarized. Onsite collection was considered identical for MIUS
and conventional systems, but the conventional utility would have additional offsite gravity
flow collection mains. Conventional treatment is with primary and secondary biological plants
until 1983. After 1983, conventional treatment is supposed to be the "best practical." MIUS
treatment plants are likely to be the small factory-prefabricated package units, using either
biological or physical-chemical processing.

In Sect. 3.7 (Solid-Waste Subsystem for MIUS and Conventional Utilities) conclusions from
previous studies regarding solid waste production are given, and the most likely types and
costs of collection, treatment, and disposal are summarized. Onsite collection was assumed
identical for MIUS and conventional systems, but the conventional entails additional offsite
transportation. Conventional disposal was concluded to be sanitary landfill, whereas MIUS would
use incineration or pyrolysis with sanitary landfill of residue.

Section 3.8 (Consumer Thermal and Electrical Requirements) is a compilation of data on
consumer demands and characteristics required to determine the various domestic, building, and
site auxiliary loads vs time. These data were used to calculate electrical, heating, cooling,
and potable hot-water demands of particular consumer models. Throughout this assessment, "con
sumer" is used in a broad sense to mean the pertinent characteristics of the residents, buildings,
site, and climate of the development to be served.

Section 3.9 (Comparative Analysis of Selected MIUS and Conventional System Models) uses
data and utility subsystem selections and performances presented in previous parts of Sect. 3
to determine relative cost and fuel consumption of MIUS and conventional systems providing
utility services to several sizes of a hypothetical garden apartment development. A computer
program using hourly weather data of the five cities considered was used to calculate consumer
loads, utility system heat balances, and emissions to the atmosphere on an hourly basis.
Parametric analyses with respect to indoor temperature, thermal energy storage, electric load,
hot-water consumption, building thermal insulation, and conventional HVAC systems were included.
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The effect of size and density of the housing development was also investigated with
respect to electrical and thermal energy service, solid-waste treatment and disposal , liquid
waste treatment and disposal, and water supply. Costs for four conventional electrical and
thermal energy system models are also estimated.

A summary is presented of a study in which an analytical substitution of MIUS is compared
with the conventional utilities in an existing housing development. Finally, the energy con
sumption, emissions, and private costs of MIUS, compared with those for conventional utilities,

are summarized.
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3. DESCRIPTION OF TECHNOLOGIES

The technology under assessment is the Modular Integrated Utility System (MIUS) as proposed
for use instead of conventional utility systems to supply dwelling units and associated commer
cial facilities with electricity, space heating and cooling, potable and fire-protection water,
and liquid- and solid-waste collection, treatment, and disposal. Impacts will be evaluated
with respect to the differences between the consequences of MIUS and those of conventional
systems; thus, all characteristics required to define the current and projected status of MIUS
must also be determined for conventional systems. Furthermore, each of the two types of utility
systems encompasses several extensive fields or major subsystems of utility technology: electric
and thermal energy generation and distribution, solid- and liquid-waste systems, and potable
water supply.

There were three objectives of this section of the assessment:
1. to define and describe the major subsystems and components considered most

likely for MIUS and for conventional utilities with which MIUS will be compared;
2. to document such data as cost, performance, resource requirements, effluents,

and other characteristics necessary to determine relative MIUS-to-conventional
impacts;

3. to determine those direct effects of MIUS use (such as relative fuel consumption,
cost, and emissions) that require comparative analyses of specific models.

There are many feasible combinations of components and subsystems which could be used to
provide complete utility service, and, in real practice, final selection and optimization will
depend on local parameters such as climate, population level and density, design and mix of
buildings, domestic utility demands, geology, water, land, and fuel resources, and the avail
ability of existing conventional utility systems. Of the local parameters listed above, geology
and the availability of resources and existing systems are a part of the state of society in
which the housing development will exist, and the remaining parameters make up the consumer
model being considered. An assumption basic to this assessment is that residential-commercial
developments of various size, building mix, and location (i.e., the consumer models) will be
constructed to satisfy needs of the projected market regardless of how utility services are
supplied. The impacts to be considered are those that result from the substitution of MIUS for
conventional systems to serve a given, projected set of consumer models. Thus there will be no
relative impacts from consumer differences; however, the consumer model(s) must still be defined
in adequate detail Tor the determination of demands and consumption of utility services vs
time, which leads to the selection of components and subsystems for the supply and distribution
of services and the resulting demand and consumption of resources.

An extensive background in MIUS technology exists in previously reported evaluation studies
of individual components and subsystems. The objectives of the evaluation studies were to de
termine the present status, cost, performance, emissions, etc., of candidate types of components
and subsystems required by a MIUS and, where possible, to determine trends of future development.
Generally, results showed that the technology necessary to build a MIUS currently exists but
would require the assembly and integration of many separate components and sUbsystems from many
different vendors. In this assessment, selection of particular components and subsystems for
use in MIUS concepts is based on conclusions and recommendations of the technology evaluations.
Most data used in this assessment will be documented herein, but the evaluation reports refer
enced in later sections contain more detail pertaining to recommended and alternative equipment.

Other studies which contribute to the basis of MIUS and conventional technology for this
assessment include concept recommendations for near-term MIUS and MIUS-to-conventional systems
model comparisons for service to hypothetical and actual consumer models. These model studies
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are a valuable contribution to understanding relative MIUS-to-conventional effects, but the
scope of this assessment is not meant to be limited to these particular system or consumer
models.

The approach used in the following parts of this section to describe the broad range of
technologies applicable to MIUS and conventional utility systems was to first present a general
discussion of overall MIUS concepts, recommended types of major components and subsystems, and
factors that influence system synthesis; and second, to describe technologies applicable to
each of the major subsystems. The electric subsystems of MIUS and conventional utilities have
little in common and are described individually in Sects. 3.2. and 3.3. With the other sub
systems (space heating and cooling and the sanitary utilities), however, the differences between
MIUS and conventional utilities are more related to size and less to basic technology. De
scriptions of these subsystems are organized by subsystem type in Sects. 3.4 through 3.7 with
each including both MIUS and conventional applications.

The third objective of this section was to estimate the dominant direct effects of MIUS
operation in comparison with conventional utilities, including private cost, consumption of
fuel and other resources, and emissions to the environment. Quantitative estimates require the
synthesis of specific consumer and system models followed by systems analyses based on selected
models and weather data. A large number of possible combinations of consumers, system config
urations, and locations could be assembled; but the scope of analytic effort could be reduced,
without significantly narrowing the scope of the assessment, by concentrating on a small number
of cases. A significant advantage of comparative evaluations is that resulting differences or
ratios of effects (e.g., cost or fuel consumption) are much less sensitive to certain character
istics of the consumer model than are evaluations based on absolute values. The approach of
Sect. 3.9 was to temporarily focus on a single set of models for detailed analysis and to
explore the sensitivity of results to variations in consumer and system characteristics. The
extrapolation of results and the conclusions from sensitivity studies were then used to estimate
average effects from the nationwide application of MIUS.

3.1 DESCRIPTION OF MIUS CONCEPTS

The followingMIUS concepts are directed primarily to installations serving building
development modules of 100 to 3000 dwelling units and associated commercial facilities. The
type of utilities provided will depend on many factors and must be tailored to a specific
application. Some of the factors which influence the selection of the various subsystems of a
MIUS are climate, population density, total population, consumer mix or demand, local geology,
and local resources such as water, fuel, and land. It is assumed that all utilities (electricity,
heating, air conditioning, potable water, fire-protection water, and solid- and liquid-waste
collection and disposal) are provided onsite. This implies that the MIUS will be a completely
independent system with no interconnection to other utility systems. However, it should be
understood that the eventual disposal of solid waste and treated liquid waste may be offsite.
Table 3.1 lists the major subsystems and the types of subsystems considered applicable, based
on technology evaluations and preliminary model analyses.

Internal-combustion piston engines (gas, diesel, or dual fuel) are recommended for the
prime movers. Final selection of the type will depend on the availability and dependability of
fuel supplies. The best choice for the heat-recovery system will probably be a 240 to 250°F
system suitable only for single-stage absorption chillers. A complete commercial package is
available only for the ebullient heat-recovery system. Heat rejection from the system may be
by cooling tower or to a pond. The pond, in addition to serving as the heat-rejection system,



Table 3.1. t<1a.jor subsystems and types of subsystems applicable for near-term MIUS

A. Prime Movers

*1) Internal combustion piston
engines (gas, diesel, or dual
fuel) .

D. Space Heating

B. Heat Recovery

1) Ebullient (240 to 250°F).

2) Forced-convection hot water
(21W to 250°F).

E. Space Cooling

C. Heat Rejection

*1) Cooling pond.

2) Cooling tower - wet or dry.

F. Domestic Hot Water

*1) Central TE plant with two-pipe
hot water distribution system
(auxiliary heat from oil or
gas and possibly solid waste).

*1) Central TE plant with two-pipe *1)
chilled vrater distribution sys-
tem (compressive and single-
stage absorption chillers)

Heat supplied from central
plant through a two-pipe
hot water system (i.e., the
part D.l system).

2) Some may be as follows:

a) Apartment building heaters
with gas, oil, or elec
tricity.

b) Apartment building heat
pumps (air-to-water or
"\'later-to-water) with sup
plemental heat from gas,
oil, or electricity.

c) Individual. apartment or
home heaters with gas, oil,
or electricity.

d) Individual apartment or
home heat pumps (air-to
air or water-to-air) with
supplemental electric
heat.

2) Some may be as follovrs:

a) Apartment building compres
sive air-conditioning
system.

b) Apartment building heat
pmnps (air-to-water or
vrater-to-water).

c) Individual apartment or
home compressive air
conditioning units.

d) Individual apartment or
home heat pumps (air-to
air or water-to-air).

2) Some may be as follows:

a) BuiJning hot water
heater using gas, oil,
or electricity.

b) Building hot water
heater with preheating
from heat pump compres
sor discharge and sup
plemental heat by gas,
oil, or electricity.

c) Individual apartment or
home hot water heaters
using gas or electricity.

d) Individual apartment or
home hot water heater
with preheating from
heat pump compressor dis
charge and supplemental
heat by gas or elec
tricity.

W
I.....,



G. Potable water

*1) Ground water (well) with dis
infection and finished water
storagea

2) Surface water supply (stream,
lake, reservoir) with complete
treatment, including sedimen
tation, coagulation, floccula
tion, filtration, disinfection,
and finished water storageb

3) Surface water supply with slow
sand filter, disinfection, and
finished water storageC

Table 3.1. (continued)

H. Fire protection

*1) Separate piping system using
liquid waste treatment plant
effluent and pond for storage

*2) Separate piping system using
untreated supply water and
pond for storage

3) Potable water system with large
lines and storage system

I. Liquid waste collection

*1) Gravity-flow sewers

2) Pumped system

3) Vacuum system

W
I

00



J. Liquid waste treatment

1) Biological (secondary) treat
ment (sedimentation, aerobic
biological process, and dis
infection)

2a) Biological-physical treatment
(sedimentation, aerobic bio
logical process, filtration,
and disinfection)

b) Biological-chemical treatment
(sedimentation, aerobic bio
logical process, nutrient
removal, including coagulation
flocculation and disinfection)

3) Biological-chemical-physical
treatment (sedimentary bio
logical treatment, coagulation
flocculation, and carbon
adsorption)

4) Physical-chemical treatment
(sedimentation, coagulation
flocculation, filtration, and
disinfection; additional
processes such as nitrogen
removal and carbon adsorption
may be used where suitable)

Table 3.1. (continued)

K. Solid waste collection

*1) 14anual

2) Automatic vacuum system

L. Solid waste disposal

1) Incinerataon and sanitary
landfill; no heat recovery

2) Incinerataon and sanitary
landfill; heat recovery from
the incinerator

3) Sanitary landfilld

W
I

<0

*Preferred or essential element.
aSoftening or other treatment may be required.
bNew technology may be employed; both pre-engineered systems and components are available.
°Other treatment may be required.
dLandfill site controlled by cost or regulations; possibly on-site.
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may be used as a source of water for fire protection, to hold up the runoff of storm water, and
in some areas of the country to serve as a solar energy collector and water supply for a water
source heat-pump system. The pond is preferred unless land values preclude its use.

The space heating, space cooling, and domestic hot-water subsystems listed in Table 3.1
overlap in several cases. The type, or perhaps the combination of subsystems used, will depend
primarily on the climate and population density. The high-population-density areas would be
supplied heat for space heating and domestic hot water through a two-pipe hot-water distribution
system, with space cooling provided by a separate two-pipe chilled-water distribution system.
A two-pipe system may be acceptable, but needs further evaluation of its merits relative to the
four-pipe system. Individual dwelling units in a low-population-density area could be heated
and cooled by air-to-air heat pumps (with auxiliary electric heat), with heat for domestic hot
water from gas or oil. Heat recovered as a result of generation of electricity for these heat
pumps could be used in the district heating and cooling system for the high-population-density
area. An alternative combination could be the use of individual package or split air condition
ing units, with heat for space heating provided by gas, oil, or electricity. Larger buildings
in the low-population-density area could use air-to-water heat pumps (with auxiliary electric,
oil, or gas heat), with heat for domestic hot water from oil, gas, or electricity, or they
could use a central compressive air conditioning system with heat for space heating and do
mestic hot water by oil, gas, or electricity.

Medium-population-density areas could be served by any of the above systems; however,
there are two other methods that should be considered. Because of the higher value of low
temperature heat for heating purposes, as compared with cooling, this area could be supplied
with heat from a hot-water distribution system and cooled by individual apartment or apartment
building air conditioning units. The second method is to use water-to-water or water-to-air
heat pumps. This method requires a two-pipe water loop which serves as both a heat source and
heat dump. The water source or dump improves the coefficient of performance for both heating
and cooling, and during the spring and fall when both heating and cooling are needed, the heat
rejected from those units supplying air conditioning is used as the heat for the units supplying
heat. This system can also use low-grade heat from the engine lube-oil coolers, aftercoolers,
liquid-waste effluent, solid waste, and possibly solar heat collected in a pond. During ex
tended cold periods, heat would be added to the loop by a gas- or oil-fired boiler.

The final selection will probably be based on obtaining a good balance or match between
the heat available from the engines and the heat demand on the district system, while maintaining
a reasonable match between the maximum summer and winter electrical demand.

Potable water for the installation would be from a ground (well) or surface (stream, lake,
or reservoir) source. Groundwater, if available in sufficient quantity and reasonable quality,
is preferred. A minimum level of treatment would consist of disinfection, but additional
treatment for removal of hardness, iron, manganese, taste, and odor could be included as
necessary. Treatment of surface water depends on the quality of the water, availability of
land and local resources (s~nd), and climate. Treatment may be by a package plant which in
cludes sedimentation, coagulation, flocculation, filtration, and disinfection. An alternative
approach would be slow sand filtration followed by disinfection plus additional treatment as
necessary. Dual disinfection systems such as chlorination-ozonation or chlorination-ultra
violet are recommended.

Two methods of supplying water for fire protection are considered. The first is a con
ventional system using potable water. Because of the much greater capacity requirements for
fire protection as compared with domestic use, the conventional sy~tem requires a much larger
potable-water distribution system and a much larger storage system. The second method is to
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provide a separate fire-protection system. The water storage reservoir for this system would
be a pond with the water supply being the normal water supply (untreated) or the effluent from
the liquid-waste treatment plant. Use of liquid-waste effluent would be advantageous for
conserving water in installations where the fire-protection system would also supply process
water for industrial, commercial, or agricultural uses and for MIUS heat rejection.

The liquid-waste collection system will probably consist of gravity-flow sewers except
where geologic or topographic reasons prevent their use. Where gravity sewers are impractical,
either pumped or vacuum sewers would be used. These latter systems may reduce the installation
cost but require greater operating cost. The type of liquid-waste treatment plant that one
uses, biological or physical-chemical or some combination of these, will depend on the effluent
quality required and possible uses of the effluent for process purposes. Biological treatment
is less expensive than physical-chemical treatment; however, the effluent produced by a phys
ical-chemical plant is lower in final BOD (biological oxygen demand), suspended solids, and
nutrients. Treatment systems are available as package plants or can be built up of various
units to provide effluents with various qualities. Depending on the effluent quality, further
treatment may be necessary to use the water for process purposes.

Solid-waste collection in small installations or in low- or medium-population-density
areas will be done manually. Automatic vacuum collection systems should be considered only in
high-population-density areas, as, for example, those with buildings of five or more stories.
Three methods of disposal - sanitary landfill, incineration, and incineration with heat
recovery - are considered.

It is obvious from Table 3.1 that the total number of combinations of possible subsystems
is enormous (>lOO,OOO). However, once the location, consumer mix, size, layout, and process
water uses are known, the combinations can be quickly reduced to a manageable number. Figures
3.1 through 3.4 are schematic diagrams of some of the combinations discussed above.
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3.2 MIUS ELECTRIC UTILITY TECHNOLOGY AND RELATED THERMAL ENERGY

3.2.1 General

The power plant equipment for a MIUS includes most of the components required for both
electrical energy generation and thermal energy production, whether related to heating or to
cooling. These components are housed in a central equipment building designed to meet the
specific needs of the components, as sized for each system. The schematic arrangements in
Figs. 3.1 through 3.4 show some concepts that relate the equipment to the overall system. Basic
components of the electric and thermal energy system for a MIUS consist of prime movers, a
heat-recovery system, a heat-rejection system, auxiliary boilers, heat exchangers, a district
heating and cooling system, absorption and compressive refrigeration equipment, building supply
and return headers, and connections for auxiliaries. These components are illustrated schemat
ically in Fig. 3.5 for equipment used in the MIUS model, Sect. 3.9, except that a specific

method of heat rejection is not shown. Prime movers that might be used for a MIUS are discussed
in Sect. 3.2.2; the district heating and cooling system is discussed in Sect. 3.4.

The prime movers with the required control and electrical distribution switchgear, and
with the engine cooling, lubricating, and exhaust systems, constitute major components in the

central equipment building. As shown in Fig. 3.5, using ebullient-cooled engines as an illus
tration, each engine has a closely coupled heat-recovery boiler. Such engine-cooling systems
are adaptable to diesel, natural-gas, or dual-fuel engines, but would not apply to small gas or
steam turbines. However, regardless of the methods of engine cooling or heat recovery, the
prime movers must be sized solely to meet the peak electrical demand established for the system
on the basis of predicted load and engine-generator reliability.

The heat-recovery boilers are added to commercially available engine-generators to provide
a total-energy system capable of meeting most of the space heating and domestic hot-water
requirements of a proposed housing project. However, since only part of the engine cooling and
exhaust heat is recoverable, and since the recoverable heat is dependent on the engine generator
and its operating characteristics, the recoverable heat will not always meet the maximum combined
hot-water demand. Therefore, auxiliary boilers are necessary. For MIUS with gas turbines and
exhaust-heat-recovery boilers, supplementary firing may be added to meet peak heating demands.

Other components, such as heat exchangers, excess-steam condensers, pumps, and related
fluid-flow-control equipment, are necessary for the district hot-water (HW) piping systems to
properly control temperature, pressure, and flow of HW to meet the space heating and domestic
HW demands of the housing complex.

The insulated piping supply and return mains connecting the central equipment building to
the HW distribution system, discussed in Sect. 3.9.7, are necessary adjuncts to the power plant

equipment. Also, piping connections to some form of plant heat-rejection system, usually to
cooling towers or ponds, are integral to the system, as shown schematically in Fig. 3.5.

Selection of the type of cooling equipment for a MIUS is also directly related to the
energy demands that determine the selection of the prime movers. The types of cooling equip

ment most adaptable to MIUS district cooling or chilled-water (ChW) distribution systems are
either motor-driven, compressive or absorption-type chillers. The compressive chillers are
either motor driven and thus require an electrical load that adds directly to the other peak
summer electrical loads and may affect the choice of prime mover, or else must be driven di
rectly by some of the prime movers. Absorption chillers, on the other hand, add very little to

the electrical demands and depend on the recoverable heat from the thermal energy created by
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the prime movers. In fact, it is assumed that heat recovered from the prime movers furnishes
the heat to the absorption chiller without use of the auxiliary boiler, and the absorption re
frigeration equipment is sized and used on the basis of the recoverable heat in excess of that
required for domestic HW during the summer months. However, generally speaking, the maximum
amount of recoverable heat from the prime movers in a MIUS that can be supplied to absorption
refrigeration equipment and converted to ChW is insufficient to meet the maximum cooling re
quirements of the housing complex served by the system. Therefore, the ChW production equipment
consists of both absorption and compression chillers. The space cooling loads and the basis
for the selection of chillers are included in Sect. 3.8.4.

Other ChW components such as the ChW distribution pumps, equipment cooling pumps, plplng,
and controls are necessary to effect the delivery of ChW for low-temperature thermal conveyance
and meet cooling load demands. Also, both the absorption chiller and the motor-driven chiller
must be connected to an adequate plant heat-rejection system.

3.2.2 Types of prime movers considered

3.2.2.1 Current technology

Current economic and technology considerations limit the choice of prime movers for near
term applications to gas and steam turbines, spark-ignition gas engines, and compression
ignition diesel and dual-fuel engines. Small steam turbines are of interest only in applications
in which the ratio of the heat-to-electrical usage is very large (15 to 20). Small gas turbines,
because of their relatively low electrical efficiency (~20%) and high excess-air requirements,
are primarily of interest in applications in which heat usage is four to five times that for
electricity. The internal-combustion piston engines are the most efficient of the prime movers
available today, having both good electrical efficiency (~30%) and good overall thermal effi
ciency (~80%). From an overall fuel-use standpoint and with a recovered heat use typical for
dwelling units, a MIUS system needs an electrical efficiency of about 20% to perform as well as
a conventional utility system in which electricity is supplied by a new, large power plant and
heat is supplied by boilers located onsite.

The installed cost of internal-combustion piston-engine-generator systems, including the
heat-recovery equipment, automatic controls and switchgear, and lube oil system, is about
$250/kW. The costs for a simple open-cycle gas-turbine-generator system will be about $275/kW.
Neither of the above amounts includes any cost for building space or for onsite fuel storage.
The size and weight of gas turbine generators are less than those of piston-engine generators
and will result in some savings in building costs which will partially offset the increased
cost of the units. Small conventional steam-generator units with their required auxiliaries
will cost about three times as much as the piston or gas turbine installations. Figure 3.6
gives the installed cost for engine-generator systems.

The maintenance cost for engine-generator units, especially piston units, depends on the
number of operating hours and therefore on the operating load factor, the engine manufacturer,
and the quality of the maintenance. Assuming good quality equipment and maintenance procedures,
costs for piston engines range from $1.04 to $1.55 per operating hour, with gas turbine costs
being slightly less than those of piston engines. Figure 3.7 gives maintenance costs for
engine-generator systems.

Further information on prime movers, including reliability information, is given in the
MIUS program technology evaluation report. 1
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3.2.2.2 Future technology

Other prime movers that may be considered as future candidates for MIUS are Rankine cycles,
fuel cells, Stirling engines, or, possibly, coal-fired gas turbines. System characteristics of
Rankine cycles and Stirling engines are included in ref. 1. Also, a report on the most recent
development of the Stirling engine is available from Philips Laboratories, a Division of North
American Philips Corporation. 2

The Stirling engine shows promise of an electrical efficiency of about 40%, with another
45% of the fuel heat input going to the cooling water. The ultimate potential of the Stirling
engine for MIUS applications depends on the maximum allowable cooling-water temperature and the
effect of the higher cooling-water temperature on the engine efficiency and reliability.

The primary advantage of the organic Rankine cycle is that it enables one to use a simple,
relatively inexpensive turbine. The efficiency of the system is about the same or slightly
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less than that of gas turbines and is rather marginal. However, the system could be used in a
combined cycle with either a gas turbine or a piston engine to improve the overall electrical
efficiency of small MIUS installations.

Several research programs on fuel-cell development are being continued by engine and
turbine manufacturers, but economic production of efficient units may not be realized for many
years. The gas turbine coupled to a coal-burning furnace is also still in the design and
development stage, and although it is not a candidate for near-term MIUS applications, it holds
promise of being competitive for future applications.

The increasingly difficult supply situations for gaseous and liquid fuels has placed
greater emphasis on development of the fluidized-bed coal-combustion system. A conceptual
evaluation study3 concluded that, in urban areas, the most promising system using coal having
to 5% sulfur content was one in which coal is burned in a fluidized bed of limestone. It was
estimated that 90% of the sulfur in the coal would combine with the lime to form calcium sulfate,
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thus drastically reducing emissions of S02' Further discussion of the fluidized-bed coal
combustion system for application in MIUS can be found in ref. 4.

3.2.3 Heat recovery of prime-mover candidates for MIUS

The amount of recoverable heat and the systems required for its utilization for domestic
heating and cooling are major considerations in the selection of prime movers for a MIUS.
However, heat-recovery factors must be considered in conjunction with electrical generating
efficiency as well as the ratio of thermal-to-electrical energy used at various engine loads.

Internal-combustion engines and gas turbines currently have the most attractive combi
nations of electrical efficiency and heat-recovery factors for MIUS application. Comparatively,
the full-load electrical efficiency of the piston-engine-generator units is between 29 and 34%,
and for the simple gas turbine generator the range is 17 to 21%. The electrical efficiency of
the gas and dual-fuel engines and gas turbines drops off at part load and will be 1.5 to 2.0
points less at 70% load. Diesel engine efficiencies are essentially constant from 70% to full
load. Figure 3.8 shows the performance values for 900- to 1200-rpm gas-engine-generator units
of 100 to 1000 kW. Figure 3.9 gives the performance for diesel-engine-generator units of
similar rpm and size. A factor that should be noted is that diesel engines are traditionally
rated on the higher heating value (HHV) of the fuel, which is about 5% greater than the lower
heating value (LHV), whereas gas engines are rated on the LHV, which is usually about 10% less
than the HHV. Since a diesel-engine generator has a higher electrical efficiency, the amount
of waste heat that can be recovered in relation to the power output is less than that for a gas
engine. For the evaluation studies in this assessment, a heat-recovery rate of 4500 Btu/kWhr is
recommended for diesel engines of about 500 kW with a load factor of 60 to 100%. It should be
emphasized that this heat-recovery rate is for smaller high-speed units. Low- and intermediate
speed engines are much larger per unit of output, have a smaller fraction of heat going to the
jacket water, and have a larger percentage of heat lost from the lube oil, aftercooler, and
radiation and convection from the engine. The ratio of the heat recovered to electric power
output for the large units ranges from 0.7 to 1.0 (2400 to 3400 Btu/kWhr).

A comparison of the overall thermal efficiency, defined as the sum of the electrical
output and heat-recovery rate divided by the fuel energy input, is shown in Fig. 3.10. 1

Without using auxiliary boilers or supplemental firing, the maximum thermal efficiency is about
80% for piston engines and about 73% for gas turbines; the corresponding ratio of maximum heat
recovery to electrical output is 1.5 to 1".6 for piston engines and about 2.4 for gas turbines.
The only advantage of gas turbines is that the hot exhaust gases, which contain about 400%
excess air, can be used directly with supplemental firing to obtain thermal efficiencies above
that for piston engines at ratios of utilized heat to electrical output above about 4.5. How
ever, for apartment complexes in most parts of the United States, the percentage of time that
thermal demand exceeds 4.5 times electric demand is small. Thus, on a yearly average, the
piston engine will have a better overall fuel utilization.

3.2.4 Prime movers recommended for MIUS

An evaluation of prime movers 1 with waste-heat recovery to supply electricity demands and
some of the thermal energy demands of housing developments indicates that reciprocating engines
in sizes from 300 to 2000 kW are most adaptable. Selection of engine generator type and size
must be based on several major assumptions pertaining to fuel economy, cost, and reliability.



8000

3-22

ORNL-DWG 73-10134

-.:
..r::::
~
.:.<:

--::J....
co
UJ
I
<t:
a::
>a::
UJ

>o
u
UJ
a::
I
<t:
UJ
r

7000

6000

5000

18,000

"- 16,000..r::::
~
.:.<:

---::J...
co
UJ
I-
<t:

14,000a::
I-
<t:
UJ
r
UJ
z
(;l
z 12,000
UJ

10,000
o 20 40 60 80 100

ENGINE LOAD (%)

Fig. 3.8. Gas engine performance and heat-recovery rate. [A generator efficiency of
about 95% is included in these heat rates; lower heating value (LHV) used.]

The major factor that affects total installed generating capacity is the assumption of complete
independence of the onsite total-energy plants, without a tie-in to any other local utility
system.

A MIUS power generation subsystem will consist of several parallel engine-generator units,
and the overall system reliability will depend on the availability of the individual units, the
number of units, and the excess capacity installed. l The reliability of a power system, however,
will be controlled principally by economics. It is possible with present-day technology to
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achieve almost any degree of service reliability, but the costs involved dictate the adaption
of a level suitable for consumer needs rather than the maximum attainable level. 5 The need for
high reliability dictates that some fraction of the design peak generating demand be supplied
by one of several uniform-size prime movers, such that the MIUS will have sufficient spare
generating units. l A minimum of two spare units is assumed supplied to allow for a malfunction
of one unit while another is out of service for routine maintenance.

One method of measuring reliability is by comparison of the consumer hours of service
actually rendered with the consumer hours that would have been rendered if there had been no
service interruption. 5 An analysis of one MIUS installation l having four 500-kW engine gen
erators and a critical electrical load of 1000 kW gave a reliability of 0.99986 or 8758.8 hr/year.
Reliability ratios of about 0.9980 or 8758.2 hr/year are reported to be experienced by conven
tional utilities customers in this country.5

The service reliability requirements will vary with the nature of the load and the area
being served. 5 A very high degree of reliability is considered essential for metropolitan
downtown areas, since a service interruption' in these locations adversely affects large groups of
individuals and businesses, and continuous operation of eleVators and other public facilities
is essential. A corresponding level of reliability, however, is not considered economically
justifiable in a low-density residential area. To attain such reliability would entail costs
that would be excessive for the improvement in reliability thus obtained.

Factors pertinent to fuel economy in a MIUS must consider both electrical generation
efficiency and the percentage of heat recoverable from the prime mover, and these, in turn,
depend upon the relative demand of thermal to electrical energy, as well as the operating
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temperatures of the system. Internal-combustion engines are most suited to the relatively low
power demands of total-energy installations where electricity for dwelling units is the primary
product and the low-grade heat recovered is the by-product. The installed cost of internal
combustion piston-engine-generator systems including heat-recovery equipment, automatic controls,
switchgear, and auxiliaries is slightly less than for a simple open-cycle gas-turbine generator,
but all the factors involved in annual owning and operating costs must be realistically eval
uated for a particular application before design criteria can be determined for prime-mover
selection.

Industrial generators and switchgear are available in a wide range of types, sizes,

voltages, and speeds, and with a variety of control and protection devices which can be matched
to the selected prime movers and to the total diversified electrical load requirements of a

specific installation. When the consumer complex is served completely by a central MIUS gen
erating plant, the electrical power distribution system could consist essentially of the primary

feeders at generator voltage supplying distribution transformers that step down to utilization
voltage at the consumer level.
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3.2.5 Emission factors

Emission rates at various loads for four-cycle, turbocharged, diesel-engine generators
with precombustion chambers are shown in Table 3.2. These data were supplied by the Cater
pillar Tractor Company for diesel model No. D398(TA) using No.2 distillate oil. 6 Based on the
emission data published by the Environmental Protection Agency (EPA) for precombustion-chamber
diesel engines and spark-ignition gas engines, engines generally emit up to twice as much
nitrogen oxides (NOx)' up to ten times as much hydrocarbons (HC), and a comparable amount of
carbon monoxide (CO) relative to a precombustion-chamber diesel engine; however, particulate
emissions are lower with a gas engine. Sulfur dioxide (S02) emissions from a natural-gas-fired
engine, with 130 g of sulfur per 106 ft 3 of gas, are decreased by a factor of 430 relative to a
diesel engine run on No.2 distillate oil with 0.3 wt %sulfur. These sulfur contents are
representative values for natural gas and No.2 distillate oil and are used in the analysis of
MIUS emissions in Sect. 3.9.6. Sulfur dioxide emissions for fuels of different sulfur content
can be obtained by proportion. Emissions from an oil-fired diesel engine were based on the
emission rates in Table 3.2; factors of 5.0, 2.0, and 1/430 were applied to these data for HC,
NOx' and S02, respectively, for estimates of natural-gas-fired engine emissions.

Table 3.2. Exhaust emission information - Caterpillar diesel engine

model D398 (TA) at lZOO rpm on No. Z distillate oil (ref. 6)

Assumed Emission rate
r~l Generator (g/hr)

Load Efficiency a b
SootC('fa) kW ('fa) BliP HC CO NO:a S02

100 475 94.4 675 40 560 4608 250 30

75 356.25 94.6 505 35 450 3353 187 25

50 237.50 93.8 340 105 380 2391 127 28

25 118.75 91. 3 173 320 440 1443 75 45

0 0 0 570 960 120 31 75

aCorrected to 75 grains humidity.

bC~lculated SOZ for 0.1% by weight sulfur in fuel. The sulfur
content of the fuel oil employed in this report was 0.3%.

cBased on smoke density measurements.

NOTE: These data are from a 180°F jacket water aftercooled turbocharged
engine. The NOZ values from a 130°F water cooled aftercooler
engine should be somewhat lower.

Source: Personal communication from R. D. Henderson, Caterpillar Tractor
Company, to A. P. Fraas, Oak Ridge National Laboratory, June 30,
1972.
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3.3 CONVENTIONAL ELECTRIC UTILITIES TECHNOLOGY

3.3.1 Structure of the electric utility industry

The conventional U.S. sources of electric power generation by types of ownership are
shown in Fig. 3.11. The principal U.S. source is the total electric utility industry, which
includes all plants commonly associated with contributing to the nation's supply.l

The investor-owned segment consists of about 400 systems, which is less than 12% of the
nearly 3500 systems that make up the total electric utility industry. In terms of any index
of size, however, such as kilowatts of generating capacity, the investor-owned segment is by
far the largest, accounting for about 78% of the total electric utility industry capability.2

The investor-owned systems generally serve prescribed areas pursuant to territorial
franchises granted by state or local government agencies. The sizes of the investor-owned
systems range from among the largest in the nation, with annual sales in excess of 90 million
MWhr, to some of the very smallest. The 200 largest systems own and operate more than 75% of
the generating capacity and serve about 80% of the customers of the total electric power
industry.

The government-owned electric utilities account for about 21% of the total generating
capacity; the remaining 1% comes from cooperatively owned electric utilities financed by the
Rural Electrification Administration (REA). These REA-financed cooperatively owned electric
utilities are quite diverse in makeup. Of a total of some 2100 separate systems, about two
thirds are engaged solely in the distribution and resale of electricity purchased from bulk
power suppliers. The other one-third operate generating facilities, either as part of an
integrated generation-transmission-distribution system or to supply power for distribution by
others.

3.3.2 Projections of electric powel' requirements in the United States

3.3.2.1 Summary of forecasts

Seventeen forecasts published from 1952 to 1968 for electric power requirements in the
United States for the period 1970 to the year 2050 are summarized in ref. 3. At the time this
summary was submitted, the estimate prepared by the National Fuels and Energy Study Group4 was
selected as the most likely by the Committee on Interior and Insular Affairs of the United
States House of Representatives. The committee noted that of estimates submitted by seven
authorities, five had a common area of agreement at around 2700 billion KWhr in 1980, and this
level was accepted as the most likely in 1980.

In September 1972, a revised analysis and appraisal of energy demand studies was trans
mitted to the committee. s This appraisal contained 35 estimates, which, in general, used
similar projection techniques and data, made similar assumptions, and, not surprisingly,
obtained similar results. Most of the studies were based on assumptions of only gradual
technological change, constant relative fuel prices, unrestricted fuel availabilities, no
major changes in government policy, only moderate swings in the business cycle, and cold-war
defense energy consumption. The more recent studies tended to project higher values, reflect
ing the higher energy consumption rates of the last ten years that earlier studies were unable
to incorporate into their calculations of trends.
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Fig. 3.11. United States sources of electric generation by type of ownership. From
Statistical Yearbook of the Electric utility Industry, EEl Publication 72-75, Edison Electric
Institute, New York, 1971, with permission from Edison Electric Institute.

The projected values of generating capacity to the year 2000 are plotted in Fig. 3.12.
The projections of the U.S. Department of the Interior and the Federal Power Commission essen
tially coincide and are slightly less than those of Electrical World, but, in general, are
somewhat greater than those of the U.S. Atomic Energy Commission. Figure 3.13 is a plot of
net electrical energy generation. In 1980, the net annual electrical energy generation is
shown to range from about 2.7 x 10 12 kWhr to about 3.2 x 1012 kWhr. By the year 2000, annual
electric energy generation could range from about 7.9 x 10 12 to around 9.3 x 10 12 kWhr, having
an estimated mean value of about 8.6 x 10 12 kWhr.

3.3.3 Electric system load patterns

A characteristic weekday load pattern of a metropolitan district utility is shown in Fig.
3.14. The daily load curve is a composite of demands made by the various categories of con
sumers. Industrial users make their heaviest demands in the morning, and a considerable part
of the load has disappeared before demand for lighting in the afternoon nears its peak. Com
mercial users make their heaviest demands in the afternoon and early evening. The highest
demand for residential lighting occurs from 7:00 to 8:00 PM, when commercial demand has receded
from its peak and is rapidly dissipating. Air conditioning is shifting these curves for some
systems to create daytime peaks during hot weather. Electric house heating builds heavy
evening and morning loads during cold weather.

Under normal conditions the system load curves for Monday through Friday are about the
same. The Saturday and Sunday load curves of systems that have considerable commercial or
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Fig. 3.12. Estimated electric-generating capacity. (Data from refs. 2,6,7, and 8-10.)

industrial load, or both, show the effects of the weekend shutdown of shops and factories. The
system load curves will generally vary with the season, depending on such considerations as
darkness occurring earlier in winter, air conditioning load on a hot summer day, irrigation
pumping, etc.

Systems that serve predominantly residential and commercial customers usually experience
a rapid load buildup in the morning, a reduction during midday, a peak during the early evening
hours, and very low loads after midnight.

Substantial data are available for the determination of residential loads in terms of
lighting and minor appliances, space heating, air conditioning, and major appliances (Sect. 3.8).
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Although the commercial sector is a substantial and growing consumer of electrical energy,
very little information has been found to describe its load characteristics. The tremendous
variety existing in the commercial sector makes it difficult to analyze its energy usage and
accurately forecast its demand. The commercial sector interfaces with both the residential
sector (with respect to apartments, etc.) and the industrial sector and consists of retail and
wholesale establishments, office buildings, hotels/motels, hospitals, schools, etc. Generally,
office buildings, stores, hospitals, and hotels/motels are now highly (80-90%) saturated with
air conditioning, whereas schools represent a virtually untapped (~10%) market. The use of
electric heat for space heating is steadily penetrating into the areas of the nonresidential
market formerly dominated by the fossil fuels.
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Annual projected electric energy requirements by class of use in the contiguous United
States are given in Table 3.3. Industrial, residential, and commercial loads account for more
than 80% of the total electric energy requirements. The percentage of each yearly total used
by each category is essentially constant from 1965 to 1990.

Table 3.3. Annual electric energy requirements by class
of use in the contiguous United States

Category of Use

Historical

1965 1980

Projected

1990

ElteIT;C Utilities
Residential (Nonfarm) , .
Irrigation &ePrainage Pumping .
Other Farm .
Commercial .
Industrial .
Street & Highway Li,%ting .
Electrified Transport .
Other Uses .
Losses & Unaccounted For .

Total Utility .

Industrial Establishments
In-Plant GenerationC .

Total. ..

MiDion Percent Million Percent Million Percent
MWh MWh MWh

254 24.0 755 24.6 1,409 24.2
11 1.0 23 0.7 34 0.6
27 2.5 60 2.0 97 1.7

190 18.0 577 18.7 1,138 19.5
436 41.3 1,257 40.9 2,386 40.9

9 0.9 23 0.8 40 0.7
5 0.5 7 0.2 8 0.1

32 3.1 105 3.4 214 3.7
92 8.7 268 8.7 502 8.6

1,056 100.0 3,075 100.0 5,828 100.0

102 .......... 127 .......... 150 ..........

1,158 .......... 3,202 .......... 5,978 ..........

g;Includes residential use on farms; other residential uses iD. rural areas included under "Residential."
Excludes electrification of automobiles.

a Excludes industry sales to electric utilities.

Source; Federal Power CO!lllllis.sion, The 1970 Na.tiQl1.a~ Power' Survey~ Part I,
Washi~ton, D.C., December 1971.
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3.3.3.1 The Philadelphia Electric Company

System peak demand, generation, and reserves for a typical electric utility (Philadelphia
Electric Company) through the year 1985 are given in Table 3.4. The Philadelphia Electric
Company's system peak load has been increasing about 6% per year compounded. Table 3.4 shows
total installed and available electric generating capacity (both base load and peaking power)
and peak-power demands for 1962 through 1972, in addition to planned new power generation,
predicted peak demands, and firm purchases, as provided by the company, for 1973 through 1980.
In the years 1967, 1968, 1969, and 1971, some voltage reductions and voluntary customer-load
curtailments were in effect.

Figures 3.15 and 3.16 show the summer and winter system load curves, respectively, for the
Philadelphia Electric Company. The Sunday load curve is assumed to consist predominantly of
the residential sector, with some contribution from the commercial sector. The weekday load
curve is for all sectors (residential, commercial, and industrial). The summer load curves
show the peak load occurring at about 2:00 PM during the week, with the minimum load occurring
at 5:00 AM. In contrast, the Sunday load curve peaks at about 10:00 PM, with the minimum at
7:00 AM. During the winter. the load curves (Fig. 3.16) show the peak load at 6:00 PM during
the week, with the minimum at 4:00 AM. On Sunday, the winter peak load occurs at 7:00 PM, with
the minimum at 6:00 AM.

3.3.4 Basic elements of a modern conventional power system

The basic elements of a modern conventional power system for the generation, transmission,
and distribution of electrical energy to residential, commercial. and industrial consumers are
shown schematically in Fig. 3.17. The generation. transmission, and primary substations are
indicated above the dashed line, and the load (except for large industrial customers) and
distribution are shown below the line, although all of the elements are more or less inter
mingled in most actual installations.

3.3.4.1 Bulk-power supply stations

The principal sources of power generation in modern electric utility systems are repre
sented by the five stations shown above the dashed line in Fig. 3.17. The electric energy
distributed by the utilities is derived either from fuel combustion, from the flow of water
through a turbine, or, more recently, from nuclear fission. A small utility may have less than
five stations, whereas a large utility may have more than a hundred, and the size of each
utility may range from a hundred to many millions of kilowatts.

3.3.4.2 Power generation by type of station

The capacities of generating units are increasing rapidly and are expected to continue to
increase. Until 1960, when the first 450-MW(e) unit was placed in service, the nation's larg
est generating units had a capacity of 335 MW(e). In 1970, a substantial fraction of the new
base-load capacity consisted of 500-MW(e) or larger units. Many units of 1000 MW(e) and larger,
including nuclear units, are now under construction, and unit sizes may reach the order of
2500 MW(e) by 1990. 2 The maximum sizes of fossil-fueled and nuclear steam-electric units
anticipated by the Regional Advisory Committees of the Federal Power Commission (FPC) are
listed in Table 3.5.



Table 3.4. System peak demand. generation. and reserves
of the Philadelphia Electric Company

Year

Annual
output

(106 kWhr)

App.licant
predicted

output (106 kWhr)

Peak-load
demand

(I4W)

Applicant
predicted

demanda
(14W)

Total system capacity
(MW)

Available Installed

Reserve capacity
(14W)

Available Installed

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

14.937
15.661
16.695
17.862
19.330
20.170
22.109
23.469
24.441
25.045
26.351

27.921
30.230
32.387
34.724
36.809
41.600
44.300
47.200
50.300
53.100
56.000
59.000
63.000

2.721
2.926
3.134
3.366
3.673
3.727b
4.375e

4.592a
4.712
4.922e

5.313
6.020
6.670
7.240
7.850
8.400
8.950
9.570

10.1l0
10.680
1l.240
1l.830
12.470
13.160

4.009 4.111 282 384
4.164 4.800 -211 425
4.594 5.066 2 474
4.475 5.357 -237 645
4.780 5.928 -142 1.006
4.851 6.136 -462 823 w

I

6.405 385 w
w

7.649 979
8.511 1.271
8.985 1.135
9.385 985
9.985 1.035

1l.155 1.585
12.050 1.940
13.189 2.509
13.189 1.949
14.349 2,519
14.349 1.879
15.849 2.689

aBased on probability of temperature occurrence once in ten years.
bVoltage reduction and voluntary customer-load curtailment in effect.
eVoltage reduction in effect.
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Table 3.5. Maximum size of generating
units anticipated by regional

advisory committees
[Megawatts1

Fossil Nuclear Fossil Nuclear
Region

1980 1990

Northeast ....... 1,200 1,200 1,500 2,000
East Central. ... 1,300 1,500 2,000 2,500
Southeast ...... . 1,200 1,200 1,500 2,000
West Central .... 800 1,500 1,100 2,000
South Central. .. 1,060 1,060 1,700 1,700
West........... 1,000 1,200 1,500 2,000

Source: The 1970 National Power Survey,
Part I, a Report by the Federal
Power Commission, Washington,
D.C., December 1971, p. 1-18-3.

Less than one-fifth the energy distributed by electric utilities is now derived from hydro
plants. Companies situated in areas where abundant water was available originally developed
power systems supplied only by hydro, and for many years water power accounted for about 30 to
40% of the total generation. In recent years, as loads grew and exceeded the capacity of
available hydro sites, thermal generation became necessary to deliver firm power.

About 74% of the energy distributed by the electric utility industry in 1972 came from
fossil fuel, most of which was generated in conventional steam plants. Although conventional
steam plants produce practically all the energy that comes from burning fossil fuel, three
other types in use are: (1) the mercury-steam cycle, (2) the internal-combustion reciprocating
engine, and (3) the gas turbine.

The FPC data2 on Power generation by type of capacity, actual for 1970 and projected to
1990 in Fig. 3.18, show the increasing dependence on steam-electric plant generation. The most
significant change in the composition of future generating capacity is the apparent increasing
reliance on nuclear capacity. Nuclear power generation is expected to increase from less than
2% of total capacity in 1970 to nearly 40% in 1990.

Figure 3.19 shows the net production of electrical energy by primary sources from 1970 to
the year 2000. Annual net generation is expected to increase from about 1614 billion kWhr in
1971 to 9010 billion kWhr in the year 2000, for an average annual growth rate of 6.1%.

The fossil-fuel inputs to the electrical sector necessary to achieve these growth rates
are shown in Fig. 3:20. The total fossil-fuel inputs will increase for 14.24 x 10 15 Btu in
1971 to 25.2 x 1015 Btu in the year 2000. Coal shows a continued increase throughout the
entire period, whereas natural gas shows a continued decline. Petroleum shows an increase
between 1971 and 1985 and a decrease thereafter, indicating a peaking demand for petroleum
somewhere between 1985 and the year 2000.

The growth of nuclear power in the United States and the rest of the world was forecast by
the USAEC in ref. 10. Three forecasts were presented: a most likely, a high, and a low case.
The forecasts of total nuclear generating capacity in the United States, given in Table 3.6,

are based on an evaluation of announced, or known, plants and on extrapolations of trends in
energy consumption and electric-generating capacity. The total capacities and expected dates
of operation of known plants have been used in deriving the "most likely" forecast. The "high"
and "low" forecasts are based on estimates of the earliest and latest probable dates of commer
cial operation of these known plants. Table 3.6 indicates the range of uncertainty in the rate
of nuclear plant additions, but the "most likely" projection, used in Fig. 3.18, is in agreement
with other projections.
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Figure 3.21 summarizes the projections of total generating capacity of all facilities and
installed capacity by type of steam-electric plant. The probable cumulative mix of steam
electric plants for the years of particular interest in this assessment are also shown in
Table 3.7.

The capacity of existing nuclear generating units, those under construction, and those on
order as of June 30, 1971, totals 98,520 MW. The FPC now estimates that nuclear capacity will
constitute 21% of the total electric utility generating capacity in 1980 and 38% in 1990.
With one exception, the nuclear power reactors now in operation and being constructed are of
the thermal light-water type, in contrast to fast-reactor concepts.
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3.3.4.3 Net additions of generating capacity by type

One ground rule of this assessment was to base MIUS-to-conventional comparisons of direct
effects (such as cost, fuel consumption, and emissions) on the new conventional plants becoming
operational in the year of interest. Since FPC and AEC projections are in good agreement with
each other and with the U.S. Department of the Interior (Fig. 3.21), these data were used to
determine the mix of net steam-electric plant additions shown in Table 3.8.

Based on projections described herein, most electrical generation by steam-electric plants
in 1985 will be from coal and nuclear fuel, and the continued availability of fuel oil and gas
over the life of a base-loaded plant beginning service in the 1980-1984 period is questionable.
It was assumed, for this assessment, that new fossil-fueled steam-electric plants, with which
MIUS is compared, are entirely coal-fired plants.
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Table 3.6. Forecast of U.S. nuclear power capacity, GW(e)

Calendar Most Likely High Low

Year Addi- Cumu- Addi- Cumu- Addi- Cumu-
tions lated tions lated tions lated

1973 15.2 28.9 17.5 31.2 8.0 21. 7
1974 13.4 42.3 17.8 49.0 13.3 35.0
1975 11, 9 54.2 7.9 56.9 17.1 52.1
1976 7.0 61.2 6.2 63.1 3.7 55.8
1977 8.1 69.3 12.0 75.1 8.8 64.6
1978 17.4 86.7 21, 5 96.6 10.8 75.4
1979 16.6 103.3 20.2 116.8 22.3 97.7
1980 28.3 131.6 27.2 144.0 29.3 127.0
1981 25.4 157.0 28. 172. 24. 151.
1982 26. 183. 33. 205. 22. 173.
1983 28. 211. 37. 242. 26. 199.
1984 33. 244. 44. 286. 29. 228.

1985 36. 280. 46. 332. 28. 256.
1986 40. 320. 48. 380. 28. 284.

1987 44. 364. 51. 431. 31. 315.
1988 46. 410. 56. 487. 32. 347.
1989 47. 457. 55. 542. 33. 380.

1990 51. 508. 60. 602. 32. 412.

1995 67. 811. 82. 972. 41. 602.
2000 83. 1200. 122. 1500. 43. 825.

3.3.4.4 Power transmission

Virtually all electric power transmission in the United States is by means of alternating
current, and the past decade has seen a rapid expansion in the use of 345- and 500-kV ac as
primary transmission levels. Prior to 1969 the highest transmission voltage in the United
States was 500 kV; in the fall of 1969 the first 765-kV transmission facility was placed in
service, and by 1980 some 3500 circuit miles of 765-kV transmission may be in use. 2

Construction costs of overhead transmission lines are estimated to range generally from
$55,000 per circuit mile for 69 kV to $190,000 for 765 kV. Substation costs are estimated at
40% of the total transmission investment. 2

Since underground construction costs of high-voltage lines using currently available
technology are many times those of overhead lines, overhead construction is expected to con
tinue to be used for most new transmission lines. Transmission line rights-of-way can be used
for many unrelated secondary purposes. Possible uses include cultivation of Christmas trees
and other nursery stock; gardening, general agriculture, and pasture; plant food and cover for
wildlife; and various recreational purposes such as hiking trails, bicycle paths, etc. Major
transmission lines of 230 kV and higher, which were in service in 1940 and are projected to
1990, are shown in Table 3.9. Using the generating capacity additions per ten-year period from
the data of Fig. 3.12 and the transmission line total mileage additions from Table 3.9, the
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Fig. 3.21. U.S. electric power generating capacity.
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Table 3.7. Probable cumulative mix of installed steam-electric
plant capacity for the years 1975. 1985. and 2000

1975 1985 2000
Percent Percent Percent

Type of Plant Ca~acity of Ca~acity of Ca~acity of
[10 MW(e)] Total [10 MW(e)] Total [10 MW(e)] Total

Fossil steam 320 66.7 470 51.4 660 33.0

LWR 54 11.2 261 28.5 720 36.0

HTGR 0 0 20 2.2 100 5.0

LI-IFBR 0 0 0 0 400 20.0

Total steam-electric 374 77.9 751 82.1 1880 94.0

Total installed 480 100 915 100 2000 100
capacity

Table 3.8. Mix of net steam-electric plant additions
for the years 1975, 1985, and 2000

Percentage of steam-electric capacity additions in
Plant type 1975 1985 2000

Fossil 52 31 23

LWR 48 59 20

HTGR 0 10 3

LMFBR 0 0 54

Table 3.9. Transmission line mileages in U.S •• 230 kV and above

1940 ...
1950 ..
1960 .
1970 .
1980 ..
1990...

230kV 287 kV 345 kV 500kV 765 kV ±4oo kV(dc) Total

2,327 647 . .................... 2,974

7,383 791 ............... . ........... 8,174

18,701 1,024 2,641 13 ............. 22,379
40,600 1,020 15,180 7,220 500 850 65,370

59,560 870 32,670 20,180 3,540 1,670 118,490
67,180 560 47,450 33,400 8,940 1,670 159,200

Source: The 1970 Nationat Power Survey, Part I, a Report by the Federal
Power Commission. Washington. D.C •• December 1971. p. 1-13-4.
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transmission line mileage additions power unit of generating capacity given in Table 3.10 were
calculated. Applying information from Table 3.10, it can be estimated that about 70 miles of
transmission line right-of-way, ranging from 20 to 50 acres/mile (165 to 400 ft wide), will be
required per 1000 MW of installed generating capacity.

Table 3.10. Transmission line mileage per unit of
additional generating capacity

Year
Generating capacity

[10 3 !,r;l (e) ]
Cumulative Addition

Transmission line
mileage
(miles)

Cumulative Addition

Miles per unit
capacity

[miles/10 3 MW(e)]

19'(0
1980
1990
2000

340
665

1,260
1,990

325
595
730

65,370
118,490
159,200
196,000a

53,120
40,710
36,800

163
68
50

aEstimated.

Average transmission and miscellaneous capital costs per net addition of capacity were
deduced from data and forecasts in ref. 6. Figure 3.22 shows the variation with time in con
stant 1973 dollars. Deflation by 5% is recommended to adjust costs to constant 1972 dollars.

Miscellaneous capital costs shown in Fig. 3.22 include those items not specifically ac
counted for in the generating plant, transmission facilities, or distribution system.

Total U.S. transmission and miscellaneous operating and maintenance expenses in 1972 were
$190 x 106 and $78 x 106 , respectively, and total electrical generation was 1.6 x 10 12 kWhr. 12

Thus, unit transmission and miscellaneous operations and maintenance costs of 0.12 and 0.05
mill/kWhr, respectively, will be applied in this assessment.

3.3.4.5 Switching stations

SWitching stations are for sectionalizing the system. There are two principal reasons for
sectionalizing: (1) to disconnect the system when trouble develops (faults or short circuits)
and (2) to facilitate maintenance or new construction. Switching stations are essentially
substations whose sole function is switching circuits in and out of service. They are usually
necessary only on long transmission lines.

3.3.4.6 Bulk-power substations

It is not good policy, and usually it is not possible, to run the high-voltage transmission
lines into the load area; therefore, they are terminated some distance away in high-voltage or
bulk-power substations. At the bulk-power substation, the voltage is stepped down to a value
suitable for the subtransmission and distribution systems. The equipment found in a primary
substation would include power and instrument transformers, lightning arresters, circuit breakers,
disconnect switches, capacitor banks, bus work, and a control house in which are located the
control equipment, protective relays, etc.
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Fig. 3.22. Forecast of transmission and miscellaneous capital costs per unit of net
capacity additions for the utility industry.

3.3.4.7 Subtransmission and distribution

Subtransmission designates that part of the system between the high-voltage transmission
and distribution systems. When a generating plant is located close to the load, there may be
no need for transmission lines from that plant; power can be fed directly into the subtrans
mission or distribution system. The voltage of the subtransmission system is intermediate
between the transmission and distribution voltages. Almost 9% of the total electrical energy
generated is lost in the transmission-distribution system. 13

The distribution system is the retail part of the system that serves residential and
commercial customers and some of the smaller industrials. This system has the final responsi
bility for maintaining service to customers at the correct voltage. On most systems, distri
bution represents from 35 to 45% of the total system investment and half the total system
losses. 2
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Primary distribution takes power from the distribution substations to the final stepdown
operation. Primary voltages are usually between 4 and 34.5 kV. Secondary distribution is the
part of the system through which power finally reaches a large portion of the customers. Power
to residential customers is fed through a distribution transformer that steps down the power
from primary feeder voltage to consumer utilization voltage.

The estimated cost of distribution facilities at 1968 price levels amounts to $718 per
customer. It is expected to be about $1200 per customer by 1990 because of increased require
ments per customer, more underground installations, and other factors.

The average national distribution costs per net addition of capacity are shown in Fig.
3.23 as constant 1973 dollars. Deflation by 5% is recommended to adjust costs to constant 1972
dollars. As previously mentioned, substation costs are estimated at 40% of the transmission
investment2 and are believed to be included in the distribution costs of Fig. 3.23. While it
is recognized that distribution costs vary widely between specific developments and system
designs, these average costs and detailed cost estimates of models used in previous studies of
the MIUS program are in good agreement. Table 3.11 shows electrical distribution costs derived
from detailed estimates of each study and as determined from Figs. 3.22 and 3.23. Figure 3.23
was used directly (with 5% deflation) to determine costs for conventionally served consumers.
For MIUS-served consumers, substation costs were taken as 40% of transmission costs (Fig. 3.22)
and subtracted from the cost found from Fig. 3.23.

Table 3.11. Comparison of electrical distribution capital costs
from detailed model studies, with costs estimated

from national averages

Electrical distribution cost,
(1972 $/peak kW)

Consumer model

Walden development
(1973)

720 Garden Apts.
(1972)

Utility system

Conventional
MIUS

MIUS
Conventional Model C

Conventional Model D

Conventional Model E

Conventional Model F

Average conventional
models

Detailed National
study averagea

108 105
84 81

90 92
137 118

92 118

168 118

80 118

119 118

aFigure 3.23 for conventional utilities, less 40% of transmission costs
(Fig. 3.22) for MIUS. deflated 5% for 1972 dollars.

3.3.5 Generating plant performance

The overall efficiency of an energy system is defined as the output energy of its last
stage in consumable form divided by the total input energy. The input energy is the sum of the
potential energy in the input fuel to the first stage plus any external energy necessary to
operate the various stages. According to the Council on Environmental Quality, overall systems
for producing and consuming energy are, for the most part, inefficient. 13 Table 3.12 shows
overall system efficiencies from fuel extraction to electricity delivery range from 10 to 25%.
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Table 3.12. Efficiencies of electric energy systems (in percent)

--
----~

System
Component

Total

Extraction I Processing I Transport I Conversion Transmission

Deep·mtned 661 921 981 38 91 18
oal ------------------ ------;;r----9-21-----9;-:----3-8 -----9-1-------

Surface-mined 23-_._---
Onshore ____~I____~[=__ 9;-1==~~1___~ 10

OIl --------------- -------
Otrshor~ ~I MI ~l ~ R 13

ural gas 73
1

97
1

98 1 38 91 :u

clear 98
1

87
1

100 I 31
1

91 18

Nat

Nu

Source: Energy and the Environment, EZectric Power, Council on Environ
mental Quality, August 1973, p. 28.

For electric power systems, a major source of inefficiency is the power plant itself. The
heat rate (the amount of heat in British thermal units) required to produce a net output of
1 kWhr of electric energy is generally preferred to conversion efficiency for evaluating gener
ating plant performance because it is more directly applicable to the determination of fuel
use. The heat rate is related to conversion efficiency as follows:

3412
Heat rate = Conversion efficiency , Btu/kWhr(e)
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Published net conversion efficiencies for modern fossil-fueled steam-electric plants in
the 1000-MW(e) range are shown in Table 3.13. Conversion efficiencies for nuclear plants are
listed in Table 3.14. Recommended values used in this assessment are also listed.

The capacity factor, defined as the total electricity generated in a year divided by the
electricity which could have been generated in a year based on the capacity available at the
end of the year, has remained constant at about 50% for several years. However, according to
Zarb,14 the Federal Energy Administration indicates that by introducing improved load manage
ment programs, the system capacity will improve to 57% by 1985. With improvements in the
overall electric utility system capacity factor, the capacity factor for base-loaded units will
also improve. Currently, Edison Electric uses a capacity factor of 65% for their economic
evaluations of both nuclear- and fossil-fueled base-loaded power plants. 1S

In the light of fluctuating electricity demands, the availability factor is a better
indication of the future capacity factor. The availability factor is defined as the ratio of
the time a power generator is available for service, whether operating or not, to the total
time in the period under consideration.

The availability of Commonwealth Edison's large base-load units from 1972 through 1974 was
75% for nuclear-fueled and 71% for fossil-fueled units. In 1974 the average availability and
capacity factors for all plants were 68.5 and 57.2% respectively.16 It is difficult at this
time to estimate the life-long capacity factor of new coal-fueled and nuclear power plants of
1000-MW(e) capacity because of limited operating experience. Based on past average operating
performances and anticipated improvements in electric utilities load management, this study
uses a 70% capacity factor for both nuclear and coal-fueled base-loaded power plants.

3.3.5.1 Emission factors for conventional central power plants

Emission factors for coal-fueled, conventional central-station power plants were taken
from Appendix A of Energy and the Environment - Electric Power by the Council on Environmental
Quality.13 Fuel conditions are 85% removal of sulfur oxide from 2.58 wt %sulfur-content coal

and 99% removal of particulates. Emission factors in terms of tons per year per 1000-MW(e)
plant representing controlled 1000-MW(e) central-station plants with a 0.75 load factor are
presented in Table 3.15. Table 3.15 also shows comparable emission factors derived from the
EPA's Standards of Performance for New Stationary Sources, (Dec. 16, 1972)13 for NO , S02'x
and particulates. With the emission controls assumed, the comparison of estimated release
rates and release limits shows that the release limits are essentially satisfied by the esti
mated release for all pollutants.

3.3.6 Steam-electric plant capital costs

Two computer codes have been developed at ORNL for estimating capital costs of nuclear- and
fossil-fueled plants as a function of size, location, and time. 1? These codes, called CONCEPT18
and ORCOST,19 are based on the assumption that any central-station power plant involves approx
imately the same major cost components, regardless of location or date of initial operation.
If the trends for these major cost components can be established as a function of time, loca
tion, and plant type and size, a cost estimate for a reference case can be adjusted to fit the
case of interest. Reference-plant cost estimates have been made to provide a data base for the
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Table 3.13. Net conversion efficiencies of fossil-fUeled
steam-electric plants in the 1000-!4W(e) range

Plants

Coal-fired
Once-through cooling

without 802 removal
with 802 removal

With cooling towers
without 802 removal
with 802 removal

Oil-fired
Once-through cooling

without S02 removal
with S02 removal

With cooling towers
without S02 removal
with S02 removal

Conversion efficiencies (%)

39.9a 38.ob 38.oe 37.ge
37.0a 37.0e

37.1a
37.0d

37.2e
36.2a 36.3e

37.1a 38.0b 38.0e
36.2a

36.3a
35.4a

Recommended
values

38.0
37.0

38.0
36.2

36.3
35.4

aData for 1000-MW(e) plant from L. L. Bennett, "Trends in Power Plant Capital
Costs," paper presented in the Energy in Soeiety course of the Environmental
Effects School at Oak Ridge National Laboratory, Feb. 22, 1973.
bData for 1000-MW(e) plant from Council on Environmental Quality, Energy and
the Environment, EZeetrie Power, Washington, D.C., August 1973.

eData from General Electric Company, EZeetrie UtiZity Systems and Praetiaes,
Schenectady, N.Y., 1968.

dData for 1300-MW( e) plant from b'nvironmentaZ Statement - Liquid-MetaZ Fast
Breeder Reaetor Program (draft), Vol. III, U8AEC Report WASH-1535, March 1974.

eData from D. E. Peterson et a1., ThermaZ Effeets of Projeeted Power Growth:
The NationaZ OutZook, HEDL-TME 73-45 (UC-12), Hanford Engineering Development
Lab, July 1973.
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Table 3.14. Net conversion efficiencies of nuclear steam-electric
plants in the 1000-MW(e) range

Plants Conversion efficiencies (%) Recommended
values

LWR

Once-through cooling 32.5 32.5a 31.0b 31a
32.0

34.1a

With cooling towers 31.5 31.8a 32.0d 31.0

LMFBR

Once-through cooling 40.0 40.0b 40.0

With cooling towers 38.8 40.0d 39.0

HTGR

Once-through cooling 38.7 40.ob 39.7a
40.041.6a

With cooling towers 37.5 37.5d 39.0

aData for 1000-MW(e) plant from L. L. Bennett, "Trends in Power Plant Capital
Costs," paper presented in the Energy in Soaiety course of the Environmental
Effects School at Oak Ridge National Laboratory, Feb. 22, 1973.

bData for 1000-MW( e) plant from Council on Environmental Quality, Energy and
the Environment, Eleatria Power, Washington, D.C., August 1973.
CJnata from Federal Power Commission, The 1970 National Power Survey, Part I,
Washington, D.C., December 1971.
dData for 1300-MW( e) plant from Environmental Statement - Liquid-Me tal Fast
Breeder Reaator Program (draft), Vol. III, USAEC Report WASH-1535, March 1974.

Table 3.15. Estimated release and release limits in
tons per year for controlled coal-fired 1000-MW(e)

plants with a load factor of 0.75

Coal-fired plant

Pollutant

CO

HC

NO
x

802
Particulates

Estimated
releasea

1,270

381

22,860

18,675

2,032

Release
limit

20,648

35,397

2,950

aEmission controls -85% sulfur removal and 99%
particulate removal.
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computer codes. The reference cost estimates for PWR, BWR, and coal- and oil-fired plants were
developed by United Engineers and Constructors under contract to the U.S. Atomic Energy Commis
sion. The cost estimates for HTGR and gas-fired plants were developed at ORNL.

The ORNL computer codes were used to generate capital-cost estimates of 1000-MW(e) steam
electric plants at the AEC's hypothetical Middletown site;20 these plants are projected to
represent new conventional generating capacity. Guidelines for the calculations are listed in
Table 3.16. The design-construction phase was assumed to begin in early 1972, and no esca
lation was included during construction. This observation gives resulting costs in constant,
early 1972 dollars. The estimates reflect plant design and environmental requirements appli
cable in early 1973, including the current cost addition for cooling system design to protect
the aquatic environment, noise abatement, safety-related factors, schedule delays, and near
zero-release radioactive-waste systems.

Table 3.16. Guidelines for capital-cost estimates
for 1000-MW(e) steam-electric power plants

Plant size: lOOO-MW(e), single unit, new site

Plant location: AEC Middletown site

Year design and construction started: Early 1972

Design and construction period

7 1/2 years for nuclear plants

6 years for fossil plants

Interest rate: 7%/year; compound

Workweek: 40 hours

Escalation rates

5%/year for equipment and materials

10%/year for site labor

Environmental assurance features

Natural draft evaporative cooling towers

802 removal systems

Cost basis: Early 1972 dollars value. Interest
during construction was included,
but escalation before or during con
struction was not included.

The resulting capital-cost estimates for coal, PWR, and HTGR steam-electric plants using
once-through cooling systems are shown in Table 3.17, with allowances for the additional en
vironmental assurance features of natural-draft cooling towers and sulfur removal.

The LMFBR draft environmental impact statement21 lists capital-cost estimates for 1300
MW(e) steam-electric plants with natural-draft towers and s~lfur removal (in 1974 dollars) as
follows:

Plant type 1974 dollars per kW(e) Normalized cost
LWR 420 1
HTGR 419 0.998
Coal 346 0.824
LMFBR 520 1.238
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The different escalation rates for labor and materials and the fact that the labor-to-material
ratio and the change in cost vary with plant size and type make it very difficult to adjust the
above figures to the same basis as estimates in Table 3.17. It is believed, however, that
relative LMFBR-to-PWR costs can be used with sufficient accuracy. Thus, capital costs for a
1000-MW(e) LMFBR in 1972 dollars were estimated to be 23.8% greater than those for the PWR 
$489/kW(e) with natural-draft cooling towers and $415/kW(e) with once-through cooling.

Table 3.17. Capital-cost estimates for 1000-MW(e)
steam-electric power plants [1973 technology,

early 1972 dollars/kW(e)]

Costs Coal PWR HTGR

Direct costs
Land
Structures and site facilities
Reactor or boiler-plant equipment
Turbine-plant equipment
Electric~plant equipment
Miscellaneous plant equipment

Subtotal, physical plant

Spare parts allowance
Contingency allowance

Subtotal, direct costs

Indirect costs
Construction facilities, equipment

and services
Engineering and construction
management services

Other costs
Interest during construction

Subtotal, indirect costs

Total cost, once-through cooling

Natural draft cooling tower allowance
Sulfur removal system allowance

Total cost, cooling tower and sulfur
removal

1 1 1
27 48 51
66 74 78
53 72 70
14 27 24

4 5 6

165 227 230

1 1 1
11 15 16

177 243 247

12 16 16

17 39 40

7 13 13
51 80 81

87 148 150

264 391 397

8 3 8
55

327 394 405

Table 3.18 presents estimated capital costs at 20 key locations throughout the United
States. 17 The differences in costs are due entirely to differences in site-labor wage rates
and estimated costs of site materials such as structural steel, reinforcing steel, concrete,
and lumber. Transportation costs for major equipment, plant design features for various
climates, and effects of labor productivity from one area to another are not considered. The
high-cost areas include California and extend from the midwest to the northeastern seaboard.
The low-cost areas are concentrated in the southeast but extend to Baltimore in the east and to
Denver and Seattle in the west. There is a spread of $66/kW(e) for gas-fueled plants to
$89/kW(e) for PWR plants from the lowest-cost area (Birmingham) to the highest-cost area (New
York City). All fossil fuels are not necessarily available in all 20 cities, and natural-draft
cooling towers are not the best choice for all climates.
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Table 3.18. Capital costs vs location for 1000-MW(e)
steam-electric power plants scheduled for

operation in 1980 [dollars/kW(e)]a

City PWR Coal Oil Gas

Atlanta 396 369 339 255
Baltimore 396 369 338 255
Birmingham 376 349 319 240
Boston 424 398 366 277
Chicago 422 396 364 275
Cincinnati 427 401 368 277
Cleveland 433 408 374 282
Dallas 384 356 327 246
Denver 395 368 337 254
Detroit 445 420 386 291
Kansas City 425 399 368 278
Los Angeles 432 407 373 281
Minneapolis 415 389 357 270
New Orleans 388 361 331 249
New York City 465 440 405 306
Philadelphia 418 392 360 271
Pittsburgh 421 395 364 275
St. Louis 421 395 362 273
San Francisco 445 420 385 290
Seattle 403 376 345 260

aEscalation rates are 5%/year for equipment and
materials and 10%/year for site labor.

3.3.6.1 Lead time for new generating facilities

Reliable projections for future electric power requirements are necessary to plan the
generation, transmission, and distribution facilities in proper relationship to the time of
need. Lead-time allowances of approximately four years (from initial planning to startup) for
large fossil-fired plants have been satisfactory in the past. However, current experience
indicates that lead times for all types of large steam-electric units are stretching into the
six- to eight-year range.

Lead time is dependent on both technical and nontechnical factors such as the following:
1. unit generating size;
2. conventioQal or innovative design of boiler, turbine, generator, or transmission;
3. type of turbine and generating equipment;
4. whether the unit is the first at the new plant site or an addition to an existing

plant;
5. public needs, attitudes, and desires;
6. approvals by regulatory bodies;
7. backlog of manufacturer's orders;
8. construction manpower problems.
Many currently authorized units were planned before the need for longer lead times became

evident, and delays of in-service dates of one to three years beyond those originally scheduled
are commonplace. Apparently, there is no reliable way to determine what lead times should be
provided for still undetermined energy or fuel policies, or for the involvement of individuals
and organizations with environmental concerns that sometimes immensely extend the regulatory
process. The Federal Power Commission encourages a planning cycle consisting of an annually
updated ten-year load forecast and an attendant construction program.
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Lead times from the point of purchase of steam-supply systems to commercial operation were
recently estimated to approach 7-1/2 years or longer for nuclear plants and 6 years for fossil
plants, compared with 6-1/2 years and 4-1/2 years, respectively, estimated in mid-1971. 17 The
longer lead times (from the point of awarding the contract for the steam supply system) can be
broken down as follows (in months):17

Action

PSAR preparation
Receive construction permit
Construction completed
Preoperational testing completed

Total months

Nuclear

6

30
84
90
90

o
22
66

72
72

The increase in lead times can be traced to two factors: (1) the longer time now estimated
to obtain regulatory approvals - approximately 24 months compared with previous estimates of
18 months for nuclear-fueled plants and 6 months or less for fossil-fueled plants - and (2) no
site construction can commence until the regulatory approvals are received, which adds about
6 months to the schedule when compared with the previous practice of starting site work prior
to receiving the construction permit.

There have been some indications from architect-engineers that lead times may become even
longer, possibly increasing to 8 years for nuclear-fueled plants and 6-1/2 years for fossil
fueled plants. Additional licensing delays are cited as the primary reason for the longer lead
times.

Annual fixed-charge rate

Annual fixed charges include the cost of money, depreciation, interim replacements, insur
ance, and taxes. These elements can be related to total capital investment and can be expressed
on a levelized basis as a percentage of the total investment. The precentage relationships
vary with the type of segment ownership, whether private, federal, municipal, or cooperative.
The percentages also vary by types of equipment. The estimated 1990 composite annual fixed
charge rates, derived by regions for various types of equipment, are given in Table 3.19.

3.3.7 Steam-electric plant operating and maintenance costs

Operating and maintenance (O&M) costs, excluding fuel burnup, include personnel payrolls,
supervision and engineering expenses, supplies and equipment, and related items required to
operate and maintain the plant at the desired level of output. O&M costs are generally related
to kilowatts of installed capacity, and they vary from region to region. The unit costs comprise
two components: (1) fixed costs incurred regardless of the plant capacity factor, and (2)
variable costs that are a function of plant output and operating hours.

Table 3.20 summarizes estimates of the fixed and variable components of the average annual
lifetime O&M costs of one- and two-unit, 1000-MW(e) steam-electric power plants for oil, coal,

and LWR designs. 22 The costs reported are for new base-load plants, with particulate emission
control and once-through cooling, located at the AEC hypothetical Middletown site20 and are
applicable to a new site as of July 1971. The trend of future plants is toward an increased
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Table 3.19. Estimated 1990 composite annual fixed charge rates

1990 Fix,d Charg, Ratts (Ptr,tnt)
Service Life in Years 30 30 3S 100 »-SO 3S

General Nuclear Generation Traits- Distri-
Region Plant Fuel ' mission bution

Fossil Nuclear GT&IC Hydro

Northeast ................. . 14.6 12.8 15.4 15.2 14.0 9.9 14.3 14.7
East Central. .............. 14.2 13.2 14.9 15.6 12.4 14.3 14.2 13.6
Southeast. ................. 11.9 10.9 12.7 13.2 12.3 9.9 12.4 1I. 7
West Central .............. 12.1 12.8 14.3 15.2 10.9 8.4 13.0 12.7
South Central. ......... 12.5 12.4 14.2 14.8 9.3 6.5 13.7 12.4
West...................... 11.4 12.0 13.9 14.4 9.9 9.1 12.1 12.4

Source: The 1970 National Power Survey, Part I, a Report by the Federal
Power Commission, Washington, D.C., December 1971, p. 1-19-6.

proportion of the total cost being fixed costs. A capacity factor (ratio of average load to
installed capacity) of 0.70 was assumed to calculate the unit O&M costs in Table 3.20.

It is estimated that S02 abatement systems for coal- and oil-fueled plants will add about
mill/kWhr to operating costs, as well as the added capital investment cost and capability

reduction.
The O&M expenses for mechanical- and natural-draft cooling towers have been estimated to

be 0.08 and 0.02 mill/kWhr respectively.23

3.3.8 Steam-electric plant fuel costs

3.3.8.1 Fossil fuels

In the judgment of the Federal Power Commission,2 fossil-fuel constant-dollar costs by
1990 are likely to increase by about 50% for coal and oil and about 100% for natural gas. To
these estimates must be added the projected effects of dollar inflation to estimate the costs
to consumers. The general increase in fossil-fuel costs is attributed to the higher costs of
producing cleaner fuels and of environmental and safety improvements in the mines and other
fuel-producing installations, despite the anticipated improvement in production process effi
ciency. The estimated "as-burned" fossil-fuel costs to electric utilities are given in Sect.
4.5.3. "As-burned" coal costs to electric utilities (in early 1972 dollars) for the years of
particular interest are:

Year

1975
1985
2000

Coal costs, cents/lOG Btu

37.7
42.0
45.5

Fossil-fuel unit costs are obtained by multiplying the projected fuel cost in $/106 Btu by the
anticipated plant heat rate in 106 Btu/kWhr.



Table 3.20. Summary of annual operation and maintenance costs for base-load
steam-electric power plants in mid-1971

Oil Coal Nuclear

Number of 1000-}M(e) units per station One Two One Two One Two

Capital cost, 106 dollars 150 214 180 264 200 310

Annual costs, 10 3 dollars
Staff 1088 1330 1233 1608 1178 1607
Fixed maintenance 487 650 585 780 650 867
Variable maintenance 262 467 315 560 650 1156 w
Supplies and expenses 276 367 320 442 372 544 I

U"1

Subtotal ZiTI 2814 2453 3390 2850 4174 O"l

Nuclear insurance 406 676
Total directs 2113 2814 2453 mo 3256 4850

Administrative and general 824 1097 957 1322 998 1461
Total 2937 39TI 3410 4712 4254 6311

Unit costs at 0.7 capacity factor, mi11s/kWhr
Direct (without nuclear insurance) 0.34 0.23 0.40 0.28 0.46 0.34
Nuclear insurance 0.07 0.06
Administrative and general 0.13 0.09 0.16 0.11 0.16 0.12

Total 0.47 "D.32 0.56 0.39 0.69 0.52
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3.3.8.2 Nuclear fuel

As described in Sect. 4.5.4, nuclear-fuel-cycle costs on a constant-dollar basis are
projected to decrease with time. Projected fuel-cycle costs for the years of particular
interest are:

Fuel costs, cents/106 Btu

Year

1975
1985
2000

3.3.9 Projected cooling systems

LWR

18.0
13.8
11.2

HTGR

14.1

12.0

LMFBR

4.1

Steam-electric plant efficiency, O&M costs, and environmental impact vary with the type of
cooling system used. Cooling system selection and design is, in turn, very dependent on local
site conditions and requirements for environmental protection. Thus, any projection regarding
the future use of particular systems is highly speculative; however, some trends are apparent
from reported systems for new plants [~500 MW(e)], under consturction or announced, listed in
Table 3.21. Once-through freshwater cooling decreased steadily to only 11% after 1977 and was
replaced by cooling ponds and cooling towers. Once-through cooling with salt water remained
about constant. There are at least two factors that may lead to increased use of cooling
towers and even less once-through freshwater cooling. The capital cost difference between
once-through systems and cooling towers is decreasing due to added expenses for water-intake
structures; there will be less economic incentive for once-through cooling. The second factor
is an increasing concern for the protection of the natural aquatic environment which may lead
to a ban on the use of once-through systems using fresh water; or, at least, approvals will be
more difficult to obtain.

Estimates of the cooling requirements for 1000-MW(e) steam-electric power plants are given
in Table 3.22. The estimates are made for 1980 and 1990 for both nuclear- and fossil-fueled
plants. The requirement per megawat-electric decreases slightly with time; more important,
however, is the allowable temperature rise across the condenser. The estimated national water
use for steam-electric power plant cooling up to 1990 is given in Table 3.23. 2 Dry cooling
towers were not considered in the ref. 2 studies because, although they might be likely for
some sites, it was believed that there would not be a large number of plants with dry cooling
towers.

3.3.10 Marginal cost of conventional electricity for MIUS-to-conventional comparisons

For MIUS-to-conventional comparisons, the cost of conventional electric utilities to a
particular development (a consumer model) will be the marginal cost of electricity required by
that development as supplied by some fraction of new capacity brought on-stream at the time of
interest. The type of new capacity considered is the projected mix of 1000-MW(e) steam-electric
plants determined in Sect. 3.3.4. The new capacity additions are assumed to operate base
loaded at a capacity factor of 0.7, but costs allocated to the development are based on the
actual capacity factor of the development.
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Table 3.21. Cooling systems planned for SOO-MW(e) and larger
steam-electric plant additions (percentage of

capacity with reported system type)

Cooling system 1969 1970-1973 1974-1977 Past
1977

Once-through cooling

River 38 22 19 8
Lake 13 14 3 3

Total fresh water 51 36 22 11

Saline 23 10 18 23

Cooling pond 6 16 14 23

Cooling tower 11 30 38 36

Combined Systems

Tower-river 7 6 6
Tower-pond 2 1 0
Tower-lake 0 2 0

Total combined 9 9 9 6

Total tower and combined 20 39 47 42

Percentage of total reported
capacity not included 0 26 25 56
above

Source: M. L. Myers, Oak Ridge National Laboratory, Oak Ridge, Tenn. ,
personal communication.

Table 3.22. Estimated cooling water requirements for 1,OOO-megawatt steam-electric
plant operating at full load

Condenser Flows·crs Consumptive Use, cfs
Plant For Various Temperature For Various Types of Cooling

Type 6f Plant Heat RateD Rises Acros. the Condenser
Cooling bBtu/kWh Once Cooling

10' F 15' F 20' F Through Ponds Towers c

Fossil (198O) ........... 9,500 2,080 1,390 1,040 12 16 28
Fossil (1990) ........... 9',000 1,890 1,260 950 10 14 26
Nuclear (198O). 10,500 2,920 1,950 1,460 17 22 40
Nuclear (1990) ......... 10,000 2,710 1,810 1,360 15 20 35

aFor fossil-fueled plants in operation in 1970, a heat rate of 10,000 Btu/kWhr, and a temperature rise of 13°F were
assu~ed, except where reported heat-rate data were available.

Where appropriate, an additional allowance was made for natural evaporation from the pond surface.
cEvaporative towers; includes blowdown and drift.

Source: Federal Power Commission, The 1970 National Power Survey, Part I, Washington, D.C., December 1971.
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Table 3.23. Estimated national water use for stearn-electric power plant cooling

I Average Annual Withdrawals of Fresh and Saline Water in 1,000 Cubic Feet Per Second

Existing Study A Study B Study C

SalineFreshSalineFreshSalineFreshSalineFresh
Year

49
118

8
16

114 73
100 146

153 133
301 288

1970...... 111 46 .
1980 .
1900 .

II Consumptive Use oj Fresh Water in 1,000 Cubic Feet Per Second

Year

1970 .
1980.... . .
1990 .

Existing

1.4

Study A Study B

4.3 5.8
10.1 13.8

Study C

6.6
14.7

aCompliance with criteria suggested by National Technical Advisory Committee (such as temperature rise) after
mixing of between 2 and SO F.

bPlants built after 1970 would have cooling ponds or towers or use ocean water with a long outfall.
cAll plants would have cooling ponds or towers or use ocean water with a long outfall.

Source: Federal Power Commission, The 1970 National Power Survey, Part 1, Washington, D.C., December 1971.

The marginal cost of electricity is the sum of the cost of the capacity added to supply
the peak development demand, the cost of operating and maintaining that capacity, and the cost
of fuel used to generate the electrical energy, along with a fuel savings credit to account for
the use of new, efficient plants during off-peak periods to provide service to other consumers
who would otherwise use less efficient plants. The calculation procedure to determine marginal
electricity costs assumes that all utility capacity additions are base loaded, and the procedure
does not account for capacity additions that are intermediate or peaking plants. Thus, the cost

of electricity is given by the following equation:

(1 )

where
C marginal electricity costs at the substation, mills/kWhr;
Cc total capital costs, $/kW(e);
Cf fuel costs for new plant, mills/kWhr;
Com total O&M costs, mills/kWhr;
Fu plant utility factor;
Fd development load factor (La/Lp);
La average development load during year, kW;
Lp design development load during year, kW;
Ffc levelized annual fixed-charge rate percent of capital cost;
f fraction of development peak load at time of utility peak load;
t number of hours during year (8760 hr);
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n new generating efficiency;
n efficiency of eliminated off-peak generation (0.3);
f t fraction of power lost in transmission.

Data to estimate the projected marginal cost of electricity for a MIUS development by
Eq. (1) in the years 1975, 1985, and 2000 are summarized in the following sections.

3.3.10.1 Plant utility factor (Fu)

The plant capacity factor is defined as the ratio of the total energy generated in a fixed
period of time (usually one year) to the total energy generating capability during the same
period, expressed as a fraction or percentage. Although current total system plant factors are
in the 60% range, greater use is anticipated and will be required in the future. A value for
new base-load plants of 70% is used for this study.

3.3.10.2 Development load factor (Fd)

The load factor (Fd) in Eq. (1) is defined as the ratio of the average load (La) to the

peak design load (Lp) for the particular development. These parameters will be evaluated in
Sect. 3.9 for a specific consumer model.

3.3.10.3 Fraction of peak load at the time of utility peak load (f)

Considerable judgment must be used in estimating the factor f in Eq. (1). Figure 3.14
shows characteristic metropolitan weekday load patterns. In the case of electric utilities,
data were available which indicated that the calculated peak demand of the reference consumer
model did not occur at the same time as the peak demand on a total conventional system. There
fore, a portion of the capacity required to meet the development peak was available to meet the
noncoincidental peak demands of other consumers. Thus, the fixed charges prorated to the
development were based on the capacity to meet the highest development demand (estimated to be
85% of the development peak) coincident with the conventional system peak.

3.3.10.4 Fixed-charge rate (Ffc )

The Federal Power Commission l estimated the average 1990 annual fixed-charge rates for
fossil-fueled and nuclear power plants with an overall mix of types of ownership to be 14.5%.
The levelized annual fixed-charge rate used for this study is 15% of all capital cost. For
cost-comparison purposes, other alternative conventional utilities and MIUS are assumed to be
owned and operated by a large organizational structure similar to the alternative conventional
electrical utilities. Therefore, the annual fixed charges are taken to be 15% of capital
investments for both MIUS and conventional.

3.3.10.5 Transmission losses (ft )

The value of this factor depends on the location at which the electrical demand for the
development is specified. As discussed in Sect. 3.3.5, transmission and distribution losses
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total 9% if the cost of electricity is for that at each dwelling, f t = 0.09, and if at the
generating plant terminals f t = O. Comparative model studies in Sect. 3.9 specified electrical
demand at the development substation and included a 5% loss for distribution; f t = 0.04 for
those cases.

3.3.10.6 New capacity owning and operating costs

Table 3.24 summarizes generating efficiency, capital costs, O&M costs, and fuel costs for
the projected mix of generating plant additions in the years of particular interest. The mix
of plant additions and the characteristics of each plant type were as determined in previous
parts of this section for 1000-MW(e) steam-electric plants. Parameters are shown both with and
without pollution-control features to illustrate the cost of environmental protection.

Table 3.24. Efficiency and costs of the projected mix of
steam-electric plant additions for the years
1975, 1985, and 2000 (constant 1972 dollars)

Once-through cooling Cooling towers
without SOx removal with SOx removal

1975 1985 2000 1975 1985 2000

Generating efficiency (n,%)

Capital costs. do1lars/kW(e)
Generating plant
Transmission
Miscellaneous

Total capital cost. Cc
O&M costs (mills/kWhr)

Generating plant
Transmission
Miscellaneous

Total O&M cost. Com'

Fuel cost. mills/kWhr
Coal plant
LWR
HTGR
LMFBR

Total fuel cost. Cf

34.9

325
58
22

405

0.62
0.12
0.05
0.79

1. 76
0.92
o
o
2:68

34.4

353
63
25

441

0.65
0.12
0.05
0.82

1.17
0.87
0.12
o
2.16

37.7 33.6

413 359
63 58
26 22

502 439

0.66 1.16
0.120.12
0.05 0.05
0.83 1.33

0.94 1.84
0.24 0.95
0.03 0
0.19 0
1.40 '2."79

33.2

374
63
22

459

0.98
0.12
0.05
1.15

1. 22
0.90
0.12
o
2.24

36.5

430
63
26

519

0.91
0.12
0.05
1.08

0.98
0.25
0.03
0.19
1.45
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3.4 HEATING AND COOLING FOR MIUS AND CONVENTIONAL UTILITIES

This section describes the performance and cost of heating and cooling equipment considered
applicable to MIUS and to conventional utilities.

Section 3.4.1 describes a typical MIUS heating and cooling subsystem which uses waste heat
and auxiliary boilers and chillers to produce hot and chilled water at a central equipment
building. The hot and chilled water is then distributed to each consumer building through a
district piping system to provide domestic water and space heating and space cooling.

Conventional systems include district systems similar to MIUS, having central equipment
within each apartment building and individual systems within each residence.

No clear distinction is drawn between MIUS and conventional heating and cooling technologies,
since a MIUS installation could serve low-density parts of a development with individual systems
such as heat pumps, and a conventional district system using centrally located boilers and chillers
could be used to serve medium- or high-density housing.

Space heating and cooling systems applicable to MIUS and conventional utilities can be con
veniently classified into one of four major categories. Each category has certain functional and
economic advantages that must be considered for a specific application. The generic classifications
for these systems are: (1) all-air, (2) air-water, (3) all-water (hydronic), and (4) direct
refrigerant.

A district system using all-water (hydronic) distribution is preferred for climate control in
a MIUS development. However, the system or combination of subsystems used will depend primarily
on the climatic conditions and the population density of the development, as discussed in Sect. 3.1.
The direct-refrigerant systems are more commonly associated with individual dwelling-unit equipment
such as window air conditioners and heat pumps.

3.4.1 District systems

District systems consist of boilers, chillers (refrigeration machines), pumps, and other
components centrally located within a development, plus the piping system that conveys the thermal
energy to the coils in fan-coil terminal units located in the conditioned space. In a typical
MIUS, waste heat is recovered from the prime movers used for generating electricity, and auxiliary
gas- or oil-fired boilers provide heat. Cooling is provided by the use of recovered waste heat
with absorption chillers and the use of auxiliary electrically driven compressive chillers.

Some major advantages of district water (hydronic) heating and chilling distribution systems,
when compared with direct-refrigerant systems (usually associated with small single-dwelling units)
are:

1. Less operating personnel and labor are needed for maintenance.
2. Because the larger units are more rugged, the long-time replacement costs are less.
3. Less space is devoted to mechanical equipment in individual buildings.
4. There is less noise and vibration in or near occupied and congested areas.
5. The overall operating efficiency can be substantially greater with larger equipment

operating near peak efficiency.

6. Because of staggered peak-load demand, the heating and cooling units in a district
system can have an output significantly less than the combined sum of individual
building units, without loss of reserve capability. The ratio of the measured
maximum load at peak periods to the sum of maximum demands of each segment or
separable subdivision of the total connected load is defined as the diversity
factor. A diversity factor of 85 to 90% is used for central building systems,
whereas 75% appears appropriate for district hydronic systems (ref. 1, p. 167).
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District systems are often the most efficient method of converting energy to a usable heating
and cooling medium, but the distribution system to deliver the desired cooling and heating to the
point of use is a sizable burden that must be considered in a comparative analysis of design
alternati ves.

3.4.1.1 Distribution piping systems

District hydronic systems for heating and cooling are commonly classified according to their
basic piping arrangement and function. Figure 3.24 shows schematic diagrams of basic two-, three-,
and four-pipe systems.

ORNL DWG. 76-13130

TERMINAL
UNIT

BOILER CHILLER

BOILER

TWO-PIPE SYSTEM

TERMINAL
UNIT

CHILLER

THREE-PIPE SYSTEM

BOILER CHILLER
TERMINAL

UNIT

FOUR-PIPE SYSTEM

Fig. 3.24. Schematic diagrams of two-, three-, and four-pipe systems. After ASHRAE
Guide and Data Book, Systems Volume, American Society of Heating, Refrigerating and Air
Conditioning Engineers, New York, 1970, p. 231, with permission from the American Society of
Heating, Refrigerating and Air-Conditioning Engineers.
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In the two-pipe system, either hot or chilled water is piped throughout the buildings to a
number of fan-coil units. One pipe supplies water and the other returns it. The hot-water
generator and the chiller are connected through valves or other means to the distribution system
piping, and provision is made for changeover of the system water from hot to chilled as the
heating or cooling requirements are changed.

The operating economies of this system can be significant when compared with most other
systems, since operation of the chillers is never necessary below the changeover temperature,
usually 60 to 65°F. Depending on the magnitude of internal heat loads, other systems can require
chiller operation at outdoor temperatures of 50 to 40°F or below. In the three- or four-pipe
system, the chillers and circulating pumps must run whenever anyone space in the building calls
for cooling.

Although two-pipe natural cooling systems generally have the advantage of lower operating
cost, and in many cases lower initial cost when compared with four-pipe systems, they have the
following disadvantages:

1. The class of terminal units and individual control systems may be more expensive
than conventional fan-coil or induction terminals.

2. Access to sufficient quantities of outdoor air may be difficult to achieve in
some applications.

3. Relatively large quantities of outdoor air may be required to achieve maximum
operating economies.

In the three-pipe system, two supply pipes, one carrying hot and the other chilled water,
make both heating and cooling available at any time. One common return pipe serves all fan-coil
uni ts.

Two separate piping circuits are used in the four-pipe system; one circuit carries hot water;
the other circuit carries chilled water. The modified fan-coil unit has a double or split coil,
part of which heats only and part of which cools only. Four-pipe systems can provide instantaneous
selective heating or cooling in any space, independent of the requirements in any other space.
This ability is of particular advantage in the following cases:

1. where individual-apartment control is provided;
2. where heating may be required in some spaces simultaneously with cooling in others;
3. where rapid changeover is required as a result of wide variations in outdoor

temperature during a 24-hr period;
4. where consumer buildings have year-round heating requirements supplied by the system,

such as for domestic water heating.

Four-pipe systems have the disadvantage of higher initial cost for the distribution system
and associated pumps and controls when compared with two-pipe systems. Also, the operating costs
are higher than for two-pipe natural cooling systems because of the additional pumping power
required and the longer operating hours for the chiller. The chillers must operate whenever any
space in the building requires cooling. In a system that can cool with outside air, the chillers
do not need to operate unless the outdoor temperature exceeds 60 to 65°F.

For applications such as MIUS, where both heating and cooling are required, the choice
between the use of a single- or multiple-zone two-pipe system and either a three- or four-pipe
system must be made by weighing the capital and operating costs of the systems against the comfort
and control requirements. A comprehensive discussion of the advantages and disadvantages of the
various systems is given in Chap. 18 of the ASHRAE Guide and Data Book, Systems Volume. 2
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3.4.1.2 Domestic water- and space-heating equipment

The energy for space and potable-water heating in a MIUS is primarily obtained from the
exhaust and water jacket of the engine-generator sets. Waste-heat-recovery boilers are provided
in the central equipment building for this purpose. However. during periods when the waste heat
from the engine generators is inadequate to supply the demand for hot water, a supplemental source
of heat energy must be provided. Gas- or oil-fired auxiliary boilers are usually installed for
this purpose. although electric boilers are available and may be advantageous in some instances.

Hot-water systems are classified as low-. medium-. or high-temperature. according to the
service conditions of the water. A low-temperature water system (LTW) is preferred for a MIUS
installation. The maximum allowable working pressure for low-pressure heating boilers is 160 psi,
with a maximum temperature limitation of 250°F. Steam at about 15 psig and 250°F is assumed to
be generated in the heat-recovery and/or auxiliary boilers. which is suitable for the ebullient
heat-recovery system described in Sect. 3.1. This steam is then used in steam-to-water heat
exchangers to heat water to 200°F for space heating. A part of the 200°F water is diverted through
water-to-water heat exchangers in each building to supply domestic hot water at about 150°F.

Space-heating boilers

In low-temperature systems. the most common heat source is the 30-psi hot-water-heating boiler.
constructed of cast iron or steel in accordance with the ASME Boiler and Pressure Vessel Code.
Sect. IV. for low-pressure heating boilers. These boilers may be fired with any of the conven
tional fuels: coal. oil, gas. or electric-resistance immersion elements. The ASME Code requires
that each low-pressure heating boiler shall be adequately protected by a relief valve to limit the
operating pressure to the value for which the boiler was designed. Low-pressure boiler design
considerations are discussed in Chap. 24 of the ASHRAE Guide and Data Book, Equipment Volume. 3

If fossil-fuel-fired boilers are used. some air emissions will be released. Table 3.25
presents emission factors for No.2 distillate oil and natural-gas-fired auxiliary boilers. 4

The distillate oil was assumed to contain 0.3 wt %sulfur. A total comparative assessment of
air emissions and their impact on air quality is provided in Sect. 3.9.6.

Table 3.25. Emission factors for auxiliary boiler

No. 2
Pollutant Distillate oil Natural gas

(lb/gal) (lb/106 ft 3 )

co 0.004 20

HC 0.003 18

N~ 0.0432a 0.6b

Particulates 0.015 19

aBased on 0.3% by weight sulfur in oil.
bBased on average sulfur content of natural gas

of 130 g/106 ft 3 (2000 grains).

The boiler performance efficiency is defined as the ratio of the heat absorbed by the water
and steam in the boiler to the heat content of the fuel. The following efficiencies are applicable
to current designs of boilers operated under favorable conditions at their gross output ratings:
oil- and gas-fired. 70 to 80%; electric. 90 to 99%.3



3-68

These efficiencies are obtained under conditions of steady-state operation and, therefore,
are higher than the seasonal efficiency actually obtained in service. Various factors, including
the standby loss during light-load or idle periods and the recovery rate of the boiler, have a
major effect on the overall fuel economy.

The analysis and selection of low-temperature heating boilers for MIUS and conventional
utilities is based on the following combination of loads:

1. Space-heating load. Procedures for determing the space-heating loads are described
1n Chap. 21 of the ASHRAE Handbook of Fundamentals. s Load characteristics and design
criteria for apartments and other public and institutional buildings associated with
MIUS are given in Chap. 3 of the ASHRAE Guide and Data Book, Applications Vo1ume. 6

2. Domestic hot-water load. Data for determining the domestic hot-water requirements and
loads are given in Sect. 3.8.2.

3. Distribution system losses. Heat losses from the hot-water distribution-system piping
are reported in ORNL/HUD/MIUS-22. 7

The low-pressure boiler in a MIUS provides for both space heating and domestic hot water.
Figure 3.25 could be a useful chart to determine the additional heating-boiler capacity required
to meet the recovery demands of the domestic water-heating load. The factor obtained from Fig.
3.25 is multiplied by the peak water-heating load to obtain the additional boiler output capacity

required.
ORNL DWG 76-13131

100

090

0.80

070

0.10
II:o
~ 0.50
c...

040

030

0.20

~--....
.-~

./t/
V

/

V
I
I FACTOR I HOT WATE" HEATING LOAD IN BTUH' ADDITIONAL BOILER CAPllCITY

I
0.10

o
0.25 0.50 075 10 2.0 3.0 4.0 5.0

" HOT WATER HEATING LOAD (BTUH)
ATIO' HEATING LOAD (BTUH)

Fig. 3.25. Sizing factors for combination heating and water-heating boilers. From
ASHRAE Guide and Data Book, Systems Volume, American Society of Heating, Refrigerating
and Air Conditioning Engineers, New York, 1970, with permission from the American Society
of Heating, Refrigerating and Air-Conditioning Engineers.

Since the boiler capacity is needed not only for the space-heating requirement but also to
supply the domestic hot-water demand, the chart indicates the reduction of additional heat supply
capacity for domestic hot-water heating if the ratio of hot-water heating load to space-heating
load is low.

This reduction is feasible, according to ref. 1, because:

1. The maximum space-heating requirements do not occur at the time of day when the
maximum peak domestic hot-water demands occur.

2. The space-heating requirements are based on the lowest outdoor design temperatures.
which may only occur for a few days of the total heating season.
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3. It is conventional practice to add additional heat supply or boiler capacity for
pickup and radiation losses. The pickup load cannot occur at the same time as the
peak hot-water demand since the building must be brought to a comfortable level
before the occupants will be using hot water. Pickup allowance is the estimated
increase in the normal load in British thermal units per hour caused by the heating
up of the cold system.

Hot-water heaters

For multifamily use, either residential or commercial water-heating equipment may be used.
Water may be heated by direct-energy input heaters or by indirect heating. The indirect method
of water heating used in MIUS employs hot water as the heating medium, and the available systems
are classified as either storage-type, semi-instantaneous, or instantaneous. The indirect-storage
water heater is designed primarily for service conditions where the hot-water requirements are not
constant or when a large volume of heated water must be stored to provide for periods of peak load.
The instantaneous-type water heater is applicable wherever there is a demand for a steady, con
tinuous supply of hot water. In this type heater, the water is heated instantaneously as it flows
through the tubes of the heating coil. The heating medium, either steam or hot boiler water, flows
outside the tubes through the heater shell. Semi-instantaneous water heaters are of the limited
storage type, with storage capacities determined to average momentary surges of hot water. Units
are made for both hot-water and steam-heat sources, and the heating medium is in the tubes.

3.4.1.3 Space-cooling equipment

Waste-heat energy not required for domestic hot water in the cooling season can be used
advantageously in absorption refrigeration equipment to produce chilled water for space cooling.
Additional required cooling capacity can be provided by conventional compressive-type refrigeration
machines. Chilled-water systems supply water for space cooling, usually at temperatures of 40 to
55°F and at a normal pressure not exceeding 125 psi. The chiller equipment (absorption and com
pressive refrigeration machines) and the chilled-water circulating pumps and compression tank are
located in the district central equipment building.

Absorption-type chiller

The MIUS technology evaluation report, ORNL/HUD/MIUS-7,8 presents a review of the suitability
of the LiBr-water absorption unit as a component that can be included in a MIUS. It is concluded
in ORNL/HUD/MIUS-7 that single-effect, LiBr-water, absorption-cycle refrigeration machines are
readily available, relatively simple, and reliable. The machines can be installed at costs
competitive with compressive refrigeration equipment and are available in sizes to meet the
requirements of a MIUS project. Also, double-effect units with a higher coefficient of perfor
mance (COP) can very likely be made available for the initial demonstration of a MIUS system.

The flexibility in supplying the required heat energy, the relatively low auxiliary electric
power requirement, and the conventional waste-heat disposal equipment required for an absorption
system presents considerable latitude in designing an air conditioning system for a MIUS.

When waste heat is available from electric-power-generating equipment, an onsite generating
plant using absorption units will save fuel over a conventional system supplying electric power
and using compressive refrigeration over a wide range of onsite plant system generating efficiencies,
conventional plant generating efficiencies, and waste-heat use rates. Figure 3.26 presents fuel
consumption comparisons for onsite generating plants and conventional all-electric utility systems
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Fig. 3.26. Comparison of fuel consumption by MIUS with that of a conventional system
providing equal services. Note: Absorption air conditioning heat rate = 18,000 Btu hr- I ton-I;
conventional plant efficiency = 36.4%.

providing the same service. The comparison considered only the basic portion of the system and
did not account for auxiliary heating or air conditioning when the loads are such that the waste
heat is insufficient to meet the demand. Other comparisons are presented in ref. 8.

Compressive-type chiller

The technology of compression-type refrigeration for air conditioning systems is well
established. The compression refrigeration cycle and the various types of mechanical refrige
ration compressors are described in ORNL/HUD/MIUS-19. 9

Compression-type refrigeration equipment can be used in MIUS applications to provide backup
air conditioning during periods when insufficient waste heat is available to operate absorption
equipment. Air conditioning systems operating on electrical energy supplied from conventional
utilities employ a self-contained cycle with either reciprocating or centrifugal compressors
driven by electric motors.

Figure 3.27 shows the energy flow for compression air conditioning systems with a gas engine,
generator, and motor. This type configuration would be applicable in MIUS onsite power generating
plants. If the energy is supplied from conventional utilities, the gas-engine generator would be
eliminated, but the transmission-distribution system line losses and the utility generating plant
energy-conversion efficiency would have to be considered to determine the equivalent fuel-energy
input.

The energy flow in Fig. 3.27 is based on a performance value of 1 hp/ton or 2545 Btu ton- I

hr- I . In terms of energy consumption over an entire air conditioning season, a reasonable mean
performance value would be 0.95 hp/ton for relatively large systems such as the district cooling
system for MIUS. This is because of enhanced efficiency when lower (than design) temperature
condensing cooling water is available and because of increased compressor efficiency at lower
than-rated capacity.
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Fig. 3.27. Energy flow diagram for compression air conditioning system that includes a
gas engine, generator, and motor. Note: Units are Btu per hour per ton of refrigeration,
except where otherwise noted. Horsepower and kilowatt values (in parentheses) are also per
ton of refrigeration.

In a chilled-water system, a ton of refrigeration produced at the evaporator (water chiller)
yields less than a ton of air conditioning at the remote fan-coil units, with the difference being
the rate of heat gain by the intermediate chilled-water piping. This effect is analyzed and dis
cussed in ref. 7. Also, in a direct-expansion system with remote air-cooling coils, the heat
gain by the longer refrigerant lines will represent an inefficiency to the extent that compressor
performance is not fully realized at the evaporator.

Power requirements

Heat-dump systems such as cooling towers are required for chiller systems. The power
requirements for pumps and cooling tower fans for a given chiller capacity are larger for
absorption-type systems than for centrifugal-chiller systems. Figures 3.28 and 3.29 give the
fan and pump power requirements as a function of size for centrifugal and absorption systems
respectively. Power requirements for the absorption system are greater than those for the
centrifugal-chiller system because of the greater heat rejection per ton of the less-efficient
absorption systems.

3.4.2 Central building systems

A central building system applies to individual apartment bUilding heating and cooling
systems with the equipment located outside the conditioned space, usually in the basement. The
heating and cooling equipment is similar to that of the district system described in Sect. 3.4.1,
except that no waste heat is recoverable from nearby prime movers. Low-pressure hot-water boilers
fired by coal, oil, gas, or electricity are available for heating, as described in Sect. 3.4.1.2,
and electrically driven compressive and absorption chillers are provided for cooling. Large heat
pumps providing both heating and cooling could also be installed in each building. Heat-pump
performance is described in Sect. 3.4.3.1. A central building system loses the advantage of
recovering waste heat but does negate the need for underground thermal conveyance between buildings.
Central building systems could be preferable for heating and cooling MIUS developments in medium
population-density areas or for heating and cooling large buildings in low-population-density areas.
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Fig. 3.28. Power requirements for cooling-tower fans and pumps for centrifugal-chiller
systems.

3.4.3 Individual dwelling systems

Individual dwelling units in low- and medium-population-density areas of a MIUS development
could be cooled and heated with direct-refrigerant systems, and augmented with electrical-resistance
heat as necessary. Direct-refrigerant systems are those that utilize a self-contained window and
wall-, roof-, or floor-mounted units for extracting or adding heat to conditioned spaces.
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3.4.3.1 Heat pumps

Heat pumps offer the potential for energy conservation in a MIUS or in a conventional
all-electric utility development by virtue of their capability for operating at COPs greater
than 1. The following three types of unitary heat pumps (see Sect. 3.4.3.2 for definition of

unitary air conditioners) are in general use:

1. The air-to-air heat pump is the most common unitary type because of its universally
available heat source and its simple application to smaller structures. The air-to-
air heat pump could be used to heat and cool individual dwelling units in low-population
density areas of MIUS, and the heat recovered as a result of generating electricity for
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these heat pumps could be used in a district heating and cooling system for high
population-density areas.

2. The water-to-air heat pumps use water (normally well water) as their heat source and
sink. Air is used to transmit heat to and from the conditioned space. These units
are proposed in MIUS to space condition the larger buildings in low-population-density
areas.

3. Water-to-water heat pumps are also proposed for low- and medium-population-density
areas. This possible MIUS application requires a two-pipe water loop which serves
as both a heat source and a heat dump. The water source or sink improves the COP for
both heating and cooling, and during the spring and fall when both heating and cooling
are needed, the heat rejected from those units supplying air conditioning can be used
as the source for space heaters. During extended cold periods, heat would be added to
the loop by a gas- or oil-fired boiler. Water-source heat pumps using either well water
or loop-type sources can use both air- or water-type building distribution.

The performance characteristics of a single-stage unmodulated air-to-air heat pump are shown
in Fig. 3.30. Also shown are the heating and cooling loads of a typical building as functions of
the outside air temperatures. The temperature at which the heat pump capacity and the building
heat requirement are equal is called the balance point. If the balance point is above the heating
design temperature, td' supplemental heat will be required, as denoted by the shaded area. Air
to-air heat pumps usually require 100% supplemental heat capacity for standby operation when the
outdoor air temperature drops 10 to 15°F below the balance point.

This capacity, power input, and COP characteristics can vary appreciably with equipment size
and design. In residential sizes, a COP of about 2 may apply under typical cooling and heating
operations. Specification data published for several hundred air-to-air heat-pump models having
cooling capacities of 20,000 to 150,000 Btu/hr and higher show COPs in cooling typically within
the range of 1.8 to 2.8 at rating conditions of 80°F dry bulb and 67°F wet bulb indoors and 95°F
outdoors. Generally, the larger sizes have higher COPs. The heating coefficient of performance,
(CP)h' of an installed heat pump may be defined as follows:

Similarly, the cooling coefficient of performance (CP)c is:

where
Qh total instantaneous useful heat-output rate at the stated conditions,
Qc instantaneous useful refrigeration effect produced at stated conditions,
Qt = heat equivalent of the total energy-input rate required to operate the system.

A properly designed heat-pump system is competitive with oil- and gas-fired systems from the
standpoint of fuel conservation. 10 A typical heat pump delivers about 2 units of heat energy for
each unit of electric energy that it consumes. The average efficiency of electric power plants
in the United States is about 33%, and the transmission and distribution efficiency of delivering
electric power to the consumer is about 91%, for an overall conversion efficiency of about 30%.
Therefore, only 1.7 units of fuel energy would be required at the power plant for each unit of
delivered heat by the heat pump. The end-use efficiency of oil- or gas-burning home-heating
systems is about 60% (claimed values range from 40 to 80%), meaning that 1.7 units of heat must
be extracted from the fuel for each unit delivered to the conditioned space.
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Fig. 3.30. Operating characteristics of a single-stage unmodulated heat pump. From
ASHRAE Guide and Data Book, Equipment Volume, American Society of Heating, Refrigerating
and Air Conditioning Engineers, New York, 1972, p. 470, with permission from the American
Society of Heating, Refrigerating, and Air-Conditioning Engineers.

3.4.3.2 Air conditioner units

In some applications of MIUS, the medium-population-density areas could be supplied with heat
from a hot-water distribution system and could be cooled by individual apartment or apartment
building air conditioning units. The individual room air conditioners and the unitary air con
ditioners described in Chaps. 41 and 42 of the ASHRAE Guide and Data Book, Equipment Volume,3
are included in this category. A room air conditioner is an encased assembly designed as a unit
primarily for window mounting, through a wall, or as a console. A unitary air conditioner is
defined in ref. 3 as consisting of one or more factory-made assemblies which normally include
an evaporator or cooling coil, a compressor-condenser combination, and may include a heating
function as well. According to ref. 3, unitary air conditioners, in contrast to room air
conditioners, are designed with fan capability for duct work, although some units may be supplied
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with plenums for distributing conditioned air. Available space, aesthetics, and noise control
may dictate the location of equipment indoors or outdoors, through the wall, or split into
sections.

Unitary and room air conditioners are designed to be produced in large quantities, using
automated production facilities, with resultant lower unit costs. Factory inventory and
efficient distributor-dealer operations make the product readily available.

The cooling and heating capacities of individual air conditioner units are measured and
stated in terms of Btu per hour. A wide range of room air conditioner capacities, from about
4000 to 34,000 Btu/hr, are commercially available. The types and availability of unitary air
conditioners up to 135,000 Btu/hr capacity are given in Table 1 of Chap. 42 of the ASHRAE GUide

and Data Book, Equipment Volume. 3

The efficiency of individual air conditioner units can be given as the COP obtained by the
formula:

COP Btu/hr cooling capacity
watts input x 3.412

Efficiency is generally shown on a comparative basis by the designation Btuh per watt or
Btu per watt-hour, which is derived by dividing the cooling capacity, Btu per hour, by the
electric input, watts. Figure 3.31 shows the efficiencies of room air conditioner units having
ratings up to 24,000 Btuh. The efficiencies range from 4.7 to 12.2 Btu/Whr. The least-efficient
machine consumes 2.6 times as much electricity per unit as the most efficient one.

3.4.3.3 Electric-resistance heaters

For many applications, the compactness, simplicity, responsiveness, accuracy of control,
safety, and cleanliness of electric heating may outweigh other considerations when choosing a
heating method. Electric space heating is often used where minimum initial cost is the dominating
factor. Electric heating elements may be installed as a source of auxiliary heat in heat-pump
systems. Completely electric heating systems are widely used in residences and in many commercial
and institutional buildings. Chapter 18 of the ASHRAE Guide and Data Book, Systems Volume,l
describes the electric heating systems in common use. Table 3.26 (from ref. 1) lists the types
of electric heating equipment and complete heating systems in current use.

The following analysis shows that electrical resistance heating is more wasteful of primary
energy than is direct-combustion heating.

The average efficiency for electric power plants in the United States is about
33%, and the efficiency of transmitting and distributing the power to the customer
is about 91%. The end-use efficiency of electrical resistance heating is 100%; so
the overall efficiency is approximately 30%. Thus, for every unit of heat delivered
in the home,3.3 units of heat must be extracted from the fuel at the power plant.
Conversely, the end-use efficiency of gas- or oil-burning home heating systems is
about 60% (claimed values range from 40 to 80%), meaning that 1.7 units of heat
must be extracted from the fuel for each unit delivered to the living area of the
home. Therefore, the electrically heated home requires about twice as much fuel
per unit of heat as the gas- or oil-heated home, assuming equivalent insulation. 10

The most economical electric heating systems to operate are the decentralized type, with a
thermostat provided on each unit or for each room. This arrangement permits each room to compen
sate for heat contributed by auxiliary sources such as lighting, appliances, people, and solar
load and also provides a better diversity of power demand due to noncoincidence of the electric
load from all units of an installation.
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Fig. 3.31. Efficiency of room air conditioners as a function of unit size.

3.4.3.4 Domestic hot-water heating

Single-dwelling hot water is generally heated by direct-energy-input heaters. The heat input
directly heats the storage tank or coils containing the water to be heated. The source of heat
is usually gas, oil, or electric energy.

Automatic storage-type water heaters for single-dwelling use range from 5- to 120-gal nominal
tank capacity. Water heaters of 30- to 120-gal tank capacity generally have a primary resistance
heating element n~ar the bottom and a secondary element located within the upper quarter or third
of the tank.

For recirculating hot-water systems (with insulated piping and tanks of nominal extent and
size), the system efficiencies observed by Werden and Spielvogel 11 were rarely greater than 75%.
System efficiency is defined as the ratio of heat contained in the water at the points of use to
the heat input to the water-heating unit at a given flow rate.
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Table 3.26. Principal types of electric
space heating systems

Decentralized Systems
A. Natural Convection Units

1. Floor drop-in heaters
2. wan insert and Burface mounted heaters
3. Baseboard convectors
4. Hydronic baseboard convectors with immersion elements

B. Forced Air Units
1. Unit ventilators
2. Unit heaters
3. wan insert heaters
4. Baseboard heaters
5. Floor drop-in heaters

C. Radiant Units
1. Radiant-convector panel heaters
2. Metal-sheathed element with focusing reflector
3. Quartz tube element with focusing reflector
4. Quartz lamp with focusing reflector
5. Heat lamps
6. V&lance beaters

D. Radiant Panel-Type Systems
1. Radiant ceiling with embedded conductors
2. Pre-fabricated panels
3. Radiant floor with embedded conductors

Centralized Systems
A. Heated Water Systems

I. Electric boiler
2. Electric boiler, with hydronic off-peak storage
3. Heat pumps
4. Integrated heat recovery systems

B. Steam Systems
1. Electric boiler, immersion element or electrode type

C. Heated Air Systems
1. Duct heaters
2. Electric furnaces
3. Heat pumps
4. Integrated heat recovery systems
5. Unit ventilators
6. :-lelf-contained heating and cooling units

Source: ASHRAf!,' Guide and Data Book, Systems
1970, American Society of Heating,
Refrigerating and Air-Conditioning
Engineers, Inc., New York, p. 281.

The ratio of heat in the water delivered at the heater outlet to the heat input of the heating
unit over a specified period of time is defined as the heater efficiency. According to the ASHRAE

Guide and Data Book, Systems Volume,l water-heater efficiencies are subject to many variables,
depending on the use, operation, and size of the distribution system. The variables make it
difficult to determine representative efficiency figures. The ASHRAE Guide and Data Book, Systems
Volume 1 (p. 551) and HUD-HAI-l (ref. 12) indicate that residential gas-fired water heaters could
have an efficiency ranging from 63 to 70%.

3.4.4 Cost of HVAC equipment

A reasonable estimate of the costs of HVAC equipment may be derived from the cost records of
recent installations of comparable design, or from quotations submitted by manufacturers and
contractors. With about 25 major HVAC equipment manufacturers serving the industry, prices will
naturally vary among manufacturers. The prices for HVAC-installed equipment, given in Figs. 3.32
through 3.36 are estimates of average installed capital costs in the United States in late 1972,
based primarily on information from manufacturers, cost-estimating manuals, technical literature,
and consultants. These data are used in Sect. 3.9.7 to estimate the costs of electrical and thermal
building equipment components.
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Fig. 3.32. Installed cost of a single-effect absorption-chiller system.
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3.4.4.1 District and central system equipment

Absorption-chiller system

Figure 3.32 shows typical costs for relatively large single-effect absorption-chiller systems. s

Costs are given for condenser piping, cooling towers, and absorption chillers, as well as total
installed costs. Double-effect absorption chillers have a higher COP than single-effect absorption
chillers; however, they require heat at a higher temperature and are expected to cost at least 15%
more. 13 This additional cost, when compared with a single-effect system, is offset to some extent
by lower fuel cost and a smaller-capacity heat-disposal system.

Compressive-chiller systems

Figure 3.33 shows typical costs for relatively large compressive-chiller systems. 9 Costs are
given for condenser piping, cooling towers, and centrifugal chillers, as well as total installed

costs.
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Direct-refrigerant systems

The costs for room-size air conditioners vary widely within the broad range of $150 to $500/
ton. 9 Means 14 gives an average installed cost of $475/ton for floor-mounted, packaged, water
cooled units up to 10-ton capacity, and $380/ton for similar units from 15- to 30-ton capacity.
Also, according to Means, central-station air conditioning systems in the size range of 25 to 125
tons average about $1420/ton of capacity for chilled-water systems and about $1225/ton for direct
expansion systems.

Space-heating systems

The installed costs of boilers and heat exchangers used in models of MIUS space-heating
systems are given in Figs. 3.34 and 3.35 respectively.14 As used in HVAC systems, the boilers
refer to low-pressure hot-water-heating boilers of up to 450 bhp (boiler horsepower). A boiler
horsepower is the equivalent evaporation of 34.5 lb of water per hour from and at 212°F. This
is equal to a heat output of 33,475 Btuh. The heat exchangers refer to steam-to-water or water
to-water equipment for hydronic space-heating systems and domestic hot-water production.
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The cost for the hot- and chilled-water pumps and necessary auxiliaries in Fig. 3.36 is
given as a function of the horsepower. 13 The cost curve includes the motor. pump. wiring, piping.
and controls. The total cost of the pumping station is obtained by summing the cost of the
individual pumps.

Operating and maintenance (O&M) costs

Annual maintenance costs for absorption- and compressive-chiller systems are given in Fig.
3.37. The O&M cost of single-effect absorption refrigeration systems can be based on the capacity
of the unit. s An absorption-chiller capacity of less than 200 tons is reported to have an annual
O&M cost exceeding $25/ton. not including the energy supply. This cost decreases rapidly for
chiller capacities up to about 1500 tons, at which point the O&M costs are in the range of about
$10 to $8/ton, or an average O&M cost of about $9/ton up to 4000 tons capacity.

Figure 3.37 also shows typical yearly maintenance costs for compressive-chiller systems in
dollars per ton of refrigeration for units up to a 4000-ton capacity. These data were based on
information provided by M. J. Wilson 15 of the consulting firm of I. C. Thomasson and Associates.
Inc.
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3.4.4.2 Single-dwelling system equipment

Heat pumps

A typical heat-pump system capable of providing about 1.5 tons of air conditioning during
the summer and equipped with auxiliary electric-resistance heaters for supplemental heating
during the winter is estimated to cost $920 installed. 16 This single-dwelling system consists
of an outdoor unit (compressor, condenser, and fan) and an indoor fan-coil unit containing the
auxiliary heaters. The outdoor unit is mounted on a concrete pad at ground level.

Air conditioner

A typical two-piece air conditioner considered applicable to an average-size apartment might
be sized to provide about 1.5 tons per apartment of cooling, varying according to climate and
apartment size. The total cost of installing an outdoor unit (compressor, condenser, and fan)
mounted on a concrete pad at ground level and an indoor fan-coil unit is estimated at $700. 16

Means 14 gives an average installed cost of $475/ton for floor-mounted, packaged, water-cooled
units.
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Electric-resistance heaters

The cost of installing resistance heaters in a fan-coil unit for. an average-size apartment
(~900 ft 2 ) is estimated at about $250. 16 This cost does not include the cost of the fan coil.
If an apartment is equipped with a spl it air conditioning system, the same fan coil is used for
both cooling and heating.

Hot-water heating

A gas-fired hot-water heater sized to provide domestic hot water for a single-dwelling unit
is estimated to cost $160. 16 An electric hot-water heater is estimated to cost about $100.
These costs include the installation of necessary piping connections.
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3.5 POTABLE-WATER SUPPLY AND TREATMENT FOR MIUS AND CONVENTIONAL UTILITIES

3.5.1 Options for the developer

In this assessment, the "consumer" encompasses such factors as the location, size, makeup,
population, etc., of residential-commercial developments, and the consumer requirements for
utility service were assumed to be independent of the systems that provide utilities. Although
the option of including this subsystem as an integral part of MIUS is essential to independence
from conventional utilities, interface with other subsystems is minimal, and system selection
depends on the quality of the source, which is very site-specific, and on domestic consumption,
which is the same for MIUS and conventional systems. Some considerations that relate to the
selection and evaluation of the potable-water supply and treatment subsystem are listed below:

1. The type of supply and the extent of required treatment is determined completely by
the form and quality of a local resource, which has no substitute.

2. Developments may be required to use water from an existing system.
3. Where municipal water is not available at a reasonable cost, any developer (if allowed

to use a private system) could use small, currently available, package-type treatment
systems with groundwater or surface water.

4. The use of waste heat to reclaim low-grade water (e.g., distillation) is a possible
integration with other MIUS subsystems; however, its use is remote except in regions
where severe water shortages occur or only brackish water is available.

3.5.2. Treatment systems

Many studies have been made on water consumption and liquid-waste production in residential
areas. 1-4 Generally, the studies cited show that, although water consumption in large munici
palities normally exceeds 100 gal/day per person, the consumption in residential areas usually
falls between 60 and 80 gal/day per person (excluding use for lawn watering). Williamson s

measured per capita wastewater flows (assumed in this assessment to be equal to residential water
consumption) in small communities in Texas and found a relationship between community size and
wastewater production. The reduced flows in smaller communities are probably due to the lack of
commercial and industrial wastewaters. Of the water consumed in a typical household, approximately
45% is used for toilet flushing, 30% for bathing, 6% for kitchen uses, 5% for drinking, 4% for
laundry, and the remainder for miscellaneous uses. 6

There are several available water-treatment processes. These processes are described in
detail in ref. 7 and are briefly summarized here.

Most water-treatment processes use some form of disinfection to decrease the risks from a
potentially contaminated water supply. Chlorine is the disinfectant most commonly used in the
United States. It is preferred because it is generally low in cost, is fairly effective against
many microbes, and can leave a residual that remains in the water throughout the treated water
distribution system. Ozone, ultraviolet light, gamma irradiation, and various ha10genic compounds
have also been used as disinfectants. Ozone, ultraviolet light, and gamma irradiation do not
leave a residual that protects the water in the distribution system.

In many cases, disinfection is the only form of treatment required for groundwater. Where
surface water is consistently very low in sediment, chlorination may also be used as the sole
treatment method. This appears to be the case in large sections of the Upper Colorado River
region, in some parts of California, in the Columbia-North Pacific region, in Alaska, and in Hawaii. s
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In addition to disinfection, there are three other forms of water-treatment practices in
the United States: (1) solids removal, (2) desalting, and (3) the removal of specific chemical
contaminants. Solids removal is currently practiced in many regions of the country, but desalting
and removal of specific chemical contaminants, such as iron and manganese, are less common.

Solids-removal devices generally use either sedimentation or filtration to remove solids.
Devices using sedimentation, or settling, include grit chambers, tube settlers, lamella settlers,
and various types of settling basins. 7 Filtration, using sand, diatomaceous earth, coal, or other
media, is often used to remove the solids remaining after sedimentation.

In many cases, the solid matter suspended in drinking water is too small to be removed
satisfactorily by sedimentation or filtration. The raw water may, in such a case, be treated
by coagulation and flocculation. In coagulation, certain chemicals that promote coalescence of
small suspended solids are added to raw water. The water is then slowly mixed to promote the
aggregation of small particles to form large particles, which may be more easily removed. The
water is then treated by sedimentation or filtration.

Most major large cities use surface water. The conventional surface-water treatment generally
consists of coagulation, flocculation, some form of sedimentation, some form of filtration, and
disinfection. Smaller cities or towns using a surface-water supply may purchase a pre-engineered
or "package" plant, which is generally very similar to a conventional treatment plant, although
it will be much smaller. In some cases, the pre-engineered plant may use equipment generally not
used by large cities. These processes, because they require a smaller amount of maintenance,
capital investment, or space than do conventional processes, may be suitable for use in a small
plant. Such processes include precoat filtration, mixed-media filtration, tube settlers, lamella
separators, and slow sand filters.

Where it is necessary, desalting methods such as water softening maybe required. These
methods are generally used for the treatment of groundwater by small communities. Most desalting
or softening equipment is fairly automatic and is supplied as pre-engineered units by the manu
facturer. 7

In some cases, specific chemical removal from either groundwater or surface water is desirable.
The most common problem is generally iron and manganese removal from groundwater. Appropriate
equipment is often available from manufacturers as pre-engineered units.

The removal of other impurities, such as organic chemicals from industrial discharges, may
be a difficult problem. In these cases, equipment may have to be designed for the particular
application.

Basically, a broad range of pre-engineered water-treatment equipment is available. This
equipment is primarily designed for use by smaller communities or for small private water systems.
Most complete pre-engineered plant systems available are designed to treat surface waters, although
disinfection or softening systems to treat groundwaters are available. Larger municipalities
generally use conventional systems designed by consulting engineering firms to treat surface waters.
Smaller towns and small rural systems may use groundwater supplies treated by chlorination or by
softening and chlorination. Potential water supplies should be evaluated independently, followed
by the selection of an appropriate treatment process.

Where it is desirable to use a surface water requiring fairly complete treatment, the plants
described above may be suitable. Figure 3.38 depicts the prices of plants supplied by companies
responding to a 1973 survey.7 Where FOB factory prices were quoted by the companies, these figures
were increased by 100% to cover shipping, installation, auxiliary piping, etc. Also plotted in
Fig. 3.38 are capital costs of conventional water plants estimated by Koenig9 and Orlob and
Lindorf. 10 Because the sale of small pre-engineered plants is competitive, prices on a plant

l ~
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actually bid and supplied by a manufacturer may differ appreciably from the prices presented. As
shipping may represent a considerable percentage of the total package plant cost, the distance of
the MIUS site from the supplier of a "package" plant may substantially affect the plant's cost.
Figure 3.38, however, gives an idea of the general range of small-plant cost. As shown in this
figure, the capital cost per gallon of water per day rises sharply as plant size decreases. Thus,
the size of the housing complex plays an important part in the economics of potable-water produc
tion.

The cost of raw-water transmission and potable-water distribution systems may exceed the cost
of treatment faci1ities. If a surface-water supply requires several miles of transmission line,
the cost of piping water to the development may represent a substantial portion of the total cost.

Typical small water-system costs for chemicals and maintenance materials are given in Fig.
3.39. Labor costs must be calculated for each plant, since they depend on institutional constraints
such as mandatory operator attendance, required training and licensing, and wage standards. These
costs represent a significant portion of the annual cost in small plants. Water requiring advanced
treatment or continuous monitoring may have a significantly higher cost due to the chemicals re
quired or the need for more highly trained operator labor. Well waters will generally require
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only disinfection, which is less expensive. Well costs are shown in Fig. 3.40. Since only pump
and disinfection equipment maintenance is required, labor costs may be significantly lower. II

The MIUS may be located in an area where water supplies require desalting. Desalting
processes, other than simple softening, are generally more expensive than other methods of
potable~water treatment. The cost of desalted water varies considerably depending on plant
location, size, type of desalting process, financing, and many other variables. 7 Current
commercial desalting plants of 1- to 3-Mgd capacity produce water in the general cost range of
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$0.50 to $1.50/1000 gal. Plants in the size range of 50,000 to 500,000 gpd (a range applicable
to MIUS) produce water with costs in the approximate range of $1 to $5/1000 gal.

For almost all surface-water supplies of less than 1 Mgd, the required treatment plant area
is about 10 acres. Figure 3.41 shows the increase in required land area for larger plant sizes. 11

In some circumstances, small treatment systems suitable for MIUS use could offer special
advantages over conventional treatment systems; however, their use would depend on detailed systems
analysis related to specific sites. Examples would inclvde: (1) the use of advanced desalting
technology with a brackish water supply and/or a portion of the treated liquid waste to reduce
resource consumption and provide better-than-conventional water quality; or (2) the distillation
of brackish water and/or treated liquid waste, which makes use of waste heat from other MIUS
subsystems.

The foregoing examples are considered feasible for use in a MIUS, because MIUS supplies water
for domestic consumption only, for which the higher water charges for higher quality would probably
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be accepted. Large municipalities are expected to continue using proven conventional treatment
systems that produce water of acceptable quality for all consumers: residential, commercial,
and industrial.

3.5.3 Qualitative comparison of MIUS and conventional systems

There are some economic similarities between large and small potable-water systems. These
include the cost of the development's internal distribution system, the method of installation
of that system, and the amount of water required per person for domestic use. The differences
between MIUS and conventional systems, other than differences between cooling- and process
water requirements, are fundamentally those between large and small systems.

As discussed in ref. 7, the differences between large and small systems focus on several
points. Large systems typically require large capital investments and long time periods for
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planning and construction and are sized to meet projected community requirements. Interest
during the long construction period and fixed charges on the full investment during operation
below full capacity adversely affect the economies of large systems. A smaller plant can be
readily installed, with a short lead time and a smaller investment as required to meet consumer
needs.

Large plants are somewhat less expensive per person served when operating near full capacity.
However, large plants have a higher distribution system cost, which accounts for roughly four
fifths of the total treatment and distribution cost; here again, there is a tradeoff. There is
also a difference between labor requirements. In some cases the local regulatory agency requires
that an operator be present at all times during the operation of a potable-water plant. For
small plants, an operator required to ensure the public safety may not be fully occupied in the
operation and maintenance of the water plant. There is also a tradeoff between the types of
equipment used in the various plants. In a large plant with an around-the-clock staff, the use
of modern highly automated control equipment may not decrease the overall operating cost. For a
small plant, the use of automated equipment which can substitute for the time of an operator may
be economically advantageous. Because of the area and time requirements, some treatment methods
that are impractical in large treatment plants may be highly advantageous in small plants. For
example, the use of slow sand filters, which is not economically advantageous in large communities,
may be highly attractive for use in smaller communities. Also, the source of the water supply
for large and small communities may be different. Small communities will probably find the use
of a well supply advantageous because of the decreased treatment often required by the water.
A large community, however, will often find that a surface supply, which can provide large amounts
of water, is suited to community needs.

Although the method of determining fire-flow requirements is changing, it appears, from the
desired fire flows required by the Fire Insurance Underwriters Association12 (see Table 3.27),
that smaller communities are required to provide higher fire flow per person than are larger
communities. It is possible that the institutional constraints particular to a MIUS, or changes
in the internal construction of the buildings, may change the required fire flows. However,
provision of these flows does substantially increase the cost of water treatment and distribution.

Table 3.27. Fire flows for small systems

Population

100
250
500

1,000
1,500
2,000
3,000
4,000
5,000
6,000

10,000

Flow
(gpm)

250
500
750

1,000
1,250
1,500
1.750
2,000
2,250
2,500
3,000

Flow rate
per capita

(gpm)

2.5
2.0
1.5
1.0
0.83
0.75
0.58
0.50
0.45
0.42
0.30

Duration
(hr)

4
4
4
4
5
6
7
8
9

10
10

Total volume
(gal)

60,000
120,000
180,000
240,000
375,000
540,000
735,000
960,000

1,215,000
1,500,000
1,800,000

Total volume
per capita

(gal)

600
480
360
240
250
270
245
240
243
250
180

Source: Insurance Service Office, Guide for Determination of Required Fire
F~ow, New York, June 1972.
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3.6 LIQUID-WASTE SUBSYSTEM FOR MIUS AND CONVENTIONAL UTILITIES

3.6.1 General description

Generally, sewage produced in large municipalities is in excess of 100 gpd/person. The
production of sewage in residential areas, however, generally ranges from 60 to 80 gpd/person. 1

Industrial wastewater production probably accounts for the difference.
There are also marked differences in flow variations between large and small collection

and treatment systems. Small systems, particularly those used in residential areas, have a
high daily peak-to-average flow ratio. This situation arises from the fairly consistent ac
tivity schedule of the inhabitants. Small residential systems may require a design for higher
per capita capacity than is currently used in large municipalities; however, the use 'of flow
equalization would be recommended for MIUS. The cost of operation and maintenance varies
considerably with plant size, and higher per capita treatment costs are generally found in
smaller systems.

In some areas, water-s~ving devices are attractive for use and would reduce the required
capacity of both potable-water and liquid-waste sUbsystems. These devices reduce the volume
and increase the concentration of wastewater. The economic evaluation of these devices indi
cated that they would be attractive only where new equipment was being installed or where
existing fixtures were being replaced. 1 In areas where high water costs result from the use of
advanced water-treatment systems such as reverse osmosis, the economics of these fixtures
should be evaluated. Throughout this assessment, however, all fixtures and appliances that are
a part of the consumer model are assumed to be the same whether the development is served by
MIUS or conventional systems.

An anlaysis of wastewater composition in residential areas has recently been reported by
Zanoni and Rutkowski. 2 The study area included 270 residential dwelling units, and the per
capita water consumption was 58 gpd. The average composition of the study area's sewage, which
can be taken as a typical residential waste, is given in Table 3.28.

Table 3.28. Typical composition of sewage from residential areas

Concentration (mg/liter)
Constituent

Average Range

Biochemical oxygen demand 205 152-275

Chemical oxygen demand 393 258-612

Total suspended solids 174 102-278

Total solids 849 748-969

Nitrogen (total as N) 30 26-34

Phosphorus (total as P04) 50 42-60
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3.6.2 Collection

Collection systems represent the major consumer cost of sewage processing, as shown in

Table 3.29.

Table 3.29. Total cost of sewage collection and treatment in 1968
on a continuous cash flow basis

(In 1968 dollars/capita/year)

Amortization cost

House connectionsa

Municipal sewers
a

Interceptors and outfa11sa

b
Treatment plants

Total amortization cost

Current expenses

Municipal sewer maintenance

Treatment plant operation and
maintenance

Customer service and accounting

General and administrative

Total cost of collection and
treatment

$1.38

$8.64

$2.46

$2.83

$15.31

$0.86

$1.55

$0.71

$1.37

$4.49

$19.80

aAmortized over 50 years at 5%.

bAmortized over 25 years at 5%.

Source: R. Smith and R. G. Eilers, Cost to the Consumer of Collecting
and Treating Wastewater in the United states, U. S. Environmental
Protection Agency Report WPCR 17090-07/70, July 1970.

Gravity-flow sewers are an accepted municipal practice. Pumping stations have been in
stalled only in cases where depths of sewers have become excessive or where grade considerations
have ruled out gravity flow. The use of gravity-flow sewers has been dictated by economics,
since there are essentially no operating costs involved other than routine cleaning and main
tenance. However, pumped systems offer the advantages of smaller pipe sizes and independence
of grade considerations in design. Significant savings can also result when pressure sewers
are installed at a relatively shallow depth.

In 1966 the American Society of Civil Engineers inititated a study to evaluate the possi
bility of separating combined sewers (the type that collects both storm water and sanitary
sewage) into separate systems by installing pumped sewers for sanitary waste within existing
combined sewers. 3 The final report of this project concludes that the technical feasibility
of storing, grinding, and pumping sewage from individual homes has been established, but that
the proposed installation of separate sanitary sewers within existing storm sewers is too ex
pensive. 4
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The Liljendahl vacuum sewerage system was developed in Sweden to reduce the amount of
wastewater to be treated by separately conveying toilet wastes ("black water"). The key fea
tures of the system are a special vacuum toilet, which requires only one-fourth to one-third of
a gallon of water per flush, and a patented, vacuum-operated, airtight diaphragm valve instead
of a trap. Vacuum toilets are not made in this country but can be obtained from Sweden for
about $300 each. Vacuum-sewer installations in residential subdivisions in this country have
been reported to save 30 to 50% of the capital cost of conventional gravity-flow sewers. s

In many cases, a developer has little or no choice with respect to sewer collection systems.
He is sometimes required to install sewers of the type used by the sewer district from which
his development will purchase utility services. The newer systems may reduce development costs
where the developer installs his own onsite treatment facilities and when utility permits the
use of such facilities. However, there is no reason why the developer could not install vacuum
or pumped sewers within the development and then connect this system to existing gravity-flow
interceptor sewers. Since any of the types of onsite collection systems can be used with both
MIUS and conventional utilities, it was concluded that such a system would be essentially the
same, regardless of the method or location of liquid-waste treatment.

In addition to the collection system within the housing complex, the developer may have to
pay part or all of the cost of an interceptor sewer to connect with an existing sewer or treat
ment plant. The action required and the cost incurred by the developer will be determined by
local practices.

3.6.3 Liquid-waste treatment

3.6.3.1 Biological treatment

Following sewage collection, liquid waste is generally treated by processes classified as
primary, secondary, and tertiary. 1 Primary treatment consists of removing particulate matter
by sedimentation. The organic content of the sludge is generally reduced by anaerobic digestion.
Digested sludge is dewatered by vacuum filtration, by centrifugation, or by the use of drying
beds. Final disposal of dewatered sludge is usually by land application or incineration. If
greater than normal removal of solids from the incoming sewage is desired, one or more chemical
coagulants (such as lime, polyelectrolytes, or iron salts) can be added. Improved primary
treatment is sometimes called intermediate treatment.

Secondary treatment is generally some form of biological treatment following primary sedi
mentation. The biological process converts dissolved and suspended organic matter into a bio
floc that can be removed by sedimentation in a final clarification step. The most commonly
used biological processes for the treatment of domestic sewage are the activated-sludge and
trickling-filter processes. In the activated-sludge process, sewage from the primary sedi
mentation tank enters a continuously stirred tank reactor containing a dispersed floc of organic
particulates and microorganisms. Air is continuously injected into the tank to support the
growth of the microorganisms. The floc acts as a substrate for activated-sludge microorganisms
to adhere to, as well as a surface that picks up dissolved organics, small suspended solids,
and colloidial matter. Following the activated-sludge tank, the aeration-tank mixed liquor is
settled in the secondary sedimentation tank. A portion of the settled sludge is returned to
the inlet of the activated-sludge tank and mixed with the primary sedimentation tank effluent.
Excess activated sludge may be digested in anaerobic digesters with the primary sludge, which
is the currently accepted practice. There are a number of modifications to the activated
sludge process.
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In the trickling-filter process, effluent from the primary sedimentation tank is sprayed
on filters composed of coarse rocks or other media. The sewage contacts biological growth on
and around the filter media as it seeps through the filter bed. Like the activated-sludge
process, trickling filters are followed by secondary clarifiers that remove settleable solids
and sloughed-off filter slimes. Sludge from post-trickling-filter sedimentation processes may
be treated in the same manner as waste from the activated-sludge process.

Tertiary treatment is normally considered to be any further processing after conventional
biological secondary treatment. In general, the processes used will depend on which contami
nant is to be removed. Microstraining or microscreening can be used to remove additional small
suspended solids not removed by secondary sedimentation. Lime coagulation can be used for
particulate and phosphorus removal. Dual- or mixed-media filters can be used after chemical
sewage treatment to remove very fine particles. If additional ammonia removal is desired, the
pH can be raised and air stripping can be performed. Finally, granular or powdered activated
carbon sorption can be used to "polish" the effluent by the removal of fine particles and
dissolved organics. Most of the treatment steps outlined above, other than lime coagulation,
make little change in the dissolved inorganics present in the sewage. Processes such as
distillation or reverse osmosis are required to remove dissolved inorganics.

3.6.3.2 Physical-chemical treatment

Physical-chemical treatment ususally consists of chemical coagulation and flocculation of
the raw sewage before settling, followed by treatment of the clarifier effluent with activated
carbon. Carbon adsorption was first evaluated as a treatment technique more than three decades
ago and abandoned as being too expensive. This method was found to produce a good-quality
effluent but at a cost greater than that for conventional processing. The recent upgrading of
water-quality standards has brought this treatment scheme closer to economic viability because
it can produce an effluent superior to conventional processing. In addition, developments in
the technology of carbon regeneration have tended to lower the cost of physical-chemical treat
ment.

After carbon adsorption, the waste is usually disinfected with chlorine or ozone before
release to the environment. Sometimes the waste is filtered before or after the carbon ad
sorption step.

Physical-chemical treatment is less sensitive to flow variations and the presence of toxic
materials than are biological treatment processes. 6

3.6.3.3 Sludge disposal

Sludge handling and disposal is a problem in both conventional and MIUS-size liquid-waste
treatment. Generally, current conventional plants use anaerobic digestion followed by sludge
drying beds. Dried sludge is then used for soil conditioning or ultimately disposed of by
landfill or land spreading. However, some plants have installed vacuum filters, centrifuges,
dryers, incinerators, or wet-oxidation units, etc. The main differences in sludge handling and
disposal between a conventional system and a MIUS are related to the quantity of sludge produced.
If either the conventional system or MIUS uses physical-chemical treatment instead of biological
treatment, greater sludge volumes result.

Data on sluge production in package plants are sketchy; however, it is possible to make
some estimates of the amount of material to be handled. Most biological (activated-sludge)
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package plants include an aerobic digestor in which the excess sludge is aerated for extended
times until the sludge-holding compartment is full. Most manufacturers indicate that sludge
requires removal everyone to six months, depending on the characteristics of the sewage and
the efficiency of plant operation. Sludge removed from the aerobic digester can be either
trucked to another treatment plant for disposal, landfilled, or spread directly on land.

Physical-chemical treatment produces greater quantities of sludge than biological treat
ment because of the chemicals added and the fact that digestion of this material is not normally
provided in package plants. It is estimated that about 1500 gal of 4% solids are produced for
each 100,000 gal of waste treated;? for example, sludge production of an 200,000-gpd liquid
waste-treatment plant would be about 3000 gal of 4% solids. The normal practice in package
plants is to store the material for weekly or biweekly hauling to disposal facilities. These
disposal alternatives are the same as those listed for biological sludges. If it is assumed
that the sludge will be accumulated and removed by a septic-tank service on a weekly basis, the
information obtained from Knoxville, Tennessee, companies performing this type of service
indicates that $200/week should cover the costs. More detailed information will be required if
alternate disposal systems such as centrifugation, vacuum filtering, or incineration are to be
used.

Not only must the environmental impact of liquid effluent be considered, but the effect of
sewage sludge disposal must also be evaluated. Sludge from package plants can be incinerated
or landfilled, and either method can be used with minimum environmental impact. The major
concern with incineration is air pollution; with landfill, it is the possibility of groundwater
pollution. Neither of these problems is insurmountable; in fact, considerable interest is
being expressed in the spreading of digested sludge directly on the land. s

Sludge from liquid-waste-treatment plants has a fuel value of about 6000 Btu/lb (dry
basis). However, most sludges are about 4 to 6% solids, which can be increased to 20% using
special processing equipment. For a sludge of 20% solids and an efficiency of evaporation and
incineration of 55%, auxiliary heat must be provided in the amount of about 1100 Btu/lb of dry
solid incinerated. 9

3.6.3.4 Treated liquid-waste guality

Either of the biological or physical-chemical forms of treatment described in Sects.
3.6.3.1 and 3.6.3.2 can produce effluents that meet the EPA definition of "secondary treatment."
Public Law 92-500, the Water Pollution Control Act, required the administrator of EPA to define
the level of treatment that constitutes "secondary treatment" and to take steps to see that
treatment facilities meet these minimum standards. 10 In a later section of this assessment,
national goals and implementation procedures will be discussed in greater detail. At the time
thi s assessment was prepared, "secondary treatment" was defined by EPA as foll ows: 11

Sec. 133.102 Secondary treatment.
The following paragraphs describe the minimum level of effluent quality attain

able by secondary treatment in terms of the parameters biochemical oxygen demand,
suspended solids, fecal coliform bacteria and pH.

(a) Biochemical oxygen demand (five-day). (1) The arithmetic mean of the
values for effluent samples collected in a period of 30 consecutive days shall not
exceed 30 mi 11 i grams per 1iter. .

(2) The arithmetic mean of the values for effluent samples collected in a period
of seven consecutive days shall not exceed 45 milligrams per liter.
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(3) The arithmetic mean of the values for effluent samples collected in a
period of 30 consecutive days shall not exceed 15 percent of the arithmetic mean
of the values for influent samples collected at approximately the same times during
the same period (85 percent removal).

(b) Suspended solids. (1) The arithmetic mean of the values for effluent
samples collected in a period of 30 consecutive days shall not exceed 30 milligrams
per 1iter.

(2) The arithmetic mean of the values for effluent samples collected in a
period of seven consecutive days shall not exceed 45 milligrams per liter.

(3) The arithmetic mean of the values for effluent samples collected in a
period of 30 consecutive days shall not exceed 15 percent of the arithmetic mean
of the values for influent samples collected at approximately the same times during
the same period (85 percent removal).

(c) Fecal coliform bacteria. (1) The geometric mean of the value for effluent
samples collected in a period of 30 consecutive days shall not exceed 200 per 100
mi 11 il iters .

(2) The geometric mean of the values for effluent samples collected in a period
of seven consecutive days shall not exceed 400 per 100 milliliters.

(d) pH. The effluent values for pH shall remain within the limits of 6.0 to 9.0.

Although it appears that this definition may not be achieved by all treatment facilities
by the deadline date because of funding problems in construction and improvement of facilities,
it is safe to say that more complicated and efficient treatment systems will be required in
the future.

Table 3.30 lists removal efficiencies for well-operated biological and physical-chemical
treatment plants, along with various combinations of biological, physical, and chemical pro
cessing steps.6 These types of treatment processes are described in more detail in ref. 1.
It must be emphasized that in both large and small plants, removal efficiencies such as those
shown,.in Table 3.30 cannot be achieved without proper operation and maintenance.

Table 3.30. Efficiencies of various wastewater treatment systems

Removal (%)

Suspended
System Organics solids Phosphorus

Conventional
biological 80-90 85-95 0-40

Biological-
physical 85-95 90-95 0-50

Biological-
chemical 90-95 95-99 90-95

Physical-
chemical 95-99 95-99 95-99

Biological-
physical-
chemical 99+ 99+ 99+

Source: I. J. Kugelman, "Status of Advanced Waste Treatment," paper presented
June 10, 1971 to the Long Island Marine Resources Council, Hauppauge,
Long Island, N.Y.
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3.6.4 Conventional waste treatment

Currently, some form of biological treatment is the most common method of treating liquid
waste. However, an examination of Table 3.31 shows that a substantial portion of the population
served by sewers either has no treatment, or at best, primary treatment, which is essentially
the removal of some suspended solids. The unsewered population is mainly rural, although it
also includes subdivisions using septic tanks and small communities that cannot afford sewer
facil iti es.

Table 3.31. Changes in sewered population and degree of treatment

Item 1968 1969 1970 1973

Sewered population, millions 140 144 148 163

Total U.S. population, mi11ionsa 201 203 205 210

Percent sewered 70 71 72 78

Level of treatment, percent

Sewered, no treatment 7 7 6 2
Sewered, primary 31 30 28 32
Sewered, secondary 62 63 66 /';4
Sewered, advanced <1 <1 <1 2

aSeries "n" estimates of U.S. Bureau of the Census.

Thus, conventional liquid-waste treatment can be defined as biological treatment for the
purposes of this assessment. Conventional sewers will be gravity flow; however, new regulations
require at least secondary treatment by 1977.

According to information obtained in the 1970 U.S. Census,12 50% of the urban population
resides in municipalities having a population of 100,000 or less. The number of places having
more than 100,000 residents is only 156 out of a total of 7062 urban places (2.2%). Thus, a
conventional plant could probably be defined as a plant having the capacity to process 10 Mgd
or less of liquid waste. However, current EPA policy is directed toward regional treatment
plants, which, in.the future, may result in larger treatment plants.

Figure 3.42 gives some indication of the land area normally devoted to biological liquid
waste-treatment plants. The land area suggested in Fig. 3.42 includes the entire treatment
plant and associated open space. The actual size of the treatment equipment is smaller than
the amount shown in Fig. 3.42.

3.6.5 MIUS liquid-waste treatment

Because MIUS-served building complexes are small, it appears that MIUS would probably use
factory-prefabricated package plants for liquid-waste treatment. Plants designed for biological
or physical-chemical processing are availab1e. 1 The type and degree of treatment required at
each site would be highly dependent on state or local regulations, the final disposal point
for the effluent, or, if MIUS decided to reuse the effluent for purposes other than drinking
water, the specific reuse contemplated. Physical-chemical plants produce a higher quality
effluent but are more expensive; however, a well-run biological plant should meet most state

effluent standards for the near future.

-,
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3.6.6 Capital and operating costs

Some indication of the capital costs of package liquid-waste-treatment plants can be
obtained from Fig. 3.43. Also shown on this figure are the data developed by Smith for larger
capacity treatment plants using the activated-sludge (biological) process.
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As previously mentioned, the per capita operating and maintenance costs increase as plant
size decreases (see Fig. 3.44). For larger plants, Fig. 3.45 can be used to estimate operating
and maintenance costs for both biological and physical-chemical treatment. Also included is
the cost of biological treatment, with certain physical-chemical treatment operations added.
Physical-chemical treatment costs for small package plants consist of chemical and power costs

(see Table 3.32) and assumed operating labor required.
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3.6.7 Reuse of wastewater effluent

Treated effluents from conventional or MIUS wastewater treatment plants can be reused or
recycled before final disposal. The Environmental Protection Agency strongly supports reuse
for agricultural, industrial, recreational, and groundwater recharge applications. They do not,
however, advocate direct recycle for municipal water supply.13 In the case of MIUS, wastewater
effluents could be used for (1) cooling water for the MIUS power plant, (2) a fire protection
system, (3) irrigation of parks and golf courses, (4) recreation (ponds), or (5) the water
supply of nearby industries. The degree of treatment required for each specific reuse varies,
but, in general, a good biological or physical-chemical effluent will meet quality requirements.
Some form of tertiary treatment may be required for boiler feedwater. Generally, recreational

waters (such as for boating, fishing, or bathing) must be low in bacterial content. 14 ,15
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Table 3.32. Typical performance and chemical and electrical
power requirements for the Met-Pro IPC system

Item

Coagulant
pH correction
Activated carbon
Chlorine disinfectant
Electrical costs

Amount used
(mg/liter)

230
120

72
3

Cos t per 1000
gallons

($)

0.055
0.01
0.18
0.003
0.07

Total 0.318

Data from the Met-Pro Corporation (1972). Labor costs must be added
to the above costs.

If the MIUS effluent is not recycled, some release point must be found. Depending on site
features, such as a nearby watercourse, and regulations of state and local agencies concerning
releases, effluent disposal mayor may not be a problem. One alternative to the installation of
outfall sewers to a surface-water release point would be deep-well injection, provided that
suitable geologic formations exist at fairly shallow depths (less than 1000 ft).16 Capital and
annual costs (Table 3.33) were estimated for a 720-unit MIUS. Assuming that a suitable formation
is available at a 500-ft depth, and that the alternative surface-disposal site is 5 miles away,
deep-well injection is less expensive; however, the costs become about equal at a distance of 2
miles to the alternative disposal site. Deeper wells will tend to increase the break-even dis
tance.



3-107

Table 3.33. Costs of liquid~effluent disposal

Deep-well Buried mains
Item to offsite

injectiona
disposal

Capital cost, $

Treatment plantb 150,000 150,000
Well and pumps, etc. a 17,500
Outfall sewerc 490,000

Total capital 167,500 640,000

Annual costs, $

Fixed capital (15%) 25,200 96,000
Operation and maintenance 37,000d l5,000e

Total annual 62,200 111,000

aCapital and operating costs from W. J. Boegly, Jr., D. G.
Jacobs, T. F. Lomenick, O. M. Sealand, J. A. Hunter, and
C. L. Gransee, The Feasibility of Deep-Well Injection of
Waste Brine from Inland Desalting Plants, OSW Research and
Development Progress Report No. 432, March 1969; well
depth is 500 ft.

bCosts from Fig. 3.43; capacity of plant, 200,000 gpd;
$50,000 added for fencing, control building, etc.; bio
logical treatment.

cFrom W. J. Boegly, Jr., et al., MIUS Technology Evaluation
-Liquid Wastes Collection, Treatment and Disposal, ORNL/
HUD/MIUS-16, draft (1973); 5 miles long.

d$0.30/l000 gal injected, plus treatment-plant operating and
maintenance costs.
e

2500 people served.
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3.7 SOLID-WASTE SUBSYSTEM FOR MIUS AND CONVENTIONAL UTILITIES

3.7.1 General

The solid-waste subsystem consists of the equipment required to collect and dispose of
the solid waste produced by the residential community served. Collection can be accomplished
using various container systems; bags; various types of vehicles; or vacuum, pneumatic, or
slurry transfer systems. Individual dwelling-unit garbage grinders can also be used in the
solid-waste system to reduce the amount of refuse to be collected and to eliminate the putres
cible organic matter in the waste. However, this material is then transferred to the liquid
waste-treatment subsystem where it may increase volumes of sludge and grease.

A developer using a MIUS may be able to simplify solid-waste collection and storage
because he also has control over the disposal operation. For disposal, the developer has the
following options available: sanitary landfill, incineration, composting, pyrolysis, wet
oxidation, and chemical or biological conversion. Only the first two methods are in common
use in the United States at this time.

A basic assumption in this assessment is that consumer requirements, such as the composition
and production rate of solid waste, are the same whether the development is served by MIUS or
a conventional system. The treatment and disposal of solid waste may vary between MIUS and
conventional systems.

The following sections present information on various forms of solid-waste management and
their potential advantages and disadvantages. For greater detail, a companion volume in the
MIUS technology evaluation series can be consulted. 1

3.7.2 Solid-waste composition and guantity

Generally, the composition and quantity of solid waste generated varies with geographic
location, seasonal factors, and the mix of producers (i.e., the number and type of housing
units and commercial facilities). There is every reason to believe that the quantity of solid
waste and its composition will change in the future. Historical trends indicate that production
is increasing by a few percent each year. 2 Major recycling efforts might slow or reverse this
trend. Major changes in composition appear to be an increase in paper content, in plastics,
and in aluminum as ~he aluminum can replaces the steel beverage can. 3

Significant recycling of paper or the widespread use of incineration could reduce the
amount of material requiring ultimate disposal. However, the MIUS or the conventional system
must still provide some form of disposal operation for waste materials having little or no
salvage value.

The quantities of solid waste assumed for design purposes for the residential units in
Operation Breakthrough are presented in Table 3.34. 4 Estimates of commercial production should
be added to these figures; however, for the purpose of this assessment, the values in Table
3.34 will be used to estimate the amount of solid waste to be handled. It should also be pointed
out that the reported national average for solid-waste production is about 5.5 lb/day per person;
however, this figure includes commercial, certain industrial, and perhaps some agricultural-
type wastes. s Thus, the assumed values used in this assessment are lower than the national
average but would appear to be more representative of a basically residential area. Although
these values are for the average day, considerable variation in quantity can be expected between
days of the week and from week to week. Some of the day-to-day variation is masked if collection
is performed on a weekly basis but becomes a greater concern if a more frequent collection
schedule is used.
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Table 3.34. Estimated per capita quantities of wastes to be handled

Item Wet weight (lb/day) Volumeo (ft 3/day)

Garbage 0.5 0.08
Rubbish 3.0 0.50
Trashb 0.5 0.08

Total 4.0 0.66

°As collected, prior to compaction.

bDefined as solid waste from outside the bui.ldings.

Estimates of the composition of solid waste produced by residential areas are presented in
Table 3.35. 6 For purposes of this assessment, the waste is assumed to have 20% incombustible
material and a heating value of about 5500 Btu/lb (approximately a mix of one-half type 1 and
one-half type 2 waste as defined by the Incinerator Institute of America).7

Table 3.35. Expected ranges in mixed municipal refuse compositiono

Percent composition as received
(dry weight basis)

Component
Anticipated range Nominal value

Paper 37-60 55
Newsprint 7-15 12
Cardboard 4-18 11
Other 26-37 32

Metallics 7-10 9
Ferrous 6-8 7.5
Nonferrous 1-2 1.5

Food 12-13 14
Yard 4-10 5
Wood 1-4 4
Glass 6-12 9
Plastic 1-3 1
Mis cellaneous <5 3

100

°Moisture content ranges from 20-40%.

3.7.3 Solid-waste collection

Solid-waste collection in apartment house complexes involves some processing and temporary
storage either within or outside the building. Many options are available; however, the same
options can be used in MIUS-served or conventionally served developments. Systems for collecting
and storing solid waste within buildings and between buildings are listed in Table 3.36.
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Table 3.36. Solid-waste collection
and storage systems

Within buildings

Garbage grinders
Compactors
Bags or sacks
Bailers
Grinders, shredders
Chutes
Storage containers

3.7.3.1 Collection systems within buildings

From buildings

Vacuum collection
Slurry pumping
Tube express
Sewers
Vehicular

In recent studies by Green1eaf/Te1esca for Operation Breakthrough, a detailed analysis of
the collection systems that might be best for various mixes of high-density housing was provid
ed. 4 In almost all cases they recommended the use of individual dwelling-unit garbage grinders;
however. they noted that use of the grinders merely transfers a portion of the solid waste to
the sewer system, and that allowances must be made in the 1iquid-waste-treatment facilities to
handle the expected increase in solids, biological oxygen demand. and grease content of the
sewage.

For single-family attached and detached dwelling units, the study indicated that interim
in-dwelling storage followed by periodic manual transfer to backyard garbage cans would probably
be the most acceptable method. Use of refuse compactors in individual dwelling units could
reduce the required interim storage and the frequency of transfer from the dwelling units to
the outside storage areas; however. the additional capital cost of the compactors must be con
sidered.

Low-rise multifamily housing. such as two- or three-story apartments or garden apartments.
may have common interior or exterior stairs and access corridors which present different collec
tion problems. Manual transfer to outside storage containers, or the use of chutes. are possible
solutions. Medium- or high-rise apartment buildings require the use of chutes or elevators to
transfer waste from dwelling units to the building storage areas. The use of chutes reduces
the incentive to use individual unit compactors because waste can easily be placed in the
chutes and the total building waste can be handled by a single large compactor.

Selection of collection methods is basically determined by economics, convenience. aes
thetics. and the disposal system to be used. Compaction of waste may not be desirable if
onsite disposal methods that perform better with "loose" material are used (such as incineration
or pyrolysis). For this assessment. it is assumed that both MIUS and conventional utilites use
the same collection methods within buildings.

3.7.3.2 Collection from buildings

Essentially 100% of the solid-waste collection systems in use in the United States are
manual operations followed by vehicular transfer to a disposal site. s Alternative collection
systems. such as vacuum or pipeline transport of solid waste from buildings. has been proposed;
however. these systems are not in widespread use at this time. and economic factors are not
well defined. especially for small systems.
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Residential developments that contain high-density, high-rise housing are considered
highly suitable for vacuum collection. Vacuum collection systems reduce the amount of manual
handling of the waste and local storage in building basements and eliminate vehicular traffic
and labor for pickup. Greenleaf/Telesca have reported estimates for vacuum collection systems
for two of the Operation Breakthrough sites. 4 They estimated an installed capital cost of
$1050 per dwelling unit for the Memphis site and $900 per unit for the Jersey City site. Any
proposed installation would require a site-specific analysis to determine capital costs. At
this time there is insufficient information available to estimate the costs of operation and
maintenance.

In developments having a variety of housing types, one single method of storage and col
lection may not be as practical or as economical as several methods used concurrently. The
procedures used in the Greenleaf/Telesca study provide a basis for the selection of a satis
factory solution. 4

As with methods used within buildings, the methods listed for collecting and transporting
solid waste from groups of buildings and the use of central storage facilities would generally
be applicable to both MIUS-served and conventionally served developments. Thus, it is assumed
for this assessment that there are no significant differences between MIUS and conventional
collection and transfer methods.

3.7.4 Solid-waste disposal

Currently, the most commonly used disposal method is some form of land disposal (for
approximately 90% of the waste generated), with the balance being incineration. 9 Pilot plants
are under construction to evaluate the use of pyrolysis, and considerable interest is being
expressed in bioconversion of wastes to produce alternative fuels. 10

Since MIUS goals include the recovery and use of waste heat and conservation of fuel,
incineration or pyrolytic methods appear to be highly desirable unless economics rules out
their use, or if the recovered heat cannot be used.

3.7.4.1 Land disposal

As previously noted, land disposal is the most common method of solid waste disposal. 9

Unfortunately, many of these land disposal operations are open, burning dumps and are not
approved operations. 11 For purposes of this assessment, it is assumed that if land disposal is
used, then it will be an approved sanitary landfill, meeting all federal, state, and local
regulations.

In a sanitary landfill, waste is delivered to a prepared site, spread in thin layers,
compacted and covered daily (or more frequently) with at least 6 in. of dirt. 12 ,13 This pro
cedure results in "cells" surrounded by dirt containing the compacted solid waste. This pro
cedure isolates the waste, thereby reducing the chances for fires, insects, rodents, blowing
paper, and general unsightliness. The depth of the fill depends on local site conditions but
rarely exceeds 10 ft. 13 If a deeper fill is required, a second layer can be applied at a later
date.

A number of textbooks present design information on slzlng sanitary landfills. 14 ,15 The
depth of the fill, the compacted density of the solid waste, and the ratio of cover material to
waste are the most critical factors in determining the amount of land required.
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Cited advantages of sanitary landfill are its low operating and maintenance costs, the
possibility of recovering marginal value land for other purposes, and simplicity of operation.
In an earlier MIUS evaluation 1 it was indicated that for smaller landfills, where the equipment
is not in constant use and land is expensive, very high unit operating costs can result. Some
idea of sanitary-landfill disposal costs, as a function of size, can be obtained from Fig.
3.46. 16
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Fig. 3.46. Total disposal costs for sanitary landfills. Data from M. R. Young, A SoZid
Waste DisposaZ PZan for a TWenty-six County Region in Tennessee, M.S. thesis, University of
Tennessee, Knoxville, 1972.

It is considered doubtful that the MIUS developer would run a small onsite or offsite
landfill to meet his needs, unless there are conditions on which he obtains approval to con
struct the development. If he chooses to use land disposal, it would be to his advantage to
contract with a larger landfill, even though the developer may have to haul the waste further
at additional cost. However, the possibility that the property has a ditch, ravine, swamp, or
depression which he would like to fill may affect his decision.
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Water pollution

One of the major concerns in land disposal operations is the potential for producing
surface- or groundwater pollution by leachate from the decomposing solid waste. 14 As the solid
waste decomposes, first aerobically (presence of oxygen) and later anaerobically (absence of
oxygen), bacteria convert the organic matter in the waste to carbon dioxide and methane. The
methane gas is lighter than air and diffuses upward through the cover material and can present
an explosion hazard. The carbon dioxide combines with water percolating through the filled
material and produces an acid leachate. This leachate (carbonic acid) reacts with iron within
the fill and the lime from calcareous materials. When this material reaches the water table,
it increases in hardness and, therefore, iron can occur. During the anaerobic phase of decom
position, ammonia and hydrogen sulfide can also be produced, resulting in increases in nitrates
and sulfates because of later oxidation during passage through the ground. Recently, some
concern has also been expressed about trace-element contamination.

Proper geological investigation and landfill design can minimize the leachate problem. l ?

Membranes or impervious clay layers, either above or below the fill, can be used to prevent
water passage through the fill.

Settlement

As a result of the decomposition process, a volume reduction occurs in the solid waste
within the fill. This can lead to settlement of the fill with surface cracking which allows
the entrance of precipitation into the fill, release of methane, and fly and rodent problems.

If precautions are taken in compacting the waste and in the placement and consolidation of
the cover material, the amount of settlement can be minimized. l ? The major portion of the
settlement occurs in the first six months to two years.

Use of filled land

One of the cited advantages of a sanitary landfill is that marginal or nonproductive land
can be reclaimed for alternative uses. IS The land should be allowed to settle prior to use;
however, this is of little concern if the land is to be used as a park, golf course, or open
space. Buildings on landfills should be carefully constructed to minimize the potential methane
and settlement problem.

3.7.4.2 Incineration

Incinerators are available in a number of sizes ranging from thousands of tons per day
down to 200 lb/hr or less. 1 Because the capital and operating costs of incinerators are high,
use of incineration is not common practice in the United States at this time. New air-pollution
laws have tended to force the closing of many incinerators in various parts of the country.18

Use of incineration has also suffered from the need to provide more highly skilled operators
than those required for land disposal. In the past many incinerators have been improperly in
strumented and controlled, requiring much operator judgment to obtain proper operation.
However, in recent years, interest in the use of incineration, especially with heat recovery,
has increased. This is probably due to two factors: (1) the lack of suitable land disposal
sites near larger cities and (2) the emerging energy crisis. Small incinerators, once considered
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highly undesirable, have been developed which have the necessary controls to ensure proper
operation and the ability to meet air-emission standards.

Early in the MIUS program, a survey was made to determine the availability of incinerators
in various sizes (with major emphasis on package units with heat recovery) which might meet
MIUS program needs. 1 A number of manufacturers of small units were identified. Many manufac
turers indicated that they could supply heat recovery, but very little cost or reliability data
were available. The best type of small incinerator appears to be the controlled-air, two
chamber, package type. This type of unit can be supplied with auxiliary firing to ensure
proper combustion.

Considerable interest has currently been directed to using municipal solid waste as a
supplemental fuel in existing coal-fueled power plants. A recent experiment by the Union
Electric Company in St. Louis, Missouri, has indicated that 10% solid waste can be fed to an
existing power plant with few operational problems. 19 Emissions are reported to be within
allowable limits; however, particulates were increased since the low sulfur content of the
solid waste reduced the efficiency of the electrostatic precipitators. Union Electric is
currently planning to increase its solid waste use to 8000 tons/day.2o

Gaseous emissions

One of the most frequent concerns expressed about the use of incineration is the potential
for air pollution, especially from particulates and gases released by the combustion of plastic
materials. Sulfur dioxide (S02) and nitrogen oxide (NOx) do not appear to be significant
problems. Table 3.37 gives the emission factors for typical incinerators. 21 - 25 The factors
are based on data for an industrial-commercial multichamber unit21 -25 and the assumption that
the waste was 80% combustible material (see Table 3.35). The values for S02' NOx' and hydro
carbons (HC) were obtained from the EPA compilation of emission factors. 21 The particulate
factor of 4 lb/ton was chosen following a survey of state implementation plans submitted to the
EPA. This value is more restrictive than the 7 lb/ton value given in ref. 25. For carbon
monoxide (CO), the Illinois proposed standard of 5.3 lb/ton was used, since it was more restric
tive than the value of 10 lb/ton in ref. 25. For a smokeless-odorless incinerator, emission
factors for CO, HC, and particulates would be reduced, sulfur oxides unchanged, and NOx increased
relative to a multichamber incinerator. Thus, CO, HC, and particulate emissions could be
reduced using a smokeless-odorless incinerator, but NOx would be about a factor of 3 higher.

Incinerator residue

If the waste contains 80% combustible material, there will still be a minimum of 20%
needing land disposal. The exact amount to be handled is highly dependent on the composition
of the waste and the combustion efficiency of the incinerator. This residue may also contain a
small fraction of unburned organic matter.

Resource recovery can be performed on this residue; however, for a single small incin
erator this may not be practical.

3.7.4.3 Other disposal methods

A number of new alternative disposal concepts are being developed. Perhaps the most
likely process for large-scale use is pyrolysis (combustion in the absence of air). Three
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Table 3.37. Emission factors for multichamber incinerators

Pollutant

CO
HC
NOx
S02 and S03
Particulates

Emission factor
(lb/ton of waste)

5.3
3.0
3.0
2.5
4.0

Sources:

1. Compilation 'of Air Pollutant Emission Factors (revised),
U.S. Environmental Protection Agency, Office of Air Programs,
Research Triangle Park, North Carolina, April 1973.

2. R. C. Corey, Principles and Practices of Incineration,
John Wiley and Sons, Inc., New York, 1969.

3. E. R. Kaiser, "The Sulfur Balance of Incinerators," J.
Air Pollut. control Assoc. 18(3): 171-74 (March 1968).

4. J. J. Sableski and W. A. Cote, Air Pollutant Emissions
from Apartment House Incinerators, U.S. Environmental Pro
tection Agency, Air Pollution Control Office, Durham, North
Carolina, March 1971.

5. L. J. Duncan, Analysis of Final State Implementation
Plans - Rules and Regulations, APTD-1334 , Research Triangle
Park, North Carolina, July 1972.

products are produced - a gas, tars, and chars - all of which may be used as alternatives to
natural gas, oil, and coal. 26 Two large plants under construction will be in operation soon.
Small-size equipment is not under development at this time.

Considerable interest has also been expressed in bioconversion (the conversion of biolog
ical materials to fuels). Use of these processes could convert municipal solid waste and
sewage sludge to methane gas.

3.7.5 Conventional solid-waste disposal

As mentioned earlier, some form of land disposal is the most commonly used method of
solid-waste disposal in the United States. Although many of these disposal sites do not meet
federal and state regulations, it is unlikely that there will be a large-scale trend away from
the use of land disposal. 2 The conventional method of collection for this assessment will be
manual pickup followed by vehicular transport. Costs of conventional land disposal for large
landfills can be obtained from Fig. 3.46. It can be seen that for landfills handling more
than 50 tons/day (about 35,000 people at 4 lb/day per person, and a five day per week pickup
schedule) the cost of disposal ranges from only $1 to $2/ton. To ~his must be added the costs
of transportation to and from the landfill. For this assessment, a hauling-disposal charge
of $4/ton has been assumed.

If the conventional method at the site is incineration, either with or without heat
recovery, greater costs can be anticipated. A 1600 ton/day incinerator has been constructed
in Chicago with water walls to obtain heat recovery at a unit capital cost of $15,000/ton of
capacity and a total operating cost (without credit for the recovered heat) of about $7/ton
of waste charged. 27 ,28 Costs have also been reported on a survey of seven incinerators in
the 300 to 600 ton/day range in which heat recovery was not practiced. 29 Costs were reported
in 1967 dollars after adjusting labor, depreciation, and interest to a common base and for a
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280 day/year operation.
Costs ranged from $4 to
been used.

To summarize conventional costs, 1andfilling-hauling charges are $4/ton, incineration is
$6/ton, and incineration with heat recovery (no credit for recovered heat) is $7/ton, including
disposal cost for the incinerated residue for both incineration costs. Collection costs have
been omitted since both types of systems would use the same type of collection procedure.

3.7.6 MIUS solid-waste subsystems

In the selection of solid-waste disposal technology for MIUS use, first consideration
should be given to systems which, when integrated with other subsystems, will contribute to
the attainment of MIUS program goals. Any of the considered onsite disposal methods could
result in reduced transportation of solid waste, optimization of collection and transfer methods,
and installation of service facilities in phase with community needs. In addition, the use of
incineration or pyrolysis could supply thermal energy or fuel to other subsystems, and land-area
requirements and environmental impact would be less than for alternative conventional landfill
disposal.

Incineration with heat recovery is recommended for consideration. Small pyrolysis systems
are not currently available, and incineration would reduce the waste to a small volume of sterile
residue and provide heat to the thermal subsystem. Economic feasibility would depend on the
net reduction of MIUS fuel consumption because of the use of thermal energy from the incinerator,
the cost of fuel, and the cost of alternative disposal methods.

In an earlier MIUS technology eva1uation 1 FOB factory costs were presented for two-chamber
incinerators with heat recovery (see Table 3.38). Using these costs and transportation costs,
installation costs, and costs for space to install the incinerator and to provide waste and
residue storage, and also using various burning times and associated labor costs it was possible
to estimate the cost of incineration in small units (Fig. 3.47). The estimating assumptions
used in developing Fig. 3.47 are given in Appendix A. Note that in the heat-recovery case the
costs in Fig. 3.47 are: (1) based on a five day per week collection schedule; (2) do not
include the cost of gas required for auxiliary firing; and (3) do not include a credit for the
value of recovered heat. This is because heat-balance calculations of specific consumer and
MIUS models are requ}red to accurately determine the amount of waste heat use and the net effect
on total MIUS fuel consumption. In the no-heat-recovery case, the cost of gas for auxiliary
firing is included.

Table 3.38. Cost of two-chamber incinerator
with heat-recovery equipment

Capacities FOB factory cost ($)

Incinerator
(lb waste/hr)a

1000
2000

Boiler b
(lb steam/hr)

5,000
10,000

Total system

60,000
75,000-80 ,000

Incinerator
only

30,000
39,000

a Type 1 waste at 6500 Btu/lb.

bIncludes supplemental firing; low-pressure saturated steam.
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Fig. 3.47. Annual and per-ton costs for incineration with and without heat recovery.
Collection of solid waste and disposal of residue are not included.

Added to the costs shown in Fig. 3.47 are the costs of residue disposal. Assuming that
land disposal is used, there will be hauling and disposal costs incurred which will have to be
estimated for each situation. Some idea of these costs can be obtained from refs. 1 and 30.
There is a remote possibility that the operator may find someone who is willing to take the
residue at no cost.

The MIUS operator may also elect to use a large existing landfill and incur the hauling
and disposal costs. In certain cases, this may well be the cheapest solution to the solid
waste disposal problem, depending on the price of using the landfill; in fact, in some areas,
there may be no charge. Some idea of the operator's disposal cost can be obtained from Fig.
3.46; however, some arrangement will have to be made for a daily haul of the solid waste to
the landfill. For this assessment, such use of a large landfill would be essentially iden
tical to conventional disposal with respect to total cost to the country and other impacts.

The options remaining to the operator appear to be somewhat remote. They are a small
onsite landfill or his own small offsite landfill. He would probably only landfill onsite
if it were the only alternative or if he wished to upgrade a portion of the site. Exactly
what would be the operator's incentive to operate a small offsite landfill is not clear unless
it were a prerequisite to developing his site. In this situation, he incurs considerable
hauling costs and must pay the high unit costs of a small landfill. Some idea of the costs
of a small landfill can be obtained from Table 7 of ref. 1. The decision to use this option,
however, could also be made for conventionally served developments. Whether such a small,
privately owned landfill would be defined as a MIUS or a conventional subsystem would depend
on factors such as the sharing of labor with other subsystems, integrated management and planning,
and the reasons for choosing this option.
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3.7.7 Summary

The quantity and composition of the solid waste generated in residential developments has
been defined, methods of collection have been described, and disposal alternatives have been
discussed. For purposes of this assessment, conventional solid-waste disposal has been defined
as some form of land disposal, and the MIUS subsystem has been given as incineration with heat
recovery. The MIUS operator could elect to use onsite or offsite land disposal, but this option
would not integrate with other MIUS subsystems except for the use of integrated management,
planning, and labor. It is assumed that landfill disposal methods used with other MIUS sub
systems and those used with other conventional services would not be significantly different
with respect to potential consequences of operation.
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Appendix A

COST FOR INCINERATION OF SOLID WASTE WITH AND WITHOUT
HEAT RECOVERY FOR MIUS-SIZE DEVELOPMENTS

Estimates of the cost for MIUS solid-waste incineration for several sizes of developments

are based on the following:

A. Direct costs = space + installed equipment cost + transportation and handling costs.

1. Space costs ($) = area (ft) x height (ft)

2. Installation cost factor = 1.36 x FOB cost. This allows 5% for spare parts, 6%
for contingencies, and 25% for installation materials and labor (including hook
up to utilities).

3. Transportation and handling costs.

a. Transportation costs for package-type modules vary from $5 to $9/100 lb,
according to weight. This should cover a shipping distance of about 500
miles.

b. Handling cost of $1/100 lb is used. This estimate assumes that the manu
facturer is equipped to handle the packages and that suitable handling
equipment and labor is readily available at the installation site.

B. Annual maintenance costs are as follows:

1. 3% of direct equipment cost, and

2. 2% of direct space cost.

C. Annual operating costs are as follows:

1. Electricity costs, $0.025/kWhr;

2. 900 Btu/ft 3 (LHV) gas costs $1/106 Btu, with 0.2 Btu of gas used per Btu in refuse.

3. Labor costs $7 per man-hour. This is equivalent to a labor rate of about $3.60 per
man-hour, with a 30% allowance for fringe benefits and a 50% overhead. The rate at
which refuse and residue can be handled varies, with the rate increasing as the
quantity increases. The assumption is that the operator will have increasing assist
ance from handling equipment and that no additional operating labor is required when
heat recovery is incorporated.

D. Indirect costs are 16% of the direct cost. This allows 10% for engineering, 5% for
owners G and A, and 1% for interest during the construction period.

E. Fixed charges are assumed to be 15% of the capital investment.

F. Four pounds per day of 5500 Btu/lb refuse is generated per person. The refuse contains
20 wt %incombustible material.
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3.8 CONSUMER THERMAL AND ELECTRICAL REQUIREMENTS

The MIUS thermal-electric subsystem integrates the basic functions of electrical power
generation, steam or hot-water generation, and water chilling, together with all necessary
supporting facilities. The basic electrical and mechanical design criteria for the MIUS are
defined by the consumer demand parameters of electricity, domestic hot water, space heating,
and space-cooling demand loads. For comparative evaluations, these consumer requirements would
also be used to define conventional system models. Data relating to consumer loads and require
ments are given in the following sections.

3.8.1 Domestic electric utility requirements

3.8.1.1 Domestic electric loads

The domestic electric load with diversity factors for each type of unit serviced in the
consumer complex must be determined and load distribution must be developed.

The yearly average use of electricity must be ascertained to estimate the MIUS fuel re
quirements. The consumer complex served by a MIUS typically consists of residential and com
mercial installations such as garden apartments, high-rise apartments, townhouses, shopping
centers, office bUildings, restaurants, and motels. Items that contribute to the basic domestic
electrical load are lights, refrigerators, television sets, dishwashers, ventilating-fan motors,
and miscellaneous other appliances. Besides the above appliances, the apartment and commercial
bUildings would have the following auxiliary electrical equipment: elevators, fan-coil units,
space-heating hot-water circulating pumps, chilled-water circulating pumps, corridor and utility
room lighting, garage lighting, office equipment, etc. All of these contribute to the electrical
loads, together with the basic loads normally associated with dwelling units. The various types
of electrical loads served by electric utilities are described and classified in the Electric

Utility Engineering Reference Book - Distribution Systems (see ref. 1).
Electrical load usually refers to the peak diversified demand. The diversified demand is

defined in ref. 1 as the demand of a composite group of loads at the receiving terminals averaged
over a specified interval of time. The peak demand of a group of individual loads is a function
of the diversity (or coincidence) factor and the individual peak demands of the loads comprising
the group. The peak demand (DmN ) can be determined from application of the basic definitions of
the following load characteristics:

Dml + Dm2 + ... + DmN
(FDV)N

(1)

(2)

(3)

(4)
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where
o = maximum demand of individual load or group of individual loads, applicable to
m

particular load commodity;

FLO = load factor of individual or group of loads applicable to particular load commodity
having maximum demand (Om) and for the particular demand interval and period to
which Om applies;

0avg average load (demand) in units of load commodity of interest, over the period of
interest;

FOM demand factor of a group of loads having connected load in units of particular load
commodity of interest;

0mn = maximum demand of a group of N individual load in units of particular load commodity
of interest;

Lc connected load in appropriate units of particular load commodity of interest;

(FOV)N = diversity factor of a group of N loads, with specific regard to the load commodity
of interest;

(Fc)N = coincidence factor of a group of N loads, with specific regard to the load commodity
of interest.

The peak demand as given in Eqs. (5) and (6) can be expressed as the peak diversified demand
per number of loads as follows:

°mN =average individual peak demand
N (FOV)N

°mN--N-- = (Fc)N (average individual peak demand) .

(5)

(6 )

The greatest application of peak diversified demand is to residential loads. Although the con
nected loads of residential services may be similar, the individual peak demands of house services
can vary because of the living habits of the occupants. To include the effects of variances in
living habits of individuals, the peak diversified demands of similar groups of connected loads
are averaged so that the characteristic will be generally applicable. Some average values of
peak diversified demand per consumer characteristics for various types of load are shown in
Fig. 3.48. 1 The curves in Fig. 3.48, labeled A through L, are for load types as follows:

A. clothes dryer;
B. off-peak water heater - "off-peak" load;
C. water heater, uncontrolled, interlocked elements;
O. range;
E. lighting and miscellaneous appliances;



3-125

ORNL DWG. 76-10529

30 40 50 eo 70 100:5 .. 5 6 7 • 1 10 20
NUM'ER Of' LOADS

2

~

~ --.;.. (b)I I I I I I I

~ I
I(-t-

~ 1'-~ I~ Illrrr-, @
I I I I I I I

~,,- - •
""""- 'Cl-
~ :--. I I

" --- ---- '6'
"- I , ,

r-- '" ~--- ......,'- 'F"
""'

~
~,

~i'-..

~I-I~ ~~
~- I ........... -.. 'G.......'-,-,...

:--.... .........1 I I I 1-:- ::::-
.......... ~ H)-m..........

.........
.........

r--- ~,-

I,0,

.02

.03

10
I

•
7

•
S

~
o
..J

.:: 10r .1"..x .7

~ .6
c
2 .,

~
o .4......
... .3
II:...
>
o
2 .2
::;)

!
)(

C
2

~
: .10
le1 .01
olio.

.07

.06

.0'

:5

..

(A) Clothes dryer
(B) Off-peak water heater-"off-peak" load
(C) Water heater, uncontrolled, interlocked elements
(D) Range
(E) Lighting and miscellaneous appliances
(F) 'h-hp room coolers
(G) Off-peak water-heater, "on-peak" load, upper element

uncontrolled

(H) Oil burner
(I) Home freezer
(J) Refrigerator

(K) Central air conditioning, including heat pump cooling
5-hp heat pump (4-ton air conditioner)

(L) House heating, including heat pump heating-connected
load of 15-kW unit type resistance heating or 5-hp heat
pump

Note: Characteristic (L) applies in an area of 1484 degree-days, avg. mo. min. degree-days of 45, and avg. mo. max. degree-dc
of 444. Heating season from Nov. to April, inclusive.

Fig. 3.48. Peak diversified 30-min.-demand characteristics of various modern residential
loads. After R. F. Lawrence and S. B. Gnscom, "General Considerations of Distribution," pp.
33-43 in Electric utility Engineering Reference Book - Distribution Systems, Electric Utility
Engineers, Westinghouse Electric Corp., 1st ed., 1965, with permission.
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F. 1/2-hp room coolers;
G. off-peak water heater - "on-peak" load, upper element uncontrolled;
H. oil burner;
I. home freezer;
J. refrigerator;
K. central air conditioning, including heat pump cooling - 5-hp heat pump (4-ton air

conditioner);
L. house heating, including heat pump heating - connected load of 15-kW unit type resis

tance heating or 5-hp heat pump.

Note: Characteristic L applies in an area of 1484 degree-days, average monthly minimum
degree-days of 45, and average monthly maximum degree-days of 444. Heating season
is from November to April, inclusive.

3.8.1.2 Electrical energy demand and use

The literature indicates that very good results have been obtained by estimating peak
residential demands from known kilowatt-hour consumptions. Various estimating methods are
described in ref. 1.

Table 3.39 gives typical electricity demands and consumptions for several selected domestic
appliances.

Table 3.39. Typical electricity demand and usage of
selected appliances

Lights and portable appliances

Clothes dryer

l-lashing machine

Dishwasher

Refrigerator

Color television

Miscellaneous

Typical demand Typical usage

watts kWhr/year

4/sq ft 840

5000 1200

1200 108

1200 360

300 1800

300 480

2000/circuit 600

The national average use of electricity for domestic service in the United States is shown
in Fig. 3.49 for small-, medium-, and large-use customers. 2

During the year 1971, the average home use of electricity in the region served by TVA was
14,400 kWhr, which is about double the national average. 3 A National Bureau of Standards study4

gives an average annual use of 7739 kWhr/year and a demand for each month of 1.2 to 1.5 kW. A
GATE reportS gives an annual average use of 3672 kWhr per dwelling unit (DU) per year. The
Philadelphia Electric Company6 (PECo) provided data for a typical garden-type apartment - the
annual electric use for the 150 apartments was 975,250 kWhr or 6500 kWhr/unit.
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Fig. 3.49. Energy sales per new residential customer (single-family and multifamily
customers). Federal Power Commission, from The 1970 National Power Survey, Part IV,
Washington, D.C., December 1971.
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The Northern Natural Gas Company? metered the electrical energy demand and consumption of
several types of commercial buildings and correlated the information on the basis of building
type and square feet of building area, as given in Table 3.40. Reference 7 presents the
electrical load profiles for seven classes of commercial and pUblic buildings. Figure 3.50
shows the electric load profile for a typical operating day for apartment houses.

3.8.1.3 Monthly variation in electrical energy use

Domestic electricity use varies with the month of the year, as can be seen by Table 3.41.
The percentages shown are based on averages taken from HUD Operation Breakthrough data 4 and
information provided by the Tennessee Valley Authority.

3.8.2 Domestic hot-water requirements

Various methods for estimating domestic hot-water requirements for different types of
buildings, including apartments, motels, office buildings, and food-service establishments,
are given in Chap. 35. of the ASHRAE Guide and Data Book, Systems Volume. s The water-use
data and sizing curves given in ref. 8 are generally based on an Edison Electric Institute
sponsored research report by Werden and Spielvogel. 9 All methods described are considered to
provide adequate hot water, if due allowance is made for any unusual conditions.

Table 9 of ref. 8 gives estimates of the maximum hot-water requirements in 24 hr for
various types of buildings. Peak hourly and daily demands for various categories of commer
cial and institutional buildings are shown in Table 11 of ref. 8. According to a discussion
in ref. 8 on hot-water requirements for multiple housing, a design value of about 20 to
40 gal/day per person may be assumed for multiple dwellings, depending on the number of
persons in the house or apartment. If the occupancy is known, Table 12 of ref. 8 may be used
to estimate hot-water demand characteristics for various types of buildings. Table 13 of
ref. 8 gives hot-water demand per fixture for various types of buildings; the table may be
used to size water-heating equipment if the number and type of fixtures are known. To obtain
the probable maximum demand for this table, the total quantity for the fixture is multiplied
by the demand factor in line 19 of Table 13 (ref. 8). Thus, considerable judgment will be
required of the system analyst to select appropriate hot-water consumption data for specific
building types based on the various methods presented in ref. 8.

3.8.2.1 Diversity

As a result of staggered hot-water peak-load demands, the MIUS district heating plant can
take advantage of the various uses of different buildings connected to the central system. One
or more large water-heating units in a central plant could have an output significantly less
than the combined sum of the individual building units, without loss of reserve capability.
The ratio of the maximum demand on the central plant divided by the summation of the individual
maximum demands is defined as the diversity factor.

Peak hourly and daily demands for various categories of commercial and institutional
buildings are shown in Table 3.42. Also given in Table 3.42 are average hot-water consumption
figures which may be used to estimate yearly usage of hot water. Note that for apartment houses,
the demand per apartment decreases as the number of apartments increases, presumably because of
load diversity.
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Summary of suggested electrical load design units
for typical buildings

.!.3uildings
Normal Peak
kw/ 1000 SFa

BUildin~ Area Limits

Motels
Apartment Houses
Retirement Homes
High Schools
Hospitals
Office Buildings
Shopping Centers

2.52
2.18
1.43
1.52
1.94
3.27
5.12

60, 000
IS, 000
55,000

100, 000
90,000

100, 000
250,000

145, 000
100,000
160,000
400, 000
l50,OOO
400, 000
900,000

Additional Load for Total kw Peak

Per Freight Elevator-------

H.P. Peak kwh Run kw Daily Use kwhr

Motels
c

Apartment Houses c

Retirement Homesd

High Schools c
Hospitalsc, e
Office Buildings

d

Shopping Center SC

30
15
15
30
30
30
30

137
70
44

137
140
94

137

35
11
15
35
36
53
35

53
17
23
30

210
79

105

Per Passenger Elevator ------

H.P. Peak kwh Run kw Daily Use kwhr

Motels c

Apartment Houses c
Retirement Homesd

High Schools c
Hospitalsc, e
Office Buildingsd

Shopping Centers c

NOTES:

15
15
15
15
30
40
15

80
80
44
80

140
127

80

12
12
15
12
36
53
12

90
48
23
25

210
210

48

a. Includes air handling motors, does not include prime movers for air con
ditioning or elevators.

b. Peak kw for geared traction, rheostatic control elevators should be re
duced by approximately 40<T~' if replilced with gearless traction, unit
rnu1tivoltage control elevators.

c. Kw based on geared traction, rheostatic control elevators, less than four
floors.

d. Kw based on gearless traction. unit-multivoltage elevators, more than
four floors.

c. Huspitals are equipped with special elevaturs.

Source: Electrical Load Profiles (GATE). supplied by Northern Natural
Gas Company, Omaha, Nebraska, Institute of Gas Technology,
Chicago, Project S-286, July 1966, p. 1.
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Table 3.41. Monthly variation of
electricity use in apartmentsa

January 9.1 JUly 8.7
February 8.5 August 8.6

March 8.1 September 8.4

April 7.6 October 8.4
May 7.6 November 8.2

June 7.9 December 8.8

aExpressed as percentage of total annual use.

3.8.2.2 Flow profiles

Hourly flow profiles are shown in Fig. 3.51 for several building categories in a MIUS.
These profiles were selected from actual metered tests, but were not necessarily considered
typical of all buildings in that category. According to the ASHRAE Guide and Data Book,

Systems Volume,8 these flow profiles should not be used for sizing water heaters since the
hourly flows shown may be less than those required. The curves, however, are useful in esti
mating the hourly energy requirements since they can be used to determine the relative magni
tude and time of day of the peak water-heating demands. The domestic hot-water demand will
typically have maximum values in the late forenoon and in the evening.

3.8.2.3 Hot-water energy consumption

Examination of test data reported by Spielvogel and Werden 9 indicates no discernible
difference in hot-water demand because of geographical location. However, the yearly energy
requirements may vary significantly with location because of variation of the hot-water heater
design inlet temperature (see Fig. 3.52 for average groundwater temperatures). Hot-water
heater energy consumption can be estimated from the following equation:

where

Q
365GpC

p
(Th - Tc )

7.481 E .
(7)

Q = annual energy consumption, Btu/year;
G = hot-water use, gal/day (from Table 3.42 or other sources);
p = density of water, lb/ft3 ,

Cp specific heat of water, Btu 16-1 °F-1;

E hot-water heater efficiency, fraction;
Th hot-water design temperature, OF;

Tc inlet water temperature, OF (groundwater temperature from Fig. 3.52);

365 days per year;
7.481 gallons per cubic foot.
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Table 3.42. Hot-water demands and use for various types of buildings

Type of Building Maximum Hour
I

Maximum Day Average Doy

Men's Dormitories 3.8 gal/student 22.0 gal/student 13.1 gal/student
Women's Dormitories 5.0 gal/student 26.5 gal/student 12.3 gal/student

Motels: No. of Units'
20 or less 6.0 gal/unit 35.0 gal/unit 20.0 gal/unit
60 5.0 gal/unit 25.0 gal/unit 14.0 gal/unit
100 or More 4.0 gal/unit 15.0 gal/unit 10.0 gal/unit

Nursing Homes 4.5 gal/bed 30 .0 gal/bed 18.4 gal/bed

Office Buildings 0.4 gal/person 2.0 gal/person 1 .0 gal/person

Food Service Establishments:
Type A-Full 1.5 gal/max 11.0 gal/max 2.4 gal/avg

Meal Restaurants and Cafeterias meals/hr meals/hr meals/day'
Type B-Drive-Ins, Grilles, Lunch- 0.7 gal/max 6.0 gal/max 0.7 gal/avg

eonettes, Sandwich and meals/hr meals/hr meals/day'
Snack Shops

Apartment Hou~..es: No. of Apartments
20 or less 12.0 gal/apt. 80.0 gal/apt. 42.0 gal/apt.
50 10.0 gal/apt. 73.0 gal/apt. 40.0 gal/apt.
75 8.5 gal/apt. 66.0 gal/apt. 38.0 gal/apt.
100 7.0 gal/apt. 60.0 gal/apt. 37.0 gal/apt.
130 or more 5.0 gal/apt. 50.0 gal/apt. 35.0 gal/apt.

Elementary Schools 0.6 gal/student I .5 gal/student

I
0.6 gal/student'

Junior and Senior High Schools 1.0 gal/student 3.6 gal/student 1.8 gal/student'

* Per day of operation.
0. Interpolate for intermediate values.

Source: ASHRA~ Guide and Data Book, Systems 1970, American Society
of Heating, Refrigerating and Air-Conditioning Engineers,
Inc., New York, p. 5~9.
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Fig. 3.51. Hourly flow profiles for various building types. From ASHRAE Guide and Data
Book, Systems Volume, American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc., New York, 1970, with permission.
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3.8.2.4 Outlet temperature

The hot-water requirements for residential and institutional use are for a variety of
services including lavatories, showers, tubs, dishwashers, clothes washers, and general clean
ing. The normal temperature requirements for some of these services are given in Table 3.43.
The hot-water use temperatures listed in this table range from 105°F for hand washing to 180°F
for sanitizing rinse purposes in food-service establishments. For dwelling units, a hot-water
temperature of 140°F is considered reasonable for general-purpose use. In a restaurant,
bacteria kill is usually achieved by exposing the washed dishes to a rinse water of 180°F
for several seconds. This water temperature can be obtained by using a localized booster
heater to heat the supplied hot water.

Table 3.43. Representative hot water
utilization temperatures

Use Temp, F

Lavatory
Hand washing 105
Shaving 115

Showers and Tubs 110
Therapeutic Baths 110
Commercial and Institutiona' Dishwashing

Wash 140
Sanitizing rinse 180

Commercial and Institutional Laundry 180
Residential Dishwashing and Laundry 150
Surgical Scrubbing 110

Source: ASHRAE Guide and Data Book,
Systems 1970, American Society
of Heating, Refrigerating and
Air-Conditioning Engineers, Inc.,
New York, p. 550.

3.8.2.5 Inlet water temperature

The potable water for a MIUS may be obtained from either a surface-water or a groundwater
supply. The inlet water temperature to the hot-water heater will then be determined by the
temperature of the potable water, which varies depending on the source of the supply (surface
or groundwater) and the specific location of the MIUS. Obviously, the less the difference
between the design temperature and the inlet water temperature, the less the energy require
ment will be.

If the source of potable water for the MIUS is groundwater, then one would expect that
the seasonal variation of inlet water temperature to the heater would be negligible since
groundwater temperatures at a depth of 30 to 60 ft seldom vary more than a degree all year
and, at greater depths, remain practically unchanged (unless altered by flow through the

distribution piping). The approximate temperatures of water from nonthermal wells at depths
of 30 to 60 ft are shown in Fig. 3.52.

If the source of inlet water for the heater is surface water, however, seasonal variations
in energy consumption can be significant since the temperatures of water in rivers and lakes
are determined mainly by seasonal changes in air temperature. Also, even though the source
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Fig. 3.52. Approximate temperature of water from nonthermal wells at depths of 30 to
60 ft. From J. Geraghty et al .• Water Atlas of the United States. Water Information Center.
Port Washington. N.Y .• May 1973.

of potable water is nonthermal wells. seasonal variation in ground temperature can influence
the inlet water temperature by heat transfer to or from the water flowing through the under
ground distribution piping. Table 3.44 gives monthly variation of domestic hot-water heating
load assumed for calculation by the 1970 ORNL comparative energy analysis program.

Table 3.44. Monthly variation of domestic
hot water heating load

January

February
March
April
May
June
July
August
September
October
November
December

11.4% of total annual
load (6000 kWhr)

11.0
10.3

8.8
8.2
6.2
4.8
5.9
6.0
7.1
9.9

10.5
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3.8.3 Building and site auxiliary loads

Besides the basic domestic electrical demand, the load requirements of various auxiliary
equipment items associated with the MIUS generating plant and with the consumer loads must be
estimated. These loads, added to the basic domestic electrical load, will determine the total
electrical load on the generator plant and, hence, the amount of available waste heat from the
prime movers. Auxiliary loads associated with the MIUS generator equipment building include
the hot- and cold-water pump motors and the cooling tower fans and pump motors. The loads
associated with the consumer include fan-coil blowers, elevators, and building hot- and cold
water circulating pumps in each building.

In some instances, the elevators and corridor lighting are included in the domestic load
of high-rise apartment buildings. From load data for a typical high-rise apartment,6 it was
deduced that the typical diversified demand would be 2 kW/apartment. In addition to the basic
electrical demand for lighting etc., the 2 kW/apartment was deemed adequate to include elevator
electrical loads, as well as lighting in corridors, service areas, and garage. The energy used
is 10,000 kWhr/year per apartment. The demand load for elevators is assumed to be 20 kW per
elevator, and the running load yearly energy consumption is assumed to be 0.045 x 106 kWhr/year
per elevator.

The auxiliary loads are seasonal in nature and depend on the heating and cooling requirements.

3.8.4 Building thermal energy requirements

since

Worst

1
Bi-level
Spl it-foyer

Two-story
Townhouse Best

Garden-type apartments and high-rise apartments would be better than those shown
exposed wall area per dwelling unit for each is less than that for the townhouse.the

Procedures for calculating the space-heating and space-cooling load requirements for
various residential and commercial structures are recommended in ASHRAE handbooks.ID,11 These
procedures consider the influence of the following architectural parameters on the heat loss
and heat gain of a specific building, for a given indoor design temperature:

1. wall, roof, floor, and glass U values;
2. ratio of glass to wall area;
3. air infiltration and ventilation;
4. internal loads;
5. building orientation.

Besides these parameters, the FCST Committee on Energy Research and Development Goals l2

has shown that house style can have a significant effect on conductive heat loss. In Fig. 3.53,
electrical energy consumption has been normalized to a constant value to account for variations
in floor area and life-style associated with specific types of houses, and the relative gas
consumption is compared. From this figure, it was inferred that the house-style effect on
conductive heating load is as follows:

Split-level
Rancher
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NOTE:

1. ALL 4 BEDROOM HOMES

2. NO ft2 RELATIONSHIP

3. NO CONSTRUCTION RELATIONSHIP

V//7//1 ELECTRIC

I§X>OO<3 GAS

SPLIT- LEVEL

BI- LEVEL

9000 10,000 11,000 12,000 13,000
ANNUAL ELECTRICITY USE (kWhr)

14,000

I
3000

I I I I I I
1800 2200 2600

GAS USE (hundred cubic feet)

I
1400
ANNUAL

I
1000

Fig. 3.53. Normalized energy consumption vs house style. From Hittman Associates, Inc.,
Residential Energy Cosumption - Phase I Report, Report HUD/HAI-l, U.S. Department of Housing
and Urban Development, March 1972.
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3.8.4.1 Conduction heat load

Th0jbasic equation for the loss of heat by transmission through any surface is given in
the ASHRAE Handbook of Fundamentals I 0 as

(8)

where
H = heat ioss transmitted through the wall, roof, ceiling, floor, or glass, Btu/hr;
U = coefficient of transmission, air-to-air, Btu hr- I ft- 2 of-I;

A = area of wall, glass, roof, ceiling, floor, or other exposed surface, ft 2 ;

Ti = indoor temperature near surface involved, of;

To outdoor temperature, of.

3.8.4.2 Insulation requirements

The Federal Housing Administration has revised the insulation requirements of "Minimum
Property Standards for One and Two Living Units"13 (FHA No. 300, Interim Revision 51a) and
"Minimum Property Standards for Mul tifamily Housing"14 (FHA No. 2600, General Revision No. 1~-21).

The purpose of the FHA change is to meet the Department of Housing and Urban Development's com
mitment to national air-pollution-control and fuel-conservation programs. Sufficient insulation
is required by MPS No. 300 to reduce the maximum permissible heat loss by about one-third in a
typical 1200-ft2 home. The apartment standard will utilize jle "envelope" approach and require
insulation in all exterior walls, ceiling, and floor.

The key part of Interim Revision 51a is a master graph, Fig. 3.54, from which maximum allow
able heat losses and gains through walls and ceilings can be determined for any square footage
of floor area (600 to 2600 ft 2 ) and for any design temperature. The floor area used is the
total area to be heated to 70°F, measured to the outside of exterior walls. Floor heat losses
and gains are treated separately. The heating section of Fig. 3.54 is based on 20 Btu/ft2 of
fl oor area.

Under heat-loss conditions, maximum coefficients of heat transfer (U values) shall not
exceed the following values for single-dwelling units:

1. Ceilings. The maximum coefficient of heat transfer (U value for heat flow up)
generally should not exceed:
a. 0.05 for ceilings with heating panels (insulation R-19),
b. 0.08 for ceilings without heating panels (insulation R-ll).

2. Walls. To lessen the effects of cold walls and drafts, the total calculated
heat loss (excluding infiltration loss) through all exterior walls, doors,
windows, etc., should not exceed 20 Btuh per square foot of total floor area
of the spaces to be heated to 70°F.

3. Floors. To reduce the effects of cold floors over unheated basements, crawl
spaces, breezeways, and garages, the maximum coefficient of heat transfer
(U value for heat flow down) shall not exceed:

Winter design
temperature

+25F to -10°F
Colder than -10°F

Maximum U value

0.10 (insulation R-7)
0.07 (insulation R-ll)
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Note 1. A basement shall be considered unheated unless it is (1) provided with
a positive heat supply equivalent to at least 15% of the total calculated heat
loss of the living unit or (2) contains the heating unit and uninsulated ducts

or piping.

Note 2. A crawl space is considered unheated unless it is (1) provided with
a positive heat supply equivalent to at least 10% of the total calculated
heat loss of the living unit, or (2) contains uninsulated ducts or piping, or

(3) is used as a supply or return plenum.

Note 3. A garage is considered unheated unless it is provided with a positive

heat supply to maintain a minimum temperature of 50°F.
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3.9 COMPARATIVE ANALYSIS OF SELECTED MIUS AND CONVENTIONAL SYSTEM MODELS

The wide variation of consumers which could be served by MIUS and the many combinations of
applicable utility subsystems (described in previous parts of Sect. 3) lead to a large number of
possible MIUS configurations. However, a quantitative estimation of primary MIUS impacts, such as
private cost, fuel consumption, and emissions, requires the synthesis and analysis of specific
systems serving well-defined consumers in a particular climate. The procedure selected for this
assessment uses specific consumer, MIUS, and conventional utility models which represent typical
examples of MIUS and conventional applications, but they do not necessarily represent optimum
designs for any particular location. The models serve as key working tools to estimate relative
MIUS impacts. Sensitivity studies were then used to determine the effects of weather, develop
ment size, consumer requirements, and alternative system configurations on relative primary
impacts. Thus, the assessment effort is narrowed to the consideration of a finite number of
models and variations which are tractable to analysis, cover a wide range of situations, and
provide estimates applicable to widespread use of MIUS.

Section 3.9 draws on technological descriptions and data, presented previously, to define
specific hypothetical models. These models and hourly weather data provide input to a computer
program that calculates consumer loads, utility system energy balances, and emissions on an
hourly basis.

3.9.1 Garden-apartment consumer model

A garden-apartment complex, similar to the one described in ref. 1, is designed as the con
sumer model for making comparative analyses of selected MIUS and conventional utility system
models. The garden-apartment complex consists of 60 two-story apartment buildings, each having
12 apartments per building, for a total of 720 apartment units. The apartments are located on a
site of approximately 39 acres.

Data and assumptions employed for the garden apartments in this study are the following:
1. Location: areas with the climates of Philadelphia, Dallas, Minneapolis, Miami, and

San Diego.
2. Complex:

a. two-story garden apartment buildings, 36 by 150 ft, with 12 units per building;
b. buildings arranged in a cluster of 60 buildings (a cluster occupies about 39 acres);
c. four cl us ters occupy an area of about 1 sq mi 1e;
d. density in cluster = approximately 17 units/acre;
e. density in complex = approximately 10,000 persons/sq mile.

3. Apartment general data:
a.apartment size: 25 by 36 ft (900 ft2 floor area);
b. glass area: 90 ft2 total (about 50 ft2 in front, 40 ft2 in rear; shading

coefficient of 0.56;

c. window type: double glazed for Minneapolis, single glazed for other locations;
d. design ceiling height: 8 ft;
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e. overall heat-transfer coefficients (Btu hr- I ft-2 OF-I) -

Walls Roof Glass
Philadelphia 0.120 0.050 1.130
Dall as 0.120 0.050 1.130
Minneapolis 0.120 0.050 0.610
Miami 0.120 0.050 1.130
San Diego 0.170 0.080 1.130

f. building compass orientation: equal number of buildings faces north, south,
east, and west;

g. air changes for ventilation: 120 cfm year-round;
h. indoor design conditions: 73.5°F dry-bulb temperature with ±1.5°F temperature

band, 50% relative humidity (summer control).
4. Occ upancy :

a. average of 3.4 persons per apartment;
b. see Table 3.45, occupancy schedule for daily variation.

Table 3.45. Variation in occupancy in garden apartment units

Time
Number of
persons

Fraction of maximum
number persons

12 M 3.4 1.0
2AM 3.4 1.0
4AM 3.4 1.0
6AM 3.4 1.0
8AM 2.4 0.7

10 AM 1.0 0.3 Avg = 0.78
12 N 1.0 0.3 (2.65 persons)

2 PM 1.0 0.3
4 PM 2.4 0.7
6 PM 3.4 1.0
8 PM 3.4 1.0

10 PM 3.4 1.0

5. Domestic hot water:
a. 150°F water;
b. 58 gpd/apartment, base use;
c. See Fig. 3.51 for hourly profile of domestic hot-water use.

6. Domestic electricity:
a. 110/220 V supplied to each apartment;
b. peak design load per apartment for wiring and distribution transformer = 6 kW;
c. peak diversified load per apartment =1.24 kW;
d. average annual use per apartment = 6500 kWhr;
e. see Fig. 3.50 and Table 3.41 for hourly and monthly variations of electric

load respectively.
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7. Heating and air conditioning schedule:
a. heating during the months of January, February, March, April, May, September,

October, November, and December;
b. cooling during the months of May, June, July, August, September, and October.

8. Water and liquid waste:
a. 80 gpd/person;
b. groundwater temperature from Fig. 3.52.

9. Solid waste:
see Tables 3.34 and 3.35.

3.9.2 MIUS thermal-electric subsystem

The hypothetical MIUS thermal-electric subsystem model is typical of current total-energy
systems and is designated as Model A for identification.

Model A is a total-energy system in which all electricity, space heating and cooling, and
domestic hot-water needs are supplied to 720 garden apartments from a central equipment building.
Electricity is provided by five 500-kW gas-engine generators, and thermal energy is distributed
by a four-pipe district system which supplies hot (200°F) and chilled (43°F) water to each
apartment by two small (~1/3-hp) pumps. Heat is transferred to or from the water in fan coils
located in each apartment. A list of the major components is given in Table 3.46, and flow
diagrams for the central equipment building and the apartment buildings are shown in Figs. 3.55
and 3.56 respectively. Further descriptions and costs are given in Sect. 3.9.7.

Table 3.46. Major components of the reference
MIUS thermal-electric system

Identity

Engine-generator
Absorption chiller
Centrifugal chiller
Boiler
Heat exchanger
Hot-water pump
Chilled-water pump
Incinerator

Quantity

5
1
1
2
3
3
4
1

Size

500 kW
425 ton
675 ton
275 hp
7 x 10 6 Btu/hr
20 hp (500 gpm)
30 hp (500 gpm)
2000 lb/hr

The electrical load on the generating plant was separated into two parts: (1) the normal
apartment usages, excluding all requirements associated with providing heating, cooling, or
domestic hot water, and (2) the power required to provide the latter utilities which are con
sidered auxiliary loads. The normal diversified demand for the apartment complex was 1.24 kW/
apartment, and the yearly use was 6500 kWhr. The auxiliary loads are seasonal and depend on the
cooling and heating requirements.
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Fig. 3.56. Total-energy heating, cooling, and hot-water system.

System operating parameters, efficiencies, engine heat rates, operating schedules, etc.,
for the basic MIUS model are given in Tables 3.47 through 3.49 and Fig. 3.8.

Table 3.41 . Efficiency of gas-fired heaters and boilersa

Residential size 65%
Medium apartment house size 15%
MIUS equipment building and large industrial 80%
Water-to-water heat exchangers 90%

aBased on lower heating value (900 Btu ft- 3).

The heat content of solid waste is 5500 Btu/lb. The waste, ideally, should be incinerated
when heat is needed; however, the limitations of employee work schedules and waste storage must
be observed as shown in the schedule of Table 3.49.

3.9.3 Conventional thermal subsystems model

Each conventional thermal-electric subsystem model consists of two parts: (1) a projected
mix of large central-station generating plants plus transmission and distribution lines, sub
stations, and other facilities required to deliver electricity and (2) one of various types of
building service equipment using electricity, oil, or gas to provide space heating and cooling
and domestic water heating. Characteristics to be used for conventional generating plants were
based on published projections for generating capacity additions and were described in Sect. 3.3.
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Table 3.48. Efficiencies of central equipment
building apparatus

Engine generator efficiency
Gasa

Diesel
Waste-heat recovery rate

Gas
Diesel

Auxiliary boiler efficiencya
Incinerator efficiencya
Electric motor efficiency
Absorption chiller COP
Compressive chiller COP

Fig. 3.8
Fig. 3.9

Fig. 3.8
~4500 Btu kWhr-1

80%
60%
90%

0.67
4.96

aBased on a lower heating value of gas.

Table 3.49. Incinerator schedule

Heating season - 1 AM to 8 AM for 5 days per week, months 1 to 5, 11, 12

Cooling season - 9 AM to 4 PM for 5 days per week, months 6 to 10

Four types of building service equipment were selected for comparison with MIUS, and the type
used is the main difference between the four conventional models (designated Models C, D, E,
and F for identification).

3.9.3.1 Model C

Model C is a district system similar to Model A except, in this case, all electricity is
purchased from a separate utility. To set up a consistent manner of comparing the costs associ
ated with the different models, the cost of purchased power is separated into two components:
(1) the owning and operating cost of the central generating plant and the transmission lines,
and (2) the distribution system to the apartments, including a substation and power supply to the
central equipment building. The method used to determine the cost of purchased power is given
in the section describing conventional electric utilities.

All differences between Model A and Model C are within the central equipment building and
are attributed to the manner in which electricity is supplied. The Model C hot- and chilled-water
distribution system is the same as the Model A system. The apartment and apartment-building
systems are shown in Fig. 3.56. The major differences within the central equipment building are
that in the Model C engine generators are eliminated, and all air conditioning is supplied by
centrifugal chillers. A flow diagram of the system is shown in Fig. 3.57, and a list of major
system components is shown in Table 3.50.
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Table 3.50. Model C major system components

3.9.3.2 Model D

Item

Centrifugal chiller, tons
Boiler, hp
Heat exchanger, Btu/hr
Hot water pump, hp
Cold water pump, hp

Size Quantity

550 2
400 2

7 x 106 3
20(500 gpm) 3
30(500 gpm) 4

Model D uses a conventional heat-pump system, with individual units for each apartment. The
apartment system consists of an outdoor unit (compressor, condenser, and fan) and an indoor fan
coil unit with auxiliary heaters. The outdoor unit is mounted on a concrete pad at ground level.
Heat pumps are sized to furnish 1.5 tons of air conditioning during the summer. During the winter,
when the outdoor temperature is below 30 or 35°F, additional heat is supplied by electric heaters
located in the fan-coil units. Domestic hot water is supplied by a gas-fired hot-water heater
located in each apartment. A variation of this model, designated De, uses electric water heaters.
A schematic diagram of the system is shown in Fig. 3.58.

ORNL-DWG 76-5928

AUXILIARY
ELECTRIC HEATERS

HEAT PUMP FOR HEATING AND
COOLING EACH APARTMENT

GAS WATER HEATER IN
EACH APARTMENT

DHW= DOMESTIC HOT WATER SUPPLY

Fig. 3.58. Model D conventional heat pump heating and cooling system.

3.9.3.3 Model E

Model E is similar to Model D in that air conditioning is provided by a two-piece, or split,
system. However, in Model E, heat and domestic hot water are provided to each apartment by gas~

fired heaters located in each apartment building. The split system consists of an outdoor unit
(compressor, condenser, and fan) mounted on a concrete pad at ground level and an indoor fan-coil
unit. A schematic diagram of the system is shown in Fig. 3.59.
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Fig. 3.59. Model E conventional split-coil air conditioner with a gas-fired furnace and
water heater.

The air conditioning system is sized to provide 1.5 tons per apartment. The fan-coil units
are assumed to run continuously, and the outdoor units are thermostatically controlled and use
2.25 kW while running.

3.9.3.4 Model F

Model F is similar to Models D and E in that air conditioning is provided by a two-piece
system. However, in Model F, space heat is supplied by electric heaters located in the fan-coil
units. Domestic hot water is provided by a gas-fired heater located in each apartment. The
variation, designated Fe, uses electric water heaters. A schematic diagram of the system is
shown in Fig. 3.60.

3.9.4 Determination of consumer demands and system heat balance

The 1973 ORNL-MIUS comparative energy analysis program2 was developed for use in calcu
lating energy and fuel requirements for utility systems and development projects being studied
in the ORNL-HUD-MIUS project. The computer program uses transfer function calculations,
introduced by the ASHRAE Handbook of Fundamentals (1972), to model thermal transport between
the interior and exterior of buildings. The result is an implementation of Chap. 22 of the
ASHRAE Handbook of Fundamentals (1972),3 followed by a system calculation. Transfer function
coefficients from the tables in ref. 3, for typical constructions, described as "light" or
"heavy," etc., and a typical shading coefficient for the windows are used as input data.

The program was originally designed for use within the ORNL-HUD-MIUS project to determine
consumer energy requirements and peak and annual demands on MIUS thermal-electric subsystem
components. TheMIUS subsystem is typically simulated within the program as shown by the
schematic energy flow diagram of Fig. 3.61. Its use with MIUS is stressed because of the
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importance of accurately accounting for the coincidence of times of waste-heat use and waste-heat
availability. The program was also used, with appropriate modifications, to complete energy
analysis with conventional system models.

3.9.4.1 Consumer loads

Space heating and cooling loads

For each kind of building, the basic calculation is thermal energy balance during a given
hour. This quantity is simply the sum of the (nominal) heat losses and heat gains inside the
building, whereby conventional heat losses are positive and heat gains are negative. The value
obtained is the amount of heat that must be added (or removed) to maintain a specific comfort
level (temperature and humidity) in the building. The heat losses and gains considered are
those caused by transmission ventilation and infiltration, electrical power use, regulation of
humidity, solar radiation through glass, and latent and sensible heat of occupants. From the
heat balance, the actual thermal and electrical demands on the district system can be determined,
depending on the kinds of heating and cooling systems used. Values for longer time periods are
computed by summing the heat losses and heat gains over consecutive hours.

Electrical load

When the electrical load is supplied by a MIUS, the appropriate equipment to generate and
distribute the electricity must be determined. The electricity computation is, therefore, de
signed to (1) calculate the hourly loads in order to size the equipment, as well as determine
the available engine waste heat, and (2) calculate the annual consumption in order to determine
the overall MIUS energy balance.

Besides the basic domestic electrical demand, the load requirements of the various auxiliary
equipment items associated with the MIUS generating plant and with the consumer must be esti
mated. Auxiliary and domestic electrical loads determine the total electrical load on the
generator plant and, hence, the amount of available waste heat from the prime movers. The auxil
iary loads associated with the MIUS generator equipment building include the hot- and cold-water
pump motors and the cooling-tower fans and pump motors. The loads associated with the consumer
include fan-coil blowers, elevators, and building hot- and cold-water circulating pumps in each
building. In some instances, the elevators and corridor lighting are included in the domestic
load of high-rise apartment buildings.

Domestic hot-water load

The utility must supply domestic hot water to each building of the complex served. This
requires the installation of the appropriate heat-exchange equipment and distribution system and
the consumption of energy to heat the water. The computation is designed to (1) determine the
hourly load or demand in order to size the equipment and (2) calculate the annual energy con
sumption in order to determine the overall MIUS energy balance. The program assumes that cold
potable water is heated to the appropriate temperature and calculates the energy required from
the quantity of water used, the supply temperature, the outlet temperature, and the heat
exchanger efficiency. The program can be instructed to use an electric or gas-fired water
heater and to add the requirements to the appropriate energy supply, or to use district heating
water as the energy source and add the energy to the district heating requirement.
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Energy··balance calculation

Figure 3.61 represents the MIUS subsystem that supplies electricity, space heating and
cooling, and domestic hot water, from equipment located in the central equipment building.
Ebullient-cooled gas-engine generators are used to supply all electrical needs, which are segre
gated into three components: (1) normal domestic consumer uses such as lighting and appliances,
(2) power for auxiliary loads such as hot- and chilled-water pumps, fan-coils, cooling tower
motors, etc., and (3) electricity for the motor-driven compressive chillers.

The system shown schematically in Fig. 3.61 is simulated in the 1973 ORNL-MIUS computer
program by the subroutine FUEL. This subroutine computes the load demands, energy balance, and
fuel requirements of the system and is generally in accordance with the flowchart of Fig. 3.62.

The energy-balance calculation identifies the hourly demands for domestic hot water, elec
tricity, and space heating and cooling and satisfies them, depending on the utility system
assumed, with electricity from a local or central generator, waste heat from the engine generator,
waste heat from any other source, prime heat from an auxiliary boiler, and cooling from absorp
tion and compressive refrigeration. It calculates the equipment building loads and takes into
account the efficiencies of generation, waste-heat recovery, boilers, refrigeration, and distri
bution to determine the amount of fuels consumed in engines and boilers and the amount of heat to
be rejected by refrigeration. It then sums these hourly calculations for daily, monthly, and
annua1 totals.

3.9.5 Results of MIUS-conventional system thermal energy comparisons

3.9.5.1 Model A-Model C comparisons

Some results of analyses made with the 1973 ORNL-MIUS computer program showing the effect of
climate on the performance of Models A and C are given in this section. Tables 3.51 through 3.53
give average values of the loads and consumptions for the years calculated by the 1973 ORNL-MIUS
program, for sites having climates of Philadelphia, Dallas, Minneapolis, Miami, and San Diego.

The items in Table 3.51, which tabulate loads and usages at the garden-apartment buildings,
are defined as follows:

KWH ELEC USED - Electricity consumed (by building and total). Does not include
transmission loss.

PROCESS HEAT - Heat released into a building from process-heat sources.

TRANSMISSION - Heat gain or loss of a building by conduction through exterior
walls, windows, roofs, etc.

VENT + INFILT - Heat gain or loss of a bUilding by the entry of ventilation
or infiltration air.

ELECTRIC - Heat gain of a building because of the use of electricity in the
building.

PEOPLE - Sensible and latent heat gain from occupants.

SOLAR RADN - Heat gain from sunlight on walls and roofs and through windows.
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Table 3.51. Garden apartment building annual usages

Philadelphia Dallas Minneapolis Miami San Diego

Aa Cb A C A C A C A C

Electricity used, 106 kWh 5.772 5.772 5.772 5.772 5.772 5.772 5.772 5.772 5.772 5.772

Process heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Transmission, 10 10 Btu -1. 687 -1.687 -0.356 -0.356 -1. 784 -1.784 0.677 0.677 -0.690 -0.690

Vent. and Infi1t., 10 10 Btu -1. 704 -1.704 -0.687 -0.687 -2.464 -2.464 0.113 0.113 -0.901 -0.901

Electric, 10 10 Btu 1.598 1. 598 1.598 1.598 1.598 1.598 1.598 1.598 1.598 1.598

People, 10 10 Btu 0.365 0.365 0.365 0.365 0.365 0.365 0.365 0.365 0.365 0.365

Solar radiation, 10 10 Btu 0.892 0.892 0.977 0.977 0.936 0.936 0.922 0.922 1. 013 1.013 w,
Humidity, 10 10 Btu 0.314 0.314 0.726 0.726 0.195 1.644

......
0.195 1.644 0.162 0.162 <.n

w
Heat from HW, 10 10 Btu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Space heating req'd, 10 10 Btu 2.066 2.066 0.977 0.977 2.697 2.697 0.112 0.112 0.688 0.688

Space cooling req'd, 10 10 Btu 1.844 1.844 3.601 3.601 1. 543 1. 543 5.431 5.431 2.235 2.235

Water heating, 10 10 Btu 1.182 1.182 1. 008 1.008 1. 319 1. 319 0.908 0.908 1.045 1.045

Heating c6i1, 10 10 Btu 1. 493 1.493 0.596 0.596 2.120 2.120 0.050 0.050 0.096 0.096

Chiller coil, 10 10 Btu 1.300 1.300 2.507 2.507 1.065 1.065 3.038 3.038 1.019 1. 019

aMIUS Model A.

bConventiona1 utility Model C.



Table 3.52. Average electrical and thermal demands of apartments for years computed

Philadelphia Dallas Minneapolis Miami San Diego

Aa eb A e A e A e A e

Heating degree days 5,070 5,070 2,499 2,499 7,721 7,721 216 216 1,390 1,390

Cooling degree days 1,041 1,041 2,791 2,791 742 742 3,879 3,879 564 564

Hours over 80°F 606.2 606.2 2,071 2,071 439 439 2,275 2,275 111 111

Peak furnace demand, 107 Btu/hr 1.4125 1.4125 1.1145 1.1145 1.7072 1.7072 0.6791 0.6791 0.5754 0.5754

Peak chiller demand, 107 Btu/hr 1.2643 1.2643 1.4339 1.4339 1.2427 1.2427 1. 3740 1.3740 1.1528 1.1528

Peak generator load, 103 kW 1.6497 1.9536 1.7640 2.0991 1. 7004 2.0244 1.6996 2.0047 1.4743 1. 7653

Peak water heating demand, 3.0858 3.0858 2.6310 2.6310 3.4431 3.4431 2.3712 2.3712 2.7285 2.7285 w

106 Btu/hr
I.....
'"Peak A/e and aux elec demand, 7.5662 10.188 8.5364 11.398 6.6623 10.106 7.5443 10.989 5.8107
.,.

9·2992
1()2 kW

Peak aux boiler demand, 1.2957 1.7200 0.9786 1.3966 1.7298 2.1521 0.5146 0.8774 0.5360 0.8274
107 Btu/hr

Peak Btu to abs chiller, 0.8778 0.0 1.0208 0.0 0.9858 0.0 1.0238 0.0 0·9928 0.0
107 Btu/hr

Peak elec chiller, 102 kW 5.4028 8.7129 6.1639 9. 8824 4.500 8.5641 5.2500 9.4690 3·9375 7.9448

Peak cooling tower, 107 Btu/hr 2.4349 1. 7723 2.7608 2.0102 2.5198 1.7421 2·7310 1.9261 2.3821 1.6161

Peak hot water plus space 1. 5637 1. 5637 1.2696 1.2696 1.9564 1. 9564 0.7977 0.7977 0.7521 0.7521
heating, 107 Btu/hr

~IUS Model A.

bConventional utility Model C.



Table 3.53. Thermal energy heat balance without waste incineration

Philadelphia Dallas Minneapolis Miami San Diego

Ab eC A e A e A e A e

Total heat used, 1010 Btu 4.167 2.943 3.827 1.764 4.816 3.782 3·500 1.054 2.290 1.255

Heat available, 1010 Btu 4.381 0.0 4.740 0.0 4.336 0.0 4.935 0.0 4.134 0.0

Aux boiler makeup heat, 1010 Btu 0.7538 2.943 2.311 1.764 1.350 3.782 0.010 1.054 0.022 1.255

Abs Ale cooling, 1010 Btu 0.7715 0.0 1.299 0.0 0.6511 0.0 1.541 0.0 0.652 0.0

Heat unused, 1010 Btu 0.9669 0.0 1.145 0.0 0.8702 0.0 1.445 0.0 1.866 0.0

Cooling tower load, 1010 Btu 2.789 1.823 5.141 3.514 2.309 1.493 6.189 4.260 2.244 1.428

Incinerator heat available, Btu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Elec A/c cooling, 1010 Btu 0.5936 1.365 1.333 2.632 0.4675 1.119 1.649 3.190 0.4177 1.070
w

Total generator load, 106 kWhr 7.195 7.375 7.825 8.306 7.122 7.253 8.173 8.716 6.745 7.146 I
I-'
Ln

Incinerator fuel, ft 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Ln

Aux boiler fuel req I d, lOS ft3 0.1047 0.4087 0.032 0.245 0.187 0.525 0.001 0.1464 0.003 0.196

Elec-gen. fuel req'd, lOS ft3 0.948 0.8658d 1.022 0.975
d 0.939 0.85l5d 1.061 1.0232

d
0.8993 0.839

d

Fuel consumption, lcf ft3 1.053 1.2745 1.054 1.220 1.126 1.3765 1.062 1.1696 0.9023 1.035

Incinerator heat unused, Btu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

aAnnual basis.

bMIUS Model A.

cConventional utility Model C.

~ased on equal mix of 38% efficiency fossil-steam plants and 31% efficiency light-water nuclear plants and
95% efficiency transmission. (A 5% distribution loss between domestic electric load at the apartments and the
electric power substation has already been accounted for in arriving at the total generator load, i.e., the load
at the substation.) Equivalent gas at 900 Btu/ft3 •
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HUMIDITY - Heat of vaporization of water added or removed to maintain 50% humidity.
Water must be added because of ventilation and removed because of ventilation
and people.

HEAT FROM HW - Heat released into the building by the use of domestic hot water.

SPACE HTG REQD - Algebraic sum of PROCESS HEAT through HEAT FROM HW, listed above,
excluding HUMIDITY.

SPACE COOL REQD - Algebraic sum of PROCESS HEAT through HEAT FROM HW, including HUMIDITY.

WATER HTG - Heat required (by building and total) to supply domestic hot water. Trans
mission losses are not included.

HEATING COIL BTU - Heat that must be furnished by the district heating system to satisfy
the SPACE HTG REQD. The temperature-dependent heat gains and losses are
calculated to a fixed inside temperature. When a band of inside temper
ature, such as 72 to 75°F, is permitted, those gains and losses must be
adjusted accordingly and, in addition, the heat capacity of the struc
ture must be taken into account. Therefore, HEATING COIL BTU will not
be identical to SPACE HTG REQD.

CHILLER COIL BTU - Cooling that must be furnished by the district cooling system to satisfy
the SPACE COOL REQD. It differs from SPACE COOL REQD for the same reasons
given under HEATING COIL BTU.

The items in Table 3.52, which give the electrical and thermal demands of the apartments
averaged over all the years computed, are explained as follows:

HEATING DEGREE DAYS - As defined by ASHRAE.

COOLING DEGREE DAYS - As defined by ASHRAE.

OVER 80 DEGREE HOURS - Total hours the temperature exceeded 80°F.

PEAK FURNACE DEMAND - Maximum l-hr period of HEATING COIL BTU for each building. The
total is not the sum of the building listings, since the maximums
are not coincidental, but is the maximum total.

PEAK CHILLER DEMAND - Maximum l-hr period of CHILLER COIL BTU for each building. The
total is not the sum of the building listings, since the maximums
are not coincidental, but is the maximum total.

PEAK GENERATOR LOAD - Peak hourly demand on the engine generator.

PEAK HW DEMAND - Maximum heat required per hour to supply the domestic hot water.
The total may not equal the sum of the buildings.

PEAK AIC AND AUX ELEC - Peak electrical demand of the equipment in the utilities building.

PEAK AUX BOILER BTU - Peak hourly demand on the auxiliary boiler, for that year.

PEAK ABS CHILLER BTU - Peak input heat to the absorption chiller, for that year.

PEAK ELECTRIC CHILLER - Peak kW input to the electric chiller averaged over all years.

PEAK COOLING TOWER - Peak heat rejection to the cooling tower from both chillers.

PEAK HW AND SP. HEATING - Sum of the peak loads during the maximum l-hr period of the
hot water and space heating demands.
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The items in Table 3.53, which give the thermal energy heat balance at the central equip
ment building, are explained as follows:

TOTAL HEAT USED (BTU) - Total heat used as thermal energy in FURNACE, WATER HTG, and
absorption air conditioning.

HEAT AVAILABLE - Sum of the waste heat recovered from the engines and incinerator,
including the gas required for auxiliary firing of the incinerator.

AUX BOILER MAKEUP HEAT - Heat from the direct firing of the auxiliary boiler that must
be added to HEAT AVAILABLE to satisfy TOTAL HEAT USED. The sum
of AUX BOILER MAKEUP HEAT and HEAT AVAILABLE exceeds TOTAL HEAT
USED because, during some hours, the waste heat exceeds the
required heat and must be discarded.

ABSORP AIC COOLING - British-thermal-unit cooling effect by the absorption chillers.
The heat input to the absorption chiller is the product of the
cooling and 1.5.

HEAT UNUSED - Amount of waste heat recovered from the engines and incinerator, for which
there is no use at the time it is available.

COOLING TOWER LOAD - Heat rejected from the chillers that must be dissipated by the
cooling towers or pond.

INCINERATOR HEAT AVAIL - Heat recovered by burning the solid waste and the gas used
for auxiliary firing.

ELEC AIC COOLING - British-thermal-unit cooling effect accomplished by the motor
compressor chillers. The hourly calculation of motor compressor
load is an iterative calculation that takes into account the
additional waste heat available to the absorption chiller resulting
from the additional generator load imposed by the motor compressor.

TOTAL GENERATOR LOAD - Sum of the building consumption, distribution losses, motor
compressor consumption, and utility building auxiliaries
consumption.

INCINERATOR FUEL - Fuel used for auxiliary firing of the incinerator.

AUX BOILER FUEL REQT - Fuel consumed to provide AUX BOILER MAKEUP HEAT.

ENG-GEN FUEL REQT - Fuel consumed to satisfy TOTAL GENERATOR LOAD.

FUEL CONSUMPTION - Total fuel used by the utility system.

These results for Models A and C indicate a fuel-energy savings from the use of MIUS, as
indicated in Table 3.54.

As would be expected, greater fuel savings are realized in tne coldest climate; but fuel
consumption is also reduced in cities with high air conditioning demands (Dallas and Miami) and
with year-round mild climates (San Diego).
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Table 3.54. Energy savings of
Model A vs Model C

City

Minneapolis
Philadelphia
Dallas
San Diego
Miami

3.9.5.2 Models D, E, and F fuel reguirements

Energy savings
(%)

18.2
17.4
13.6
12.8
9.2

Tables 3.55 through 3.57 present the results of the 1973 ORNL-MIUS program analyses for the
conventional utility systems - Models D, E, F, and variations of Models D and F in which it was
assumed that domestic water was heated electrically. In these systems, electrical power is pur
chased from a conventional electric utility to operate individual energy-consuming devices such
as heat pumps, resistance space heaters, electric hot-water heaters, etc., in each apartment
unit. Fuel requirement is expressed in Btu per year.

Table 3.55 presents performance data for the Model D conventional system described in
Sect. 3.9.3. Individual air-to-air heat pumps of nominal 1-1/2-ton capacity are installed in
each apartment unit for space heating and cooling during the appropriate seasons. Domestic hot
water is supplied by a gas-fired water heater in each apartment (a variation using electric
water heaters was also calculated). This system was calculated for Philadelphia, Dallas,
Minneapolis, Miami, and San Diego to determine the effect of climatic conditions on fuel con
sumption. Generally, fuel consumption is less when gas-fired hot-water heaters are used than
when the electric type is used. The differences in fuel consumption are greater in the colder
climates.

Table 3.56 presents the results of the computer analyses for the Model E conventional sys
tem. Model E is similar to Model D in that space cooling is provided by a two-piece, or split,
system. However, in Model E, space heating and domestic hot water are provided by gas-fired
heaters located in each apartment. A comparison with the Model C fuel requirements indicates
that, for all climatic conditions analyzed, the total fuel consumed at the electric utility gen
erating plant is less for the Model C system when the space heating and domestic hot water are
supplied by a district hot-water system than when supplied by individual gas heaters in each
apartment.

If the space heating is supplied entirely by electric-resistance heaters located in the
fan-coil units in each apartment (Model F), the results of the calculations presented in
Table 3.57 show, as expected, that Model F total fuel consumption is greater than the total fuel
consumption for each of the Models A, C, D, and E. The results of these studies for the Phila
delphia area are summarized and compared with Models A and C in Table 3.58.



Table 3.55. Model D fuel requirements

Philadelphia Dallas Minneapolis Miami San Diego

Type of domestic water heating

Gas Electric Gas Electric Gas Electric

106kWhr 4.914 4.914 4.914 4.914 4.914 4.914
106kWhr 0.000 4.848 0.000 4.135 0.000 5.410
106kWhr 1. 706 1.706 3.290 3.290 1.398 1.398
106kWhr 2.408 2.408 0.961 0.961 3.419 3.419
106kWhr 0.993 0.993 0.993 0.993 0.993 0.993

106kWhr 10.021 14.869 10.158 14.293 10.724 160134

720 APARTMENT COMPLEX ENERGY REQUIREMENTS

Hot water heating 1010Btu
Chiller coil 1010Btu
Heating coil 1010Btu

26.7 27.6

Gas Electric Gas Electric

4.914 4.914 4.914 4.914
0.000 3.724 0.000 4.286
3.987 3.987 1.337 1.337
0.081 0.081 0.162 0.162
0.993 0.993 0.993 0.993

9.975 13.699 7.406 1l.692

w
14.5 7.82 12.4

I
10.5 I-'

1.4 0 1.6 0 V>
'0

11.9 14.5 9.43 12 0.4
21.3 31.0

0.908 1.045
3.038 1.019
0.050 0.100

17.0
o

17.0

1.319
1.065
2.120

11.3
2.0

13.3

15.1
o

15.1

1.008
2.507
0.596

22 0 9

10.7
1.5

12.2

15.7
o

15.7

1.182
1.300
1.493

10.6
1.8

12.4

1010Btu
1010Btu
1010Btu
1010Btu

YEARLY ELECTRICITY USAGE
(Includes 5% distribution loss)

YEARLY FUEL REQUIREMENTS

Conventional electric utilityd
Domestic hot water (gas)e
Fuel consumption
Percent Difference

Domestic electricity
Domestic hot water (electric)a
Heat pump unit (cooling)
Heat pump unit (heating)C
Auxiliary (fan coils)

Total

aBased on water heater efficiency of 75%.

bBased on 1.5 kW/ton.
cBased on average COP = 2.12 and 90% motor efficiency.
dBased on equal mix of 38% efficiency fossil-steam plants and 31% efficiency light-water nuclear plants and 95% efficiency transmission. (A 5% distribu
tion loss between domestic electric load at the apartments and the electric power substation has already been accounted for in deriving the total
generator load, i.e., the load at the SUbstation.)
eBased on 65% efficiency for gas heaters and 900 Btu/ft 3 •



Table 3.56. Model E fuel requirements

Philadelphia Dallas Minneapolis Miami San Diego
YEARLY ELECTRICITY USAGE

(Includes 5% distribution loss)

Domestic electricity usage 105kWhr 4.914 4.914 4.914 4.914 4.914
Outdoor unit (cooling)a 105kWhr 1.706 3.290 1.398 3.987 1.337
Fan coil 10 5kWhr 0.993 0.993 0.993 0.993 0.993

Total electrical usage 105kWhr 7.613 9.197 7.305 9.894 7.244

YEARLY FUEL REQUIREMENTS

Electric utilityb 10lOBtu 8.0 9.7 7.7 10.4 7.7
Space heating 10lOBtu 2.3 0.9 3.3 0.1 0.2
Hot waterC 1OIO Btu 1.8 1.5 2.0 1.4 1.6 w

I

10lOBtu
I-'

Total fuel consumed 12.1 12.1 13.0 11.9 9.5 a-
D

720-APARTMENT COMPLEX ENERGY REQUIREMENTS

Hot water heating 1O IO Btu 1.182 1.008 1.319 0.908 1.045
Chiller coil 10l OBtu 1.300 2.507 1.065 3.038 1.019
Heating coil 10l OBtu 1.493 0.596 2.120 0.050 0.100

aBased on 1.5 kW ton-I

bBased on equal mix of 38% efficiency fossil--steam plants and 31% efficiency light-water nuclear plants and 95%
efficiency transmission. (A 5% distribution loss between domestic electric load at t.he apartments and. the
electric power substation has already been accounted for in deriving the total generator load, Le., the load
at the substation.:

cBased on 65% efficiency for gas heaters and 900 Btu ft-- 3 •



Table 3.57. Model F fuel requirements

Gas Electric
YEARLY ELECTRICITY USAGE

(Includes 5% distribution loss)

Domestic electricity 106kWhr 4.914 4.914
Domestic hot waterb1electric)a 106kWhr 0.000 4.848
A/C unit (cooling) 106kWhr 1, 706 1, 706
Space heater (electric) 106kWhr 4.594 4.594
Auxiliary (fan coils) 106kWhr 0.993 0.993

Total usage 106kWhr 12.207 17 .055

YEARLY FUEL REQUIREMENTS

Conventional electric utblityC 1010Btu 12.9 18.0
Domestic hot water (gas) 1010Btu 1,8 0
Total fuel consumption lOlOBtu 14.7 18.0
Percent difference 1010Btu 22.4

720 APARTMENT COMPLEX ENERGY REQUIREMENTS

Hot water heating
Chiller coil
Heating coil

1010Btu
1010Btu
1010Btu

1.182
1.300
1.493

Minneapolis Miami

Type of domestic water heating

Gas Electric Gas Electric Gas Electric

4.914 4.914 4.914 4.914 4.914 4.914
0.000 4.135 0.000 5.410 0.000 3.724
3.290 3.290 1, 398 1,398 3.987 3.987
1.834 1.834 6.523 6.523 0.154 0.154
0.993 0.993 0.993 0.993 0.993 0.993

11.031 15.166 13.828 19.238 10.048 13.772

11.7 16.0 14.6 20.3 10.6 14.6
1.5 0 2.0 0 1.4 0

13.2 16.0 16.6 20.3 12.0 14.6
21.3 22.4 21.1

1.008 1.319 0.908
2.507 1.065 3.038
0.596 2.120 0.050

Gas Electric

4.914 4.914
0.000 4.286
1.337 1,337
0.308 0.308
0.993 0.993

7.552 11.838

8.0 12.5
1.6 0
9.6 12.5

30.4

1.045
1.019
0.100

W
I

I-'

'"I-'

aBased on water heater efficiency of 75%.

bBased on 1.5 kW/ton.

cBased on equal mix of 38% efficiency fossil-steam plants and 31% efficiency light-water nuclear plants and 95% efficiency transmission. (A 5% distri
bution loss between domestic electric load at the apartments and the electric power substation has already been accounted for in deriving the total
generator load, i.e., the load at the substation.)

dBased on 65% efficiency for gas heaters and 900 Btu ft-3.
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Table 3.58. Annual fuel consumption for all
models with Philadelphia weather (10 10 Btu)

Gas
water heater

Model A 9.5

Model C 1l.5

Model D 12.4

Model E 12.1

Model F 14.7

Electric
w;lter heater

15.7

18.0



3-163

3.9.5.3 Effect of solid waste incineration with heat recovery on fuel
consumption in a MIUS

For large apartment complexes, shopping centers, office buildings, and schools where
types of solid waste with high heating values are encountered, it may be possible to convert
the problem of disposal to a profitable situation by adding a heat-recovery incinerator to the
MIUS. The incentives to incinerate solid wastes are (1) to provide a sanitary disposal method
that will conform to clean-air standards established by the EPA, (2) to reduce the quantities
of waste ultimately requiring disposal, and (3) to recover a portion of the heat energy from
the waste.

Each proposed installation should be treated individually, and surveys should be made
for each specific case to ascertain the types, amounts and heating values of the waste material
involved. The types, quantities, heating values, and auxiliary fuel requirements for waste
materials from various types of consumers likely to be served by MIUS were discussed in
Sect. 3.7.

Data presented in ref. 4 indicate that the economics of employing incineration with heat
recovery in a MIUS might be acceptable. However, as pointed out, very little equipment develop
ment work has been done on systems in the size range suitable for MIUS. Additional equipment
cost data and analyses of specific housing complexes are required to obtain definitive eco
nomic evaluations. Solid waste incinerated within the MIUS would reduce the amount of material
requiring ultimate disposal; hence, some fuel savings in transportation could result because of
reduced hauling and landfilling.

Additional analyses of Model A and Model C for five climates were made using the 1973
ORNL-MIUS hourly computer program. Table 3.59 gives the results of these analyses.

The comparisons in Table 3.59 assume that solid waste is available at 4 lb/day per person
from a 720-unit apartment complex having an average occupancy of 3.4 persons per apartment.
The refuse is assumed to have a heat content of 5500 Btu/lb and is burned at a rate of about
2000 lb/hr. It was assumed that auxiliary fuel required for complete combustion amounted to
20% of the heat content of the waste material, and 60% of the exhaust heat could be recovered
at a useful temperature level. Ideally, the waste should be incinerated when the heat evolved
is required; however, consideration of the limitations of employee work schedules and waste
storage facilities resulted in the assumption of the following schedule:

Heating season - 1:00 AM to 8:00 AM, 5 days per week
Cooling season - 9:00 AM to 4:00 PM, 5 days per week

A comparison of fuel consumptions in areas having widely varying climatic conditions, with
and without waste incineration, is given in Table 3.60. In the areas having the coldest
climates, the total fuel consumption is reduced by recovering and beneficially using the heat
from waste incineration. In the warmer climates, however, more fuel is consumed with incin
eration.

3.9.5.4 Performance of the Model A total-energy system with diesel
engine prime movers

The analysis of Model A presented in Sect. 3.9.5.1 assumed that electricity to the consumers
would be provided by five 500-kW ebullient-cooled reciprocating gas-engine generators. In
Philadelphia, 22% of the recoverable waste heat from gas engines (Model A, Table 3.53) could
not be used at the time it was available. It was speculated that use of lower-speed diesel



Table 3.59. Thermal energy balance with waste incinerationa

Philadelphia Dallas Minneapolis Miami San Diego

Ab CC Ab CC A
b CC A b cc Ab C

C

Total heat used, 10 10Btu 4.446 2.943 4.262 1. 764 5.049 3.782 4.009 1.054 2.562 1.255

Heat available, 1010 Btu 5.739 1. !~23 6.061 1.422 5.706 1.422 6.241 1.423 5. !~96 1.422

Aux boiler makeup heat, 10 10Btu 0.526 2.369 0.142 1. 379 1.024 3.123 0.005 0.843 0.013 0.999

Abs A/C cooling, 1010 Btu 0.947 0.0 1.574 0.0 0.798 0.0 1.862 0.0 0.824 0.0

Heat unused, 1010 Btu 1.820 0.850 1.941 1.037 1.682 0.762 2.237 1.212 2.947 1.166

Cooling tower load, 1010 Btu 3.000 1.823 5.484 3.514 2.492 1.493 6.591 4.260 2.459 1.428

Incinerator heat available, 1010 Btu 1.423 1.423 1.422 1.422 1.422 1.422 1. 423 1. 423 1.422 1.422

Incinerator heat unused, 1010Btu 0.853 0.850 0.796 1.037 0.8ll 0.762 0.792 1.212 1.081 1.166

Elec A/c cooling, 1010 Btu o .la8 1.365 1.058 2.632 0.321 1.119 1.329 3.190 0.246 1.°TO w
I

Total generator load, 106kWhr 7.085 7.650 8.306 8.716 6.637 7.146
I-'

7.375 7.030 7.253 7.973 0-
+>-

Incinerator fuel, 108ft 3 0.044 0.oiJ4 0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044

Aux boiler fuel req'd, 108ft3 0.073 0.329 0.019 0.192 0.142 0.434 NEG. 0.117 0.002 0.156

Elec -gen. fuel req I d, lef' ft3 0.935 0.866d 1.001 0.975d 0.928 0.851d 1.037 1.023d 0.887 o .839 d

Fuel consumption, 108ft3 1.052 1.239 1.064 1.211 1.1l4 1.329 1.081 1.184 0.933 1.039

Differential fuel consump., 10 8ft 3 -0.187 -0.147 -0.215 -0.103 -0.106

Fuel savings, percent 15.1 12.1 16.2 8.7 10.2

aAnnual basis.

bMIUS Model A.

cConventional utilities Model C.

~a.sed on equal mix of 38% efficiency fossil-steam plants and 31% efficiency light-water nuclear plants and
95% efficiency transmission. (A 5% distribution loss between domestic electric load at the apartments and the
electric power substation has already been accounted for in arriving at the total generator load, Le., the load
at the SUbstation.) Equivalent gas at 900 Btu/ft3 •
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Table 3.60. Comparison of fuel consumptions with
and without heat-recovery waste incineration

Fuel consumption, 108 ft 3

Model A Model C
Area

Noa Yesb Noa Yesb

Minneapolis 1.126 1.114 1. 376 1.329
Philadelphia 1.053 1.052 1.274 1.239
Dallas 1.054 1.064 1.220 1.211
San Diego 0.902 0.933 1.035 1.039
Miami 1.062 1.081 1.170 1.184

aWithout heat-recovery incinerator.
bw. h h . .It eat-recovery lnClnerator.

engines, which generally have higher generating efficiency and less waste heat, might improve
the overall thermal efficiency of the system. Table 3.61 presents the results of a similar
analysis for this system (in the Philadelphia area only) in which it is assumed that the
electricity will be provided by 500-kW ebullient-cooled diesel-engine generators. The table
compares fuel-consumption data when no heat is recovered from incineration of solid wastes with
the total fuel consumption required when the heat of incineration is recovered and used.

Table 3.61. Model A fuel consumption with diesel-engine
prime movers in the Philadelphia area

Total heat used, 10 10 Btu
Heat available, 10 10 Btu
Auxiliary boiler makeup heat, 10 10 Btu
Absorption air conditioning cooling, 109 Btu
Heat unused, 10 10 Btu
Cooling tower load, 1010 Btu
Incinerator heat available, 10 10 Btu
Electric air conditioning cooling, 109 Btu
Total generator load, 106 kWhr
Incinerator fuel, 104 gal
Auxiliary boiler fuel requirement, 104 gal
Engine-generator fuel requirement, 105 gal
Fuel consumption, 105 gal
Incinerator heat unused, 109 Btu

Without
incineration

3.882
3.310
1.092
5.917
5.20
2.564
0.0
7.734
7.308
0.0
9.749
5.521
6.496
0.0

With
incineration

4.234
4.670
0.831
8.138
1.267
2.842
1.423
5.514
7.168
2.824
7.421
5.420
6.444
7.417

In spite of the relatively large amount of heat available from the incinerator
(1.423 x 10 10 Btu/year), the total fuel required (6.444 x 10 5 gal/year) with incineration of
wastes is essentially the same as without incineration (6.496 x 10 5 gal/year). Of the
1.423 x 10 10 Btu/year of incinerator heat energy available (which includes the heat from com~

bustion of 2.824 x 104 gal/year of oil to ensure complete incineration), about 53% (7.471 x 109

Btu/year) is unused presumably because of mismatch between the assumed schedule for burning
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the wastes and the times when the heat is actually required. Fuel consumption might be con
siderably improved if the schedule for waste burning could correspond more closely with the times
when the heat is actually needed and if less supplemental fuel is needed.

The 1971 Total Energy Directory and Data Book5 lists about 500 total-energy installations
in the United States, using over 1400 prime movers. The percentages of different types of prime
movers installed in these systems are as follows: 70% gas engines, 15% gas turbines, 7% diesel
engines, 7% dual-fuel engines, and 1.5% steam turbines. The reason for the relatively small per
centage of diesel engines installed in total-energy plants is the higher cost of fuel oil com
pared with gas (see Fig. 4.9). Also, diesel-engine installations require onsite fuel-storage
facilities, which add appreciably to the capital cost of the project. Table 3.62 compares the
relative fuel consumption for the Model A system using gas-engine prime movers with that for the
system using diesel-engine prime movers. The total fuel energy required with diesel engines was
about 4% less than that required with gas engines, but higher costs of diesel fuel and fuel
storage could offset any savings from reduced energy consumption.

Table 3.62. Comparison of annual fuel consumption (for
Model A) of gas vs diesel engines in

a Philadelphia climatea

aWithout incinerator.

b900 Btu/ft3 .

c140 ,OOO Btu/gal.

3.9.5.5 Effect of.residential indoor dry-bulb temperature on fuel consumption
in a MIUS

The ASHRAE Handbook of Fundamentals (1972) recommends 75°F as the residential indoor
design dry-bulb temperature for both winter and summer. 3 In compliance with recent national
energy policy, the effect of specifying 68°F as the indoor design temperature for the heating
season and raising it to 78°F during the cooling season has been investigated. Theoret-
ically, the amount of heat transmitted through the walls and roof of a residential unit is
proportional to the difference between the indoor and outdoor dry-bulb temperatures. Therefore,
the energy requirements for space heating and/or space cooling should decrease as the temper
ature difference is decreased, resulting in lower total fuel consumption for the MIUS.

Table 3.63 compares the results of a computer analysis for the Model A and Model C systems
in the climate of Philadelphia using 68°F as the winter and 78°F as the summer indoor design
temperatures with results of the basic Models A and C system analyses in which 72°F minimum
and 75°F maximum indoor design temperatures were specified for all seasons.
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Table 3.63. Effect of residential indoor dry-bulb
temperature on fuel consumption (in the Model A)

MIUS in'a Philadelphia climate

Temperature band
72 - 75°p 68 - 78°F

Ab CC A C

4.167 2.943 2.764 2.064

4.381 0.0 4.211 0.0

0.754 2.943 0.274 2.064

0.772 0.0 0.441 0.0

0.967 0.0 1. 721 0.0

2.789 1.823 1.470 0.918

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.594 1.365 0.247 0.688

7.195 7.375 6.894 6.804

0.0 0.0 0.0 0.0

0.105 0.409 0.038 0.287

0.948 0.866 0.914 0.799

1.053 1.275 0.952 1.086

0.101 0.189

9.6 17.4
17.4 12.3

incinerator.

Heat balance
a

aAnnual basis without heat recovery
b

MIUS Model A.

cConventional utilities Model C.

Total heat used, 1010 Btu

Heat available, 1010 Btu

Aux boiler makeup heat, 1010 Btu

Abs A/c cooling, 1010 Btu

Heat unused, 1010 Btu

Cooling tower load, 1010 Btu

Incinerator heat available, Btu

Incinerator heat unused, Btu

Elec A/c cooling, 1010 Btu

Total generator load, 106 kWhr

Incinerator fuel, ft 3

Aux boiler fuel req'd, 106 ft 3

Eng-gen fuel req'd, 106 ft 3

Fuel consumption, 106 ft 3

Differential fuel consumption, 106 ft 3

Fuel savings, %
Fuel savings, Model A to C, %

The calculated space heating and cooling requirements are a sum of the direct gains and
losses at a fixed indoor temperature and at the outdoor temperature during each hour. These re
quirements are then adjusted by the variation, or band spread, if any, permitted in the indoor
temperature and by the amount of heat storage, or thermal lag, in the structure to give the
amount of heating and cooling to be supplied from the furnace and chiller.

During the extremes of hot or cold weather, the thermal lag has relatively little effect on
the furnace and chiller demands and consumptions. A variation in indoor temperature directly
affects the transmission and ventilation loads through its effect on 6T. However, during the
intermediate seasons of spring and fall, when the outdoor temperature can swing across the
break-even temperature (defined as the outdoor temperature at which heat losses from the con
ditioned spaces exactly equals the internal heat generation), the thermal lag has a noticeable
effect. Any permitted indoor temperature variation will alter the outdoor break-even temper
ature band by a like amount and will, in addition, alter the thermal history of the structure,
which will be reflected again in the thermal-lag calculation. Therefore, significant savings
would be expected in the energy requirements of the furnace and chillers if some indoor
temperature variation is permitted.

The effect of specifying indoor design temperatures of 68 to 78°F instead of 72 to 75°F

results in annual fuel savings of 1.01 x 10
5

ft 3 for the Model A system compared with
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1.89 X 105 ft 3 for the conventional (Model C) system, or 9.6 and 17.4% fuel savings
respectively. The peak-demand loads on the prime movers, auxiliary boiler, and space-cooling
(air conditioning) equipment would also be decreased, as shown in Table 3.64, resulting in

lower capital costs for equipment.

Table 3.64. Peak demand comparisons between Models A and C
for two band spreads in indoor design temperature

Temperature band

Demand 72 - 75°F 68 - 78°F

Aa Cb A C

Heating degree days 5,070 5,070 5,070 5,070

Cooling degree days 1,041 1. 041 1.041 1. 041

Hours over 80°F 606 606 606 606

Peak furnace demand, 107 Btu/hr 1.4125 1.4121 1. 0967 1. 0967

Peak chiller demand, 107 Btu/hr 1. 2643 1. 2643 1.1008 1.1008

Peak generator load, 103 kW 1. 6497 1.9536 1. 5607 1. 8998

Peak water heating demand, 3.0858 3.0858 3.0858 3.0858
106 Btu/hr

Peak A/C and aux e1ec demand, 7.5662 10.188 5.8238 9.4252
102 kW

Peak aux boiler demand, 1.2957 1. 7200 0.9625 1. 3984
107 Btu/hr

Peak Btu to abs chiller, 0.8778 0.0 0.9224 0.0
107 Btu/hr

Peak e1ec chiller, 102 kW 5.4028 8.7129 3.9178 7.5863

Peak cooling tower, 107 Btu/hr 2.4349 1. 7723 2.2589 1. 5432

Peak hot water plus space 1.5637 1. 5637 1.2713 1.2713
heating, 107 Btu/hr

~IUS.

bConventiona1 utilities.

3.9.5.6 Effect of waste-heat storage on fuel consumption in a MIUS

Some results of a parametric system analysis of the hypothetical MIUS to determine the
effect of thermal energy storage on fuel consumption, with various options of incineration of
solid wastes, are presented. The system represented in Fig. 3.61 was analyzed with the
1973 ORNL-MIUS computer program for each of three options: (1) without incineration of solid
wastes, (2) incineration using 20% supplemental fuel, and (3) incineration with no supple
mental fuel.

In computing the system heat balance, the program calculates the total heat required by the
district domestic hot-water equipment, the space-heating system equipment, and the absorption
space-cooling system equipment. The sum of the waste heat available from the prime movers and
incinerator, including the gas required for auxiliary firing of the incinerator, is determined,
and if this sum exceeds the above heat requirements, the difference is calculated and stored.
When the system demands thermal energy for domestic hot water, space heating, or the absorption
chillers, the heat immediately available from the prime movers is first used; then, if more heat
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for hot water or the chillers is required, the computer will utilize an amount available from
storage until the specified capacity is used. Thereafter, the deficit in hot-water requirements
(for domestic hot water and space heating) must be met by firing the auxiliary boiler, or, it
additional space cooling is required beyond that which can be provided by available and stored
heat to the absorption chillers, the deficit must be met by the electric-motor-driven com
pressive chillers.

The thermal energy storage (TES) unit proposed for use in the MIUS uses the sensible-heat
storage capability of water contained in a vertical cylindrical steel vessel. Water was chosen
for the TES material because it is plentiful and cheap and is considered the most likely thermal
energy conveyance media between a MIUS district heating and cooling plant and the point of use;
hence, no intermediate heat exchanger would be required.

A proposed TES facility is shown schematically in Fig. 3.63 as it would be installed in the
district hot-water distribution subsystem. Hot and chilled water are distributed from the
central equipment building of the MIUS through an underground four-pipe distribution system to
individual fan-coil units in each of the 720 garden apartments of the consumer model. District
hot water in this model is provided at 200°F and returns at about 160°F for reheating. A part
of the hot water is used in each apartment building to generate domestic hot water at a temper
ature of 150°F. The chilled water is distributed at 43°F and is returned at about 58°F.

ORNL-DWG 76-2292

INSULATION
HWS

N===N HW/HWR INTERFACE

HWR

TES UNIT

T
THERMAL- ELECTRIC

SUBSYSTEM EQUI PMENT

PUMPS
HOT WATER SUPPLY (200°F)

CONSUMER

HOT WATER RETURN (160°F)

Fig. 3.63. Schematic of thermal-energy-storage (TES) facility in the MIUS.
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In the winter, spring, and fall, excess thermal energy would be stored in the vessel in the
form of hot water, at 200°F, to be used as required for space heating and domestic hot water.
This water could also be used to generate chilled water in a water-fired absorption-chiller

6
unit. Water-fired absorption-chiller units in the 100-ton capacity range are manufactured by
ARKLA Industries Inc.

7
These units appear to be physically of about the same dimensions as

steam-fired units of the same capacity. However, although capable of operating at water inlet
temperatures from 200 to 245°F, the units are actually rated at an operating inlet temperature
of 220°F, and at 200°F the capacity of the unit would be reduced to about 80% of rated capacity.

In the summer, the TES unit could be used to store chilled water, at about 43°F, which
would be produced by the motor-compressor units and the absorption chillers during off-peak
hours. The chilled water could then be used to alleviate the peak loads on the engine generator
during subsequent peak air conditioning periods. However, the amount of thermal energy stored
as chilled water in a given size vessel would be reduced because of the lowered temperature
swing through which the "coldness" energy could be stored.

The total amount of thermal energy that can be stored in the water in the TES unit depends
on the dimensions of the storage vessel and the temperature differential through which the
water is heated or cooled. For the hypothetical MIUS, the temperature differential will be the
difference between the supply temperature (200°F) of hot water to the consumer and its return
temperature (160°F).

The calculated vessel capacity (in gallons) to store a given amount of thermal energy in
water through various temperature differentials is shown in Fig. 3.64.
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Water can be stored in vessels of a variety of materials including steel, wood, fiberglass,
or a composite concrete-plastic construction as considered for the Annual Cycle Energy System
(ACES) ice-storage bins. s According to ref. 8, the costs of ACES-type storage tanks should
range between 60 and 90¢/ft 3 of capacity. This cost is considerably lower than the cost of the
large steel storage tanks considered for MIUS application. 9 However, an ACES-type ice-storage
bin may not be permissible for the MIUS-TES unit, which would primarily be used for the stor
age of hot water at 200°F. According to the ASHRAE Guide and Data Book, Systems Volume,lO
some local codes require that water-heating equipment shall comply with the ASME Low Pressure
Heating Boiler Code (Sect. IV) if any of the equipment meets any of the following conditions:

1. operating with storage temperatures above 200°F,
2. water-containing capacity in excess of 120 gal,
3. heat input of 200,000 Btu or more.
A recently completed balance for the Model A system in Philadelphia 11 showed, as might be

expected, that less auxiliary boiler makeup heat is required for domestic hot-water and space
heating purposes as more heat becomes available from storage. Also, since more heat is avail
able, the amount of space cooling that can be provided by the absorption chillers is increased,
thereby resulting in less demand on the electric-motor-driven compressor units. As demand on
the motor-driven compressor units is decreased, the load on the prime movers (engine generators)
will also decrease. The net result of the decrease in engine-generator load and auxiliary
boiler makeup requirement is a decrease in total yearly fuel consumption with a corresponding
increase in fuel savings as the TES capacity is increased. The effect of waste-heat storage on
fuel consumption in a MIUS when heat from incineration of solid wastes is used is compared to
the effect without incineration in Fig. 3.65.

The thermal-energy balances, with incineration, presented in Table 3.59, show that if heat
energy is recovered and used without thermal storage, the amount of unused heat could be about
30% of the total heat available, depending on the amount of supplemental fuel required for
complete combustion.

If TES capacity is integrated with the thermal-electric sUbsystem of the representative
MIUS, a significant savings in heat energy can result. When also using the heat available from
the incineration of solid wastes, up to 5%/year of fuel could be conserved by use of a TES
unit of 4 x 107 Btu capacity. As shown in Fig. 3.64, a 125,000-gal water-storage vessel can be
used for the storage of 4 x 10 7 Btu of heat energy from an initial water temperature of 160°F
to a storage temperature of 200°F. However, the break-even cost of the fuel (natural gas), at
which the value of the fuel saved equals the estimated yearly owning costs of the TES facility,
was shown in ref. 11 to be about $2.25/1000 ft 3 to economically justify the installation.

The results presented in ref. 11 were based on analyses of a single set of consumer and
MIUS thermal-electric subsystem models. There are many feasible MIUS configurations, and an
optimum design should be based on specific consumer and site conditions for any intended
application. The analyses in ref. 11 illustrate that potential fuel savings from the use of
thermal storage and/or incineration with heat recovery are significant, but the economic
justification for the use of either is quite sensitive to fuel cost.
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Fig. 3.65. Effect of thermal energy storage on fuel savings in the representative
MIUS.

3.9.5.7 Reduced domestic electrical load

Total fuel consumptions of a MIUS (Model A) at 85% of the reference domestic electrical
load of 6500 kWhr in the climates of Minneapolis, Philadelphia, and Miami are given in
Table 3.65. As expected, the auxiliary boiler fuel requirements are greater in the colder
climate because of increased demand for space heating, whereas the engine-generator fuel require
ments are greater in the warmer climates because of the increased air conditioning load on the
compressor chillers. The net result is that the total fuel requirements are greater in
Minneapolis than in Miami and are reduced in proportion to the decreased electrical load. Fuel
consumptions at full electrical load are given in Table 3.53.

Figure 3.66 presents a comparison in fuel consumptions between Model A and Model C in the
Philadelphia area. At reference load (6500 kWhr), the fuel savings of Model A compared to
Model C is 17.4%, decreasing to about 16.2% at 85% load (5525 kWhr).

The results in Table 3.65 and Fig. 3.66 were obtained with the 1973 ORNL-MIUS hourly com
puter program. Environmental heating and cooling loads and domestic hot-water consumption were
held constant in these calculations. The electrical load was reduced from 6500 kWhr/year per
apartment to 85% of this usage, or 5525 kWhr/year per apartment.
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Table 3.65. Fuel consumption at 85% electric load

Minne- Phila- Miami
apolis delphia

Incinerator fuel, 108 ft 3

Auxiliary boiler fuel, 108 ft 3

Engine-generator fuel, 108 ft 3
3Total fuel consumption, 108 ft

0.0
0.223
0.862
1.085

0.0
0.132
0.871
1. 003

0.0
0.002
0.979
0.981

I
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Fig. 3.66. Effect of reduction in base electrical energy usage on annual fuel
consumption (Philadelphia climate).

3.9.5.8 Hot-water consumption

The comparative effects of varying domestic hot-water consumption on fuel requirements for
the MIUS (Model A) vs a conventional district system (Model C) in the Philadelphia area are given
in Table 3.66. The data are also shown graphically in Fig. 3.67.
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Table 3.66. Effect of annual average hot-water consumption
on fuel requirements (Philadelphia area)

42 gpd 58 gpd 80 gpd

A C A C A C

Total generator load, 7.172 7.371 7.195 7.375 7.228 7.381
106 kWhr

Incinerator fuel, ft3 0.0 0.0 0.0 0.0 0.0 0.0

Auxiliary boiler fuel 0.087 0.359 0.105 0.409 0.132 0.477
required, 10 8 ft 3

Engine-generator fuel 0.946 0.866 0.948 0.866 0.951 0.866
required, 108 ft 3

Fuel consumption, 1.033 1.225 1.053 1.275 1.083 1.343
10 8 ft 3

Differential fuel -0.192 -0.222 -0.260
consumption, 108 ft 3

Fuel savings, % 15.7 17.4 19.3

3.9.5.9 Effect of thermal insulation on fuel consumption

The heat-transmission losses or gains for the garden-apartment models are computed in the
1973 ORNL-MIUS hourly program by multiplying the heat-transmission coefficients for the walls,
ceilings, and windows by the appropriate areas and the temperature difference between the indoor
space and the outdoor air. Table 3.67 shows the effect on fuel consumption of varying the in
sulation requirements for the garden-apartment buildings in the Model A integrated utility sys
tem. This table compares key operating parameters for the Model A system using the insulation
requirements as recommended in "Minimum Property Standards for Multifamily Housing,"12 with
output data obtained when the wall and ceiling heat-transfer coefficients were arbitrarily in

creased to correspond to older Federal Housing Authority (FHA) values. The effect is also
compared when heat is recovered from incineration of solid wastes. When insulation requirements
are reduced, as indicated by the increase in thermal conductivities for the roof and walls,
total fuel consumption is increased by 7% when no trash is burned and by 5% when the trash is
burned and the heat is recovered.

3.9.6 Comparison of total emissions from MIUS and conventional utility systems

An important output of the computer program used to calculate building heating and cooling
loads and system fuel requirements from hourly weather and consumer data is the quantity of air
emissions produced by the auxiliary boiler, engine generators, and incinerator. A unique
feature of this program is the hourly determination of loads on individual components and the
use of performance and emission characteristics vs load. Average annual emissions have been
calculated for MIUS Model A and for the conventional district system (Model C), both serving
720-unit garden-apartment complexes (described previously). Weather data for Philadelphia,
Minneapolis, Dallas, San Diego, and Miami were used to evaluate the effect of climatic
variations on emissions.
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Fig. 3.67. Effect of varying domestic hot-water requirements on annual fuel
consumption.

Results presented in this section are the total annual emission of pollutants to the atmos
phere averaged over the number of years considered. Components included were the engine
generator sets, auxiliary boilers, and incinerators which would be located on the development
site. All electrical power used in Model C is supplied by a mix of conventional fossil- and
nuclear-fueled steam-electric plants offsite. Emission factors for combustion products from
components of MIUS and conventional utility thermal-electric subsystems are presented in

Sects. 3.2 and 3.3.

3.9.6.1 Emissions of Models A and C, Philadelphia

Emission values are printed by the computer program as totals for each month and year and
the average yearly total for the number of years of weather analyzed. The breakdown in
emissions for Philadelphia is presented here with natural gas and No. 2 distillate-oil fuels to
indicate the relative importance of the various components as emission sources. For the con
ventional system (Model C), in a Philadelphia climate, the average total annual electrical load
was 7.38 x 106 kWhr for the 720 apartments (Table 3.53). The corresponding air-pollution
emissions from a coal- or oil-fueled plant were calculated on the basis of a 5% transmission



Table 3.67. Effect of thermal insulation on fuel consumption (Philadelphia climate)

Model A Model C

FHA
insulation

Reduced
insulation

FHA
insulation

Reduced
insulation

Architectural parameters

Without
incineration

With
incineration

Without
incineration

With
incineration

Without
incineration

Roof conductivity, Btu hr ft- 2 °F-l 0.050 0.050 0.100 0.100 0.050 0.100
Wall conductivity, Btu hr ft-2 °F-l 0.120 0.120 0.200 0.200 0.120 0.200
Glass conductivity, Btu ht ft-2 °F-l 1.130 1.130 1.130 1.130 1.130 1.130

w
Thermal energy balance .!...

......
Total heat used, 1010 Btu

C'l

4.167 4.446 4.764 5.064 2.934 3.428
Heat available, 1010 Btu 4.381 5.739 4.435 5.788 0.0 0.0
Auxiliary boiler makeup heat, 1010 Btu 0.7538 0.526 1.205 0.862 2.934 3.428
Absorption air-conditioning cooling, 1010 Btu 0.7715 0.947 0.841 1.030 0.0 0.0
Heat unused, 1010 Btu 0.9669 1.820 0.876 1.586 0.0 0.0
Cooling tower load, 1010 2.789 3.000 3.103 3.340 1.823 2.050
Incinerator heat available, Btu 0.0 1.423 0.0 1.423 0.0 0.0
Electric air-conditioning cooling, 1010 Btu 0.5936 0.418 0.694 0.505 1.365 1.535
Total generator load, 106 kWhr 7.195 7.085 7.288 7.170 7.375 7.511
Incinerator fuel, 108 ft 3 0.0 0.044 0.0 0.044 0.0 0.0
Auxiliary boiler fuel required, 108 ft 3 0.1047 0.073 0.167 0.120 0.409 0.476
Engine-generator fuel re~uirement, 108 ft 3 0.948 0.935 0.959 0.945 0.866 0.882
Fuel consumption, 108 ft 1.053 1.052 1.127 1.108 1.275 1.358
Incinerator heat unused, 1010 Btu 0.0 0,.853 0.0 0.710 0.0 0.0
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loss from the central station to the distribution system of the apartment complex and a 52%
fossil-48% nuclear plant mix projected for 1975 (Sect. 3.3.4). To give the highest and lowest
amounts of most pollutants, the case with incineration was combined with an oil-fired auxiliary
boiler, and the no-incineration case had a natura1-gas-fired auxiliary boiler.

The annual average emissions for a 720-unit garden-apartment complex in Philadelphia are
presented in Tables 3.68 and 3.69 for the Model A and Model C cases respectively. The total
emissions for the conventional cases in Table 3.69 are based on the contribution from a coa1
fueled central-station plant to show the highest totals.

Table 3.68. Annual average emissions (pounds per year) with and without incineration
[720-apartment complex; MIU5 Model A; Philadelphia weather (1955-62)]

Engine generators Auxiliary boilers Total
Pollutant Incinerator

A B A B A B

CO 20,264 20,352 296.8 209.4 9,524 30,085 20,561
HC 1,965 9,895 222.6 188.5 5,391 7,579 10,083
NOx 155,050 311,300 2,968 1,047 5,391 163,409 312,347
502 25,037 54.3 3,206 6.28 4,492 32,735 60.6
Particulates 1,160 1,165 1,113 198.9 7,188 9,461 1,365

NOTE: A; Oil-fired engine generator and auxiliary boiler plus onsite trash incineration.
B ; Gas-fired engine generator auxiliary boiler, no incineration.

Table 3.69. Annual average emissions (pounds per year) with and without incineration
[720-apartment complex; conventional system with district heating

(Model C); Philadelphia weather (1955-62)]

Pollutant Central stationa District boiler Total
Incinerator

A B A B

CO 1,729 846.2 817.4 9,524 12,099 2,546
HC 518 634.8 735.7 5,391 6,544 1,254
NOx 31,118 8,462 4,087 5,391 44,971 35,205

5°2 25,420 9,137 24.52 4,492 39,049 25,444
Particulates 2,766 3,172 776.5 7,188 13,126 3,543

----------------------~~----- ------
aAnnual average load of 7.38 x 106 kWhr supplied by a 52% coal, 48% nuclear mix for 1975, 5~~

transmission loss from central station to system.

,;OTS: A Oil-fired auxiliary boiler plus onsite trash incineration.
B ; Gas-fired auxiliary boiler, no incineration.

There are several observations concerning the MIUS Model A emissions for Philadelphia in
Table 3.68. Engine emissions with incineration are very slightly less than without incineration
as indicated by the CO, HC, and particulate emissions from the engines. This result is caused
by the small decrease in electric air conditioning and, hence, engine-generator load with in
cineration heat used for absorption air conditioning. Incinerator operation contributes the
majority of HC and particulate emissions plus about 30% of the CO, almost all (98.7%) of the
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S02 would come from the incinerator with natural-gas fired engines and auxiliary boiler. The
auxiliary boiler with natural-gas fuel contributes minor amounts of emissions relative to the
engine generators, the largest being 17% of the particulates. With dfstillate-oil fuel, boiler
emissions increase, with particulates about equal from the engine generators and boiler. The
engine generators dominate the NOx, CO, and S02 emissions, with more NOx emission from the
engines than all the other emissions combined. The assumed doubling of NOx from a gas- vs an
oil-fired engine generator greatly increases the NOx and total emission from a gas-fueled MIUS.

Emissions from the Model C conventional utilities of Philadelphia given in Table 3.69 show
the following characteristics. With about four times more heat supplied by the auxiliary
boiler to Model C than Model A, the Model C boiler emissions represent a larger fraction of the
total than do Model A boiler emissions. Therefore, the boiler contributes more HC than the cen
tral station and, with oil fuel, the boiler contributes more particulates and almost as much
S02 as the central station. However, the incinerator, if used, would contribute a majority of
the CO, HC, and particulate emissions from the Model C utility system. The Model C central
station, although still contributing most of the NOx and S02, reduces the CO, HC, and NOx
relative to the engine generators in the Model A MIUS, even without the dilution effect of the
48% nuclear plant contribution to new central-station plants in 1975.

3.9.6.2 Comparative emissions from Model A MIUS and Model C conventional utilities

The total annual average emissions for a Model A MIUS and a Model C conventional utility
system in Philadelphia, shown in Tables 3.68 and 3.69, indicate that the MIUS Model A reduces
particulate emissions and, when using natural-gas fuel, S02 emissions. All other emissions from
the MIUS are increased with no external controls applied.

The annual average emissions for a 720-unit apartment complex with Model A MIUS and
Model C conventional utilities in Philadelphia, Dallas, Minneapolis, Miami, and San Diego are
presented in Table 3.70. These results are for natural-gas fuel without incineration. Incin
eration was not included for these results because the incinerator emissions add in constant
amounts of emissions that tend to cloud the behavior of the components responding to time
varying energy demands. The Model C conventional utilities emissions are for the assumed mix
of new central-station plants in 1975 (i .e., 52% coal-fueled plants of 38% conversion efficiency
and 48% light-water reactors of 31% efficiency). Table 3.70 shows the contribution from the
auxiliary boiler which~ for the Model C conventional utilities, represents the onsite emission
release. For the Model A MIUS, all the emissions are released onsite from the equipment
building stacks.

The major pollutant, NOx, is controlled by the engine-generator load and, hence, follows
the sequence of decreasing generator loads: Miami, Dallas, Philadelphia, Minneapolis,
San Diego. This sequence shows the importance of the electric air conditioning load in the
warm climates (Miami and Dallas). For cold climates (Minneapolis), the auxiliary boiler be
comes more important as indicated by the particulate results for both Model A and Model C
utilities.

The variation in the emission results in Table 3.70, as indicated by the percentage vari
ation of the extremes about the average result for the five cities, is indicated as follows:
for the Model A results, the maximum variation was 13.8% for particulates, and the minimum
variation was 7.8% for HC. The Model C results have a 29.2% maximum variation for HC and an
8.7% minimum variation for NOx. The remaining variations are all less than 10% and indicate
that, on the average, the amounts of emissions from the climatic variation represented do not
differ greatly.
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Table 3.70. Annual average emissions (pounds per year) from Model A MIUS
and Model C conventional utilities; 720-apartment complex

Philadelphia Dallas Minneapolis Miami San Diego
Pollutant

ebAa A e A C A e A e

CO
Boiler 209 817 64.2 490 375 1,050 2.84 293 6.15 392
Total 20,561 2,547 21,989 2,437 20,521 2,750 22,764 2,337 19,417 2,067

He
Boiler 189 736 57.8 441 338 945 2.55 264 5.54 353
Total 10,083 1,254 9,983 1,025 10,138 1,455 9,813 877 10,846 855

NO
rioiler 1,047 4,087 321.0 2,450 1,875 5,250 14.2 1,464 30.8 1,960
Total 312,347 35,205 338,481 37,496 309,995 35,853 352,954 38,239 292,371 32,111

SO
toiler 6.28 24.5 1.93 14.7 11.3 31.5 0.09 8.8 0.18 11.8
Total 60.58 25,444 65.67 28,645 69.29 25,066 66.65 30,052 55.19 24,629

Particulates
Boiler 199 777 (.1.0 466 356.3 998 2.70 278 5.84 372
Total 1·,365 3,543 1,302 3,581 1,510 3,717 1,,~82 3,547 1,144 3,053

~S Model A.

beonventional utilities Model e.

NOTE: 58 gpd/apt.; natural-gas fuel; no incineration; 1975 coal-nuclear plant mix for conventional
electricity. )

To obtain a direct measure of the Model A MIUS emissions relative to the Model C utility
emissions, the ratios of the Model A to Model C emissions for natural-gas fuel in Table 3.70
are shown in Table 3.71. The same general comparison of emissions made for Philadelphia in the
previous section applies to all the cities (i.e., NOx, CO, and HC are increased and S02 and
particulates are decreased by the factors indicated in Table 3.71). If distillate-oil fuel were
used for the auxiliary boilers and engine generators, the average ratio of Model A to Model C
emissions would change from 9.0 to 4.2 for NOx and from 0.00238 to 0.790 for S02'

Table 3.71. Ratio of annual average emissions from Model A with
natural gas fuel to Model C conventional utilities

Pollutant
Philadel- Minneap- Miami Dallas San Diego Average
phia olis

CO 8.08 7.46 9.74 9·02 9·39 8.74
HC 8.04 6.97 11.2 9.97 12.7 9.78
NO 8.87 8.65 9.23 9.03 9·11 8.98
SO~ 0.00238 0.00276 0.00222 0.00229 0.00224 0.00238
Particulates 0.385 0.406 0.361 0.364 0.375 0.378

NOTE: Conventional electricity for 1975 projected mix of 52% coal
fired fossil and 48% nuclear plants. Coal plants have 85%
sulfur and 99% particulate removal. Without incineration
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The reason for the pronounced increases in NOx and CO from the Model A MIUS relative to
Model C conventional utilities is that the internal-combustion engine produces more NOx from
higher flame temperatures and more CO from intermittent combustion when compared with the con
tinuous combustion occurring in a gas- or oil-fired boiler. The S02 emission is controlled, of
course, by the sulfur content of the fuel and hence is unaffected by the combustion process.
To illustrate the difference in emission characteristics between an internal-combustion engine
and a boiler, the average engine emission per cubic foot of natural gas was calculated from the
Model A MIUS engine generators for the five cities considered. The average engine emission
factor is shown in Table 3.72 along with the emission factor for the auxiliary boiler using
natural gas. This table shows that, compared with an auxiliary boiler, engine NOx and CO
emissions greatly increase, HC remain about the same, and particulates are slightly reduced.

Table 3.72. Comparison of average engine emission
(lb/ft 3) from Model A MIUS with auxiliary

boiler; natural gas fuel

HC NOx CO Particulates

Engine
Boiler

20.8 3301
18 100

215.2
20

12.3
19

3.9.6.3 Effect of fossil-nuclear conventional plant mix on conventional utility
emissions

Conventional electric plants of the future are expected to differ markedly from those of
the past as large nuclear-fission reactor plants come on line. As more nuclear capacity is
added, the amount of fossil-fuel emissions per unit of electric energy generated will decrease.
The results concerning the conventional utility system emissions presented in this section
have been based on the projected mix of new nuclear- and fossil-fueled plants for 1975 taken
from Sect. 3.3. We have also assumed that the new fossil-fueled plants will use coal instead of
oil or gas because of price and supply problems.

By using the emission factors for coal-fueled plants, we may have slightly overestimated
the conventional plant emissions for new fossil-fueled generating plants. However, this assump
tion probably results in no more inaccuracy than is included in the estimated emission factors
themse1ves .

The projection of new fossil- and nuclear-fueled plants for 1975, 1985, and 2000 in
Sect. 3.3 was used to calculate the emission rate per megawatt-electric generated by the fossil
nuclear mix relative to 1975. This 1975 relative fossil-fuel emission rate per system was
0.608 and 0.406 for 1985 and 2000 respectively. These factors were then applied to the electric
portion of the Model C conventional util ity loads to calculate the "1975 relative emission rate
per system megawatt-electric" for Model C. The result is shown in Fig. 3.68 for the five
fossil-fuel pollutants. Each pollutant has a different result for each of the five climates
considered, so the highest and lowest results are presented for each pollutant. The relative
emission rate is highest for Minneapolis, with the highest auxiliary boiler contribution to
emissions, and is lowest for Miami with the lowest auxiliary boiler emission. Figure 3.68
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Fig. 3.68. Model C emission rate per system megawatt-electric relative to
1975.

indicates that HC and CO are the most sensitive to weather and, hence, the least affected by the
changing fossil-nuclear plant mix. Conversely, NOx has a weak dependence and S02 from natural
gas has a zero dependence on weather because of the dominance of the emission from the central
electric-generating plant relative to the auxiliary boiler. For the largest MIUS Model A
pollutant, NOx, the conventional Model C system NOx emission in 2000 will decrease to 43 to
50% of the 1975 emission for the projected mix of new conventional plants.

3.9.6.4 Emission of conventional utility consumer Models D, E, and F compared
with Model A MIUS emissions

The final series of emission comparisons in this section is between the 720-unit Model A
MIUS complex and the Models D, E, and F conventional utility system alternatives. These models
(described in more detail in Sect. 3.9,5) differ from the district heating and cooling system
with conventional electricity generation of Model C as follow?:

1. Model D uses heat-pump units in each apartment and gas-fueled or electric water
heaters in each apartment,

2. Model E uses individual-apartment air conditioners and individual-apartment building
space and water heaters fueled with gas,

3. Model F uses individual-apartment air conditioners, as Model E, and individual
apartment gas-fueled or electric water heaters, as Model D, but uses electric-resistance
heating.
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In terms of total fuel use, the results of Sect. 3.9.5 show that increasing amounts of fuel
(expressed as cubic feet of natural gas) are used in Models C, E, D, and F.

Annual average emissions were calculated for Models D, E, and F and the 1975 mix of
fossil- and nuclear-fueled conventional electric-generating plants in the same manner as for
Model C in the previous section. The total emissions generated by the onsite gas-fired heater,
if any, and the offsite central electric-generating plant were then compared with the Model A
MIUS total emission in Table 3.73.

Table 3.73. Ratio of annual average emissions from Model A MIUS with
natural gas fuel to Models D, E, and F conventional utilities

Pollutant Philadelphia Minneapolis Miami Dallas San Diego
Gas Elec.:. Gas Elec. Gas Elec. Gas Elec. Gas Elec.

Model A/Model D

CO 7.46 5.92 6.94 5.43 8 62 7.09 8.06 6.58 9.27 7.09
HC 10.15 10.35 9.90 10.1 10.0 10.2 9.8 10.15 12.9 13.25
NO X 7.19 5.08 6.54 4.55 8.06 6.10 7.58 5.62 8.85 5.92
S01 0.00175 0.00118 0.00187 0.00124 0.00194 0.00141 0.00188 0.00133 0.00216 0.00137
Pa~ticulates 0.330 0.245 0.339 0.249 0.317 0.249 0.314 0.243 0.368 0.261

Model A/Model F

CO 6.29 5.15 5.56 4.55 8.55 7.04 7.52 6.17 9.09 6.99
HC 8.85 9.05 8.35 8.50 9.95 10.15 9.25 9.60 12.8 13.05
NOX 5.95 4.42 5.13 3.82 8.06 6.06 6.99 5.29 8.70 5.85
50 7 0.00144 0.00103 0.00145 0.00104 0.00192 0.00140 0.00173 0.00126 0.00212 0.00135
Pa~ticulates 0.275 0.213 0.269 0.209 0.315 0.248 0.292 0.229 0.361 0.258

Model A/Model E

CO
HC
NOX
S02
Particulates

7.63 7.09 8.62 8.13
8.00 7.30 9.90 8.95
8.70 8.47 8.13 8.13
0.00230 0.00275 0.00195 0.00207
0.366 0.358 0.318 0.328

9.58
12.6
9.09
0.00221
0.377

Notes: 1. Conventional electricity for 1975 projected mix of 52% coal-fired fossil and 48% nuclear plants.
Coal plants have 85% sulfur and 99% particulate removal.

2. "Gas" and "Electric" refer to type of water heater in apartment or building.

Table 3.73 presents the ratio of the Model A MIUS to Model D, E, and F emissions for the
five cities considered and the five fossil-fuel pollutants. Several observations concerning the
relative emissions from these conventional utility models and the Model A MIUS are as follows:

1. Electric water heaters result in higher emissions than natural-gas water heaters for
all pollutants except HC.

2. Emissions increase from Model E to Model D to Model F for all pollutants except HC
for Model D, which is the least; Model C emissions are the lowest of all the
conventional models.

3. The lowest Models D, E, and F emissions relative to the Model A emissions occur in
San Diego weather for all pollutants except for S02 in Model E, which occurs in
Minneapolis.

4. Model A emissions relative to Model E emissions show the least variation among the
five cities considered, with variations relative to Models D and F being very
similar.
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5. The highest conventional model emission relative to Model A emission occurs with
Model F in the colder climates such as Minneapolis and Philadelphia. For example, the
Model A to Model F emissions ratio for NOx in Minneapolis drops to 3.8, compared with a
ratio of 8.6 for Model C. Significant decreases in the Model A to Model F emissions
ratio also occur for CO, S02' and particulates relative to the ratio for Model C.

It has been observed that HC emission from the conventional model utilities runs counter to
the trends of the other pollutants. The main reason for the difference in the HC behavior can
be understood by comparing the emission factor for a natural-gas-fired auxiliary boiler with
that for the fossil-nuclear electric-generation system. When the HC emission factors in

6
Tables 3.15 and 3.25 are converted to pounds of emission per 10 Btu of space heating, the HC

6
emission is 0.02 lb/10 Btu of space heating for both the auxiliary boiler and the electric-
generation system, assuming a 1975 mix of fossil- and nuclear-fueled plants and 100% conversion
efficiency of auxiliary boiler fuel value to heat and electricity to heat at the use location.
From Tables 3.15 and 3.25, the CO, NOx, and particulate emissions are increased by factors of
1.11, 5.56, and 1.056, respecti¥ely, for the auxiliary boiler, compared with corresponding
factors of increase of 3.33, 60, and 5.33 for the electric-generation system. Therefore, the
CO, NOx, and particulate emissions are all increased when using electric heat, compared with
gas-fired boilers, as long as the conversion efficiency of the gas-fired boiler system is 33%
or better. For this reason, the additional use of electricity with electric water heaters and
with electric space heating in Model F in the colder climate results in the highest CO, NOx,
and particulate emissions relative to Model A MIUS but the lowest relative HC emission.

3.9.6.5 Conclusions concerning total emission results

The major conclusions pertaining to fossil-fuel emissions* from a Model A MIUS and the
conventional model utility systems considered here (Sect. 3.9.6) are summarized for a 720-unit
apartment complex. Conventional electricity was generated by the fossil-nuclear plant mix pro
jected for 1975, with environmental protection features. The MIUS prime movers had no added
emission-control devices.

1. NOx is the major pollutant from a MIUS, either gas- or distillate-oil-fueled, and the
annual average emission is up to nine times the NOx emission from the Model C con
ventional utility system.

2. A natural-gas-fueled MIUS would reduce S02 emission by several orders of magnitude
relative to conventional electric-generating systems with coal- or oil-fueled plants;
however, use of distillate-oil fuel in the MIUS would increase the S02 emission by a
factor of 1.4 over the Model C conventional system.

3. Emissions of CO and HC from a Model A MIUS without incineration was greater than the
Model C emissions by factors of about 9 and 2 respectively.

4. Particulate emission from a Model A MIUS was 40% of particulate emission from a Model C
conventional system, with no incineration in either system.

5. Incineration of 2000 lb/hr of solid waste added emissions in the following orders of
importance - for the MIUS, particulates, HC, CO, S02' and NOx (see Tables 3.68

and 3.69).

*The term "emissions" here refers to the annual average amount of pollutants released
from the energy conversion components of the utility system, not the instantaneous rate of
release of pollutants.
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6. Relative emissions between Model A MIUS and the most efficient conventional utility
system, the Model C district heating and cooling system, showed little sensitivity to
varying climate. As electricity use increased in less-efficient conventional models,
the Model A MIUS emission relative to the conventional utility system emissions became
more sensitive to climatic variations. The ratio of MIUS-to-conventional emissions
decreased as more space heating was required (see Table 3.73).

3.9.7 Estimated costs for the MIUS thermal-electric subsystem vs development size

The purpose of this section is to determine the sensitivity of the cost of the MIUS thermal
electric subsystem to the size, geometry, and density of the community. The reference case for
this study was the 720-unit, two-story, garden-apartment consumer model described in Sect. 3.9.1.

The costs for district heating and cooling distribution systems were estimated for five
community sizes from 96 to 2880 dwelling units (DU), assuming a constant DU density. The vari
ation of cost with heating and cooling requirements was then investigated, as well as a 50%
higher DU density obtained by assuming that the apartment buildings had three floors. Finally,
other building arrangements were analyzed.

Cost estimates of other subsystem components required to serve three development sizes are
also summarized. Costs elements include installed capital cost, fixed charges on capital, and
operating and maintenance costs.

3.9.7.1 Thermal energy distribution system

The installed cost was estimated for underground four-pipe district heating and cooling dis
tribution systems to serve several sizes of communities. Two series of estimates were made, one
for hot-water (HW) distribution and one for chilled-water (ChW) distribution. A typical piping
layout is shown in Fig. 3.69 for the reference consumer model site plan. In all cases con
sidered, land was allowed for equipment building space; however, land cost was not included.
The space allowance for all two-story building arrangements gave a floor-area ratio (FAR) of

12
0.35, which is within the range recommended for two-story buildings. This FAR corresponds to
a land-use intensity (LUI) factor of about 4.8 as determined from information in ref. 13. The
HW distribution system for 24 buildings (288 DU) is only 40% of the reference-size system.
The reason for using this size, rather than a half-size arrangement, was to retain a similar
schematic for the distribution system. That is, a system with a single trunk main from the
equipment building to serve an even number of rows and columns.

Table 3.74 shows how the capital cost of the four-pipe HW-ChW system varies with the size
of the development for two densities of developments. The estimates shown in Table 3.74 are
for a diagonal building configuration, typically shown in Fig. 3.69. Piping costs were also
estimated for configurations with buildings oriented parallel to each other and to the pipe
branches. These indicated that some cost savings «25%) might be effected. However, estimates
for the reference case show that the cost for laterals is from 20 to 50% of the cost for the
distribution system, and optimization of the combined cost of laterals and branch mains might
reduce the overall cost. The diagonal building arrangement estimates are used in this study.

Operating and maintenance costs are not well known for such distribution systems, and, in
this study, they were assumed to be 4% of the direct capital cost.
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Fig. 3.69. Hot-water-distribution system for 60 two-story buildings (720
apartments), with FAR = 0.35 and Qh = 23,890 Btu/hr per apartment.

The foremost conclusion that applies generally to district heating systems with a constant
heat density is that the cost per DU increases with size, for systems larger than the reference
case. For systems smaller than the reference case, the cost per DU not only increases with size
but is sensitive to the development length-to-width ratio and location of the equipment building,

Economies of scale are much more dependent on density in terms of apartments per acre (for
the same peak thermal energy demand per apartment) than on any other factor. However, the
effects of increased apartment density may approach a level of diminishing returns in multistory
buil di ngs.

The cost of ChW distribution systems will generally vary with size and housing density in
the same general manner as do HW distribution systems.

For any particular geometric pattern of buildings, a centrally located equipment building
should contribute to the lowest-cost system that can be obtained from data on a piping schematic,
If environmental conditions dictate that the equipment building be remotely located, the system
cost can be expected to be higher than the system with a centrally located equipment building.

The reduction of community density by allowing more open space between groups of develop
ments served from a single equipment building was not evaluated quantitatively but would ob
viously be substantially more expensive because of the long, large trunk mains that would have
to be added.
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Table 3.74. Capital cost for 4-pipe hot- and chilled
water distribution system for Model A density lin a

Philadelphia climate

Number of DU

Capital cost for 4-pipe i
distribution system

103 $ $!DU

Two-story apartment buildings: FAR = 0.35

96
288
720

1440
2880

41.6
137
348
763

1610

433
476
483
529
558

Three-story apartment buildings: FAR = 0.52

144
432

1080
2160
4320

45.4
149
397
883

1820

315
344
368
409
422

Reduced community density by reducing the apartments to one floo~ or eliminating half of
the apartments also was not evaluated quantitatively but would be eXPfcted to cost 50 to 75%
more than the two-story apartments.

3.9.7.2 Electrical and thermal equipment building components

The following design criteria and cost data are for those equipment items, located in a
central equipment building, required to supply electricity and hot and chilled water to the
Model-A-type installation evaluated in Sects. 3.9.1 through 3.9.6. T

1

1 e design criteria and the
selection of components for plants of several sizes are based on the ssumption that the power
system is not tied to any regional grid; however, it should have a re iability equivalent to
that of a conventional utility system. Also, no consideration is given to the construction
schedule for the apartment complex (i.e., the system components are sJlected on the basis of the
total number of apartments to be built without considering any problels that might result from
component loads or any cost associated with equipment not being fully utilized during develop
ment construction).

The total number and installed capacity of the engine generators were determined by two
criteria: (1) the ability to meet the summer demand with at least one' engine generator out of
service and (2) the ability to meet the critical demand (defined as the electrical load without
the compression air conditioning load) with two units out of service. The rationale for the
first criterion is that at least one unit will be out of service for maintenance during part of
the air conditioning season. However, if two units are out, then the rir conditioning load can
be reduced without a power outage. The second criterion is based on t~e assumption that no more
than five or six engine generators are used. For this case, the proba~ility of more than two
units being out of service is small, and the reliability of the power system14 is about the same
as that of a conventional utility.
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The chiller system uses both absorption and compression units. The absorption units are
sized to utilize the excess heat (the amount in excess of that required for domestic hot water)
recovered from the engines during the summer. The air conditioning demand above that provided
by the absorption units is supplied by more efficient compression units.

The boilers, heat exchangers, and HW and ChW pumps have excess capacity. The boilers are
sized to maintain a temperature in the apartments of about 60°F with one boiler out of service
during design winter conditions. The heat exchangers and pumps represent a small part of the
total cost and for design conditions have one spare unit installed.

The 1972 cost data given in Sects. 3.3.2 and 3.3.4 are used in this section. These costs
were taken from manufacturers' data, cost-estimating manuals, technical literature, and consul
tants. The plant costs are divided into several major systems. For example, the engine
generator system costs include the power switchgear, automatic controls, heat-recovery equipment,
and other subsystems such as compressed air, fuel, lube oil, engine exhaust, condensate system,
and other miscellaneous equipment.

The cost of engine generators is different from that of many types of industrial equipment
in that the cost per kW of output does not change very much with output for units above about
500 to 600 kW. A maximum engine-generator speed of 1200 rpm is assumed for units with power
outputs of 500 to 600 kW. As the engine generators become larger, the speed decreases and the
effect of the normal scale factor is lost. For this study it was assumed that as the size of
the units increases above 500 kW, the engine speed drops and the installed cost remains constant
at $250/kW until the output and speed reach 1500 kW· and 514 rpm respectively. Above 1500 kW,
the cost decreases slowly with size.

Typical costs for both absorption and compression ChW systems are given in Sect. 3.4.4,
which gives the cost of the major components and the total installed cost.

Auxiliary boilers and heat-exchanger costs, given in Sect. 3.4.4, are for package-type,
low-pressure, fire-tube, natura1-gas-fired units and are shown as a function of boiler horse
power. The heat exchangers transfer the heat recovered from the engines or the heat from the
auxiliary boilers (at ~240°F) to the HW distribution system (160 to 200°F).

The cost for the HW and ChW pumps and necessary auxiliaries from Sect. 3.4.4 is given as
a function of the horsepower. The cost curve includes the motor, pump, wiring, piping, and
controls. The total cost of the pumping station is obtained by summing the cost of the indivi
dual pumps.

Using the previous criteria and cost, the number, size, and installed cost of a plant to
serve the equivalent of 288, 720, and 2880 garden apartments are shown in Tables 3.75 through
3.77. The climate for each of these cases is that of Philadelphia.

The operating labor cost depends primarily on the operating philosophy chosen. For these
cases it is assumed that the plant is one of several serviced by a utility or separate operating
organization. The plants are completely automated and operated unattended, with surveillance
and monitoring from a central location. The service and operating crew would work from a
central location and be available to all sites. Thus the operating cost would depend on the
total number of installations, and the $10,000 surveillance cost used in this estimate is rather
arbitrary. The maintenance costs for engine generators is sensitive to the size and speed of
the units, as shown in Sect. 3.2.2, varying from $1.04 to $1.56 per operating hour as engine
generator size varies from 250 to 3000 kW. The annual maintenance cost for the chiller systems,
as a function of capacity, is given in Sect. 3.4.4. The annual maintenance cost for the boilers,
heat exchangers, and the pumping station was assumed to be 3% of the capital cost of these items.
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Table 3.75. Electrical and thermal equipment building
components and costs to serve 288 apartments

in a Philadelphia climate

Item

Engine-generatora

Chiller systemb

Absorption
Compression

Boiler

Eeal: exchanger

Hot-water pump

Chilled-water pump

Equipment building

Total

Engineering, fees, interest during
construction and contingency - 25%

No. Size Cost, $

4 250 kW 310,000

130,000

1 175 ton
1 275 ton

2 125 hp 29,000

3 3 X 106 Btu/hr 14,000

3 7 1/2 hp 13,000

3 20 hp 19,000

1 3500 ft 2 105,000

620,000

158,000

778,000

aIncludes power switch gear, automatic controls, heat-recovery
equipment, and other subsystems such as compressed air, fuel, lube
oil, engine exhaust, and other miscellaneous equipment.

bIncludes cooling tower, condensate system, and other miscel
laneous equipment.

3.9.7.3 Estimated costs for MIUS electrical and thermal energy systems

The installed cost of the electrical distribution system and the apartment building items
was based on information in ref. 1. Distribution was underground at 4160 V, and maintenance
was taken as 2% of the capital cost. The apartment building items were water pumps, piping,
controls, HW heater, fan-coil units, ducts and outlets, condensate drains, and space. Main
tenance of the apartment heating and cooling systems was taken to be $20/year per apartment.

Table 3.78 summarizes the electrical and thermal energy system capital costs for three
sizes of communities, and Table 3.79 gives annual costs for the three.

Costs were not estimated for smaller developments because of a lack of confidence in the
cost for smaller-size engine generators, which would probably be a different class of engine
(higher speed and perhaps less reliable), and because it appears that costs per apartment would
continue to increase as developments became smaller.

Based on the assumptions used in this section, it appears that developments of less than
300 units are not likely to be economically attractive relative to conventional utilities.
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Table 3.76. Electrical and thermal equipment building
components and costs to serve 720 apartments

in a Philadelphia climate

Item

, a
Engine-generator

Chiller systemb

Absorption
Compression

Boiler

Heat exchanger

Hot-water pump

Chilled-water pump

Equipment building

Total

Engineering, fees, interest during
construction and contingency - 25%

No. Size Cost, $

5 500 kH 625,000

260,000

1 425 ton
1 675 ton

2 275 hp 47,000

3 7 X 106 Btu/hr 24,000

3 20 hp 19,000

4 30 hp 33,000

1 6500 ft
2

195,000c

$1,205,000

301,000

$1,504,000

aIncludes power switch gear, automatic controls, heat-recovery
equipment, and other subsystems such as compressed air, fuel, lube
oil, engine exhaust, and other miscellaneous equipment

bIncludes cooling tower, condensate system, and other miscel
laneous equipment.

c$30 per ft2 .

Table 3.77. Electrical and thermal equipment building
components and costs to serve 2880 apartments

in a Philadelphia climate

Item No. Size Cost, $

Engine-generatora 5 1750 kW 2,120,000

Chiller systemb
925,000

Absorption 1 800 ton
Compression 3 1200 ton

Boiler 3 650 hp 140,000

Heat exchanger 3 30 X 106 Btu/hr 60,000

Hot- water pump 4 40 hp 40,000

Chilled-water pump 5 75 hp 90,000

Equipment building 1 10,000 ft 2 300,000

Total 3,675,000

Engineering, fees, interest during 919,000
construction and contingency - 25%

4,594,000

aIncludes power switch gear, automatic controls, heat-recovery
equipment, and other subsystems such as compressed air, fuel, lube
oil, engine exhaust, and other miscellaneous equipment.

bIncludes cooling tower, condensate system, and other miscel
laneous eqUipment.
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Table 3.78. Capital cost for electrical-thermal energy
systems for a MIUS in a Philadelphia climate

Capi tal cos t
Item

288 DU 720 DU 2880 DU

Cost per development (10 3 $)

Equipment building components 778 1,503 4,594
District hot water and chilled

water distributiona 171 435 2,010
Electrical distributionb 52 162 893
Apartment building itemsC 272 680 2,722

Total 1,273 2,780 10,200

Unit cost ($/apartment) 4,420 3,860 3,540

aIncludes 25% indirect costs.

bBased on $180, $225, and $310 per apartment, including 20%
indirect costs for 288-, 720-, and 2880-apartment developments,
respectively.

cBased on $945 per apartment, including 5% indirect costs.

Table 3,79. Annual costs for the electrical and thermal
energy systems for a MIUS in a

Philadelphia-like climate

Annual cost

Item

Fixed charges @15% (10 3 $)

Maintenance (10 3 $)
Engine-generators
Chillers
Miscellaneous a
District hot water and

chilled water
.Electrical distribution b
Apartment building equipment
Equipment building

Subtotal

Operation (10 3 $)
Surveillance labor
Gas fuel @$1/10 3 ft 3

Total annual cost

Unit cost ($/apartment)

288 DU 720 DU 2880 DU

192.0 417.0 1530.0

17.2 22.9 30.4
6.5 10.5 28.6
2.3 3.7 9.9

5.5 13.9 64.4
0.9 2.7 14.9
5.8 14.4 57.6
1.0 2.0 3.0

39.2 70.1 208.8

10.0 10.0 10.0
42.1 105.3 363.3

283.3 602.4 2112.1

983 837 733

DU dwelling unit.
a
Boiler, heat exchanger, and pumps

b
2% of direct capital cost
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Table 3.80. Annual costs of MIUS solid-waste disposal
by incineration without auxiliary fuel

Annual cost ($)

288 DU 720 DU 2880 DU

With heat recovery

Incinerator 40,000 51,000 120,000
Residue disposal contract 7,300 7,700 17,000

Total 47,300 58,700 137,000

Unit cost ($/ton solid waste) 65 32 19
Annual cost/apt. ($) 164 82 48

Without heat recovery

Incinerator 25,000 40,000 110,000
Residue disposal contract 7,300 7,700 17,000

Total 32,300 47,700 127,000

Unit cost ($/ton solid waste) 44 26 17
Annual cost/apt. ($) 112 66 44

3.9.8 Estimated costs for solid~ and liquid-waste and potable-water subsystems for MIUS and
conventional utilities

3.9.8.1 Estimated costs for MIUS and conventional solid-waste disposal

Data used to estimate the annual cost of MIUS solid-waste disposal by incineration are given
in Sect. 3.7. For the MIUS SUbsystem, annual costs of the incinerator with and without heat
recovery were found from Fig. 3.47 using a solid-waste-burning rate consistent with a five days
per week operation. Estimated costs are included for residue disposal off-site by a contract
hauler. Costs for collecting solid waste are not included because they are assumed to be the
same as for the conventional utility and would not contribute to differential cost. Resulting
annual costs for three development sizes served by MIUS are shown in Table 3.80. These costs
would not vary with housing density.

Conventional solid-waste disposal costs, excluding collection, were also determined in Sect.

3.7 as
Disposal method

Sanitary landfill
Incineration
Incineration with heat recovery*

*No credit for recovered heat.

Unit cost ($/ton)

4

6

7



3-192

It is assumed that solid-waste disposal service to the development under consideration requires
only part of the capacity of a municipal or regional size facility. Therefore, the unit costs
listed above would not vary with development size or density.

3.9.8.2 Estimated costs for MIUS and conventional liquid-waste treatment and disposal

Data used to estimate annual costs for liquid-waste treatment and disposal are given in
Sect. 3.6. Plant capacity was based on a per capita production of 80 gpd, with 3.4 persons per
apartment. Costs for collection mains within the development were assumed to be the same for
MIUS and conventional utilities and, therefore, were not included. Table 3.81 summarizes
resulting annual costs for MIUS packaged treatment plants serving the three development sizes.

Table 3.81. Capital and annual costs of MIUS liquid waste treatment and disposal

Physical-chemical
Biological treatment treatment

288 DU 720 DU 2880 DU 288 DU 720 DU 2880 DU

Capital cost (10 3 $)a

Treatment plant 60 100 200 160 320 970
Flow equalization outfall

and fencing 30 50 100 30 50 100

Subtotal 90 150 300 190 370 1070

Engineering, contingency,
and interest during con-
struction (25%) 23 38 75 48 92 268

Total 113 188 375 238 462 1338

Annual cost (10 3 $)

Fixed charge @15% 16.9 28.2 56.2 35.7 69.3 200.7
bOperAting and maintenance cost 7.0 15.0 41.0 20.6b 40.0b 136.9

Total 23.9 43.2 97.2 56.3 109.3 337.6

Annual unit cost ($/apartment) 83 60 34 195 152 117

aExcludes costs of collection sewers within housing development~

bChemical cost of $0.32/1000 gal plus 2 hr operator time per day at $lO/hr and
$0.14/1000 gal of liquid waste treated for sludge disposal.

Conventional liquid-waste-treatment and -disposal costs are taken to be the incremental cost
to provide new treatment facilities and the associated operating and maintenance costs of new
facilities. The size of a typical conventional liquid-waste-treatment facility is estimated to
be 10 Mgd. Incremental costs have been calculated using the data of Smith for capital and
operating costs of treatment plants (escalated to January 1972 dollars).15 These costs, without
interceptor sewers or collection sewers, are given in Table 3.82. Also shown in Table 3.82 is the
calculated cost of an interceptor to serve a 720-unit development. Costs are based on 1- and
5-mile lengths, and the sewer is designed to serve only the apartment development. In actual
practice, this sewer would probably be installed with a larger diameter to serve future growth
along its route, and, as a result, the developer might be charged for only a portion of its cost.
However, for this analysis, costs are based on a sewer installation to serve only the development
considered. Annual charges are assumed to be 15% of capital costs.
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Table 3.82. Capital and annual costs of conventional
liquid-waste treatment and disposal

Size of development served

288 DU 720 DU 720 DU 720 DU 2880 DU
Item

Interceptor length (miles)

0 0 0

Capital costs (103 $)
Treatment plant" 44 112 112 112 448
Interceptor 0 0 98 490 0- - -

Total 44 112 210 602 448

Annual cost (103 $)
Fixed cost (15% capital) 6.6 16.8 31.S 90.3 67.2
Operating and maintenanceb 2.0 5.1 5.1 5.1 20.4-

Total 8.6 21.9 36.6 95.4 87.6

Annual cost/apartment ($) 30 30 51 132 30

"Incremental capital cost to increase capacity of 10 Mgd plant by amount required to
serve housing complex.

blncremental operating and maintenance cost of a 10 Mgd plant increased by amount
required to serve housing complex.

3.9.8.3 Estimated costs for MIUS and conventional potable-water supply and treatment

Table 3.83 shows the sensitivity of potable-water treatment costs to the size of the
development and to the type of water supply used by MIUS and conventional utilities. The MIUS
potable-water system costs, shown in Table 3.83, do not include fire protection water because a
separate fire protection system using water from a pond fed by the liquid-waste-treatment system
was assumed to be used. As a result, the MIUS potable-water distribution system uses piping of
smaller diameter than would be necessary if the system were required to provide fire flows.

A MIUS serving 720 dwelling units (DU) requires treatment capacity of 275,000 gpd to provide
potable water for the residents and the peak cooling-tower makeup. A storage capacity of 350,000
gal is provided to allow the treatment plant to operate at a constant flow rate and to allow for
treatment plant malfunctions. Two wells and associated chlorination equipment are provided.
Costs of wells, chlorinators, storage tanks, and piping were obtained from various estimating
sources 16 - 18 and used to determine the costs included in Table 3.83. In the case of surface water
treatment, costs of package plants were obtained from manufacturers and adjusted to include
shipping and installation costs and auxiliary equipment required. Table 3.83 includes the costs
of the potable-water distribution system but not the cost of the separate fire protection system.
Estimated costs of the separate fire protection system for MIUS are shown in Table 3.84. It is
possible that an alternative method of protection, satisfactory to the parties concerned, can be
found, but effects of both fire and health insurance should be analyzed for specific sites.

Costs for conventional offsite water treatment were based on the incremental capital and
operating costs developed in ref. 1. Other costs added included the expenses for storage,
transmission, and distribution. Under these assumptions, the total cost of conventionally
supplied potable water varies with development size and density.

As shown in Table 3.83, treated potable water is provided at the lowest cost when using a
groundwater supply and chlorination as a treatment method. As the size of the community served
decreases, the use of groundwater becomes increasingly attractive. Where the size of the community
served approaches 10,000 persons (2880 DU), it appears that potable water can be provided by a
MIUS with surface or groundwater supply, or conventionally from a nearby community, at about the



Table 3.83. Estimated cost of potable-water supply and treatment for MIUS and conventional utilities

MIUS, well supply MIUS, surface supply Conventional, 5-mile transmission Conventional, I-mile transmission

288 DU 720 DU 2880 DU 288 DU 720 DU 2880 DU 288 DU 720 DU 2880 DU 288 DU 720 DU 2880 DU

Capital Costs, (103 $)

Treatment plant costs 12 12 48 120 200 500 53 136 545 53 136 545

Water supply costs

Wells 60 60 240
Intakes 110 110 110 w

Storage towers 210 260 800 210 260 800 210 260 800 210 260 800 ..'....
I.D

Distribution 22 54 286 22 54 286 56 140 630 56 140 630
.,.

Transmission, supply to complexes 970 .2?Q. 1,250 194 194 250- -- -- - - --
Total capital cost 304 386 1,374 462 624 1,696 1,289 1,506 3,225 513 730 2,225

Annual Cost, (103 $)

Fixed costs (15% capital) 45.6 57.9 206.7 69.3 93.6 254.4 193.4 225.6 483.8 77.0 109.5 333.8

Operation, maintenance &
chemicals 1.0 1.0 4.0 1.1 2.7 10.8 3.2 8.1 32.1 3.2 8.1 32.1

Labor 5.0 i:..Q. 7.5 21.0 21.0 42.0 -- --
Total annual cost 51.6 63.9 218.2 91.4 117.3 307.2 196.6 233.7 515.9 80.2 117.6 365.9

Annual Cost per Dwelling Unit ($) 179 89 76 317 163 107 683 325 179 278 163 127
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Table 3.84. Estimated cost of a separate fire-protection system
for garden apartment developments

Item

Capital (103 $)

Fire piping system (installed)

Fire pump and inlet system

Subtotal

Contingency (20%)

Engineering (15%)

Total capital

Annual fixed charges @15% ($/apartmertt)

288 DU 720 DU 2880 DU

35.8 89.5 358.0

34.5 34.5 138.0

70.3 123.0 496.0

14.1 25.0 99.2

84.4 148.0 595.2

12.7 22.0 89.3

97.1 171.0 684.5

50.6 36.0 36.0

same cost. Where the community supplying treated water to the MIUS is distant from the MIUS
complex, the cost of providing water increases considerably because of the increased cost of
water transmission.

In most cases, the cost of potable water from a MIUS is very dependent on the size of the
MIUS. Where the continuous presence of an operator is required by local governments, the cost of
providing water to a small development may be high. The cost of providing water to a development
rises sharply as size decreases below about 500 to 700 DU. Where long transmission lines to a
nearby treated-water source must be provided, this method of providing potable water to small
communities appears uneconomical. In these cases, the use of groundwater should be investigated.

Information from the EPA indicates that potential cross connections between potable- and
nonpotable-water systems may pose some health hazards in small water systems. Disinfection could
be provided to increase system safety and should be considered during the design of a fire pro
tection water system.

3.9.9 Estimated costs of thermal and electrical energy service by conventional models,
Philadelphia climate

The annual owning and operating costs of the conventional system Models C, D, E, and F,
serving a 720-unit garden-apartment complex, are determined in this section. Systems models were
described in Sect. 3.9.3, consumption of electricity and gas fuel and demands needed to size
equipment were determined in Sect.3.9.5, and equipment costs were presented in Sect. 3.4. Esti
mated costs for similar systems and additional details may be found in ref. 1.

3.9.9.1 Model C

Model C is a district heating system similar to MIUS except that all thermal demands are met
with a gas-fired boiler and all cooling is provided by compressive chillers. Table 3.85 lists
components located in the central equipment building and the installed capital cost of each.

Annual owning and operating costs for Model C, excluding fuel and electricity, are shown
in Table 3.86.
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Table 3.85. Capital costs of major components and systems
of Model C serving 720 garden apartments (1972 dollars)

Item

Equipment building components
Compressive chillers
Boil er
Heat exchanger
Ho t wa ter pump
Co1d wa ter pump
Equipment building

Subtotal
Engineering fees, interest and contingency (25%)

Total equipment building
District hot water and chilled water distribution
Electric distributiona
Apartment building items

Total capital cost

aEstimate using a 2.71 kW/apartment demand.

Number

2
2
3
5
4
1

Size

550 ton
400 hp
7 x 106 Btu/hr
20 hp
30 hp
4000 ft2

Cost (10 3 $)

250
63
24
19
33

120
509

127
636
435
256
680

2007

Table 3.86. Annual owning and operating costs for Model C
serving 720 garden apartments (1972 do11ars)a

Annual cost (10 3 $)

Fixed charge @ 15%

Maintenance

Chillers
Miscellaneousb
District HW and ChW system
Electrical distribution
Apartment building equipment
Equipment bui1dingC

Surveillance

Operating &Maintenance subtotal
3Total annual costa (10 $)

aExcluding fuel and electricity.

bBoiler, heat exchanger and pumps.

c l % of direct capital costs.

3.9.9.2 Models D, E, and F

301. 5

10.0
4.2

13.9
5.1

14.4
1.2

5.0

53.8

355.3

These models are believed to more nearly represent the conventional heating, ventilating, and
air conditioning (HVAC) system in use now and in the near future. In Model D, each apartment is
equipped with an air-to-air heat pump for space heating and cooling. Model E has gas-fired heaters
in each building for space and potable-water heating, and space cooling is provided with individual
compressive air conditioner units. Model F uses electric-resistance space heating and individual
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air conditioners. Individual domestic hot-water heaters were used in Models D and F, and both
gas-fired and electrical units were considered.

These models use the same equipment as corresponding models in ref. 1, and capital and
annual costs are summarized in Table. 3.87.

Table 3.87. Capital and annual cost summary for Models D, E,
and F serving 720 garden apartments (1972 dollars)a

Capital cost

Electrical distribution
Apt. building equipment

Total capital cost

Annual cost

Fixed charges @ 15%
Operating and maintenance

Total annual costa

Cost (10 3 $)

Model D Model E Model F

418 374 443
824 902 726

1242 1276 1169

186 191 175
55 47 45

241 238 220

aExcludes fuel and electricity.

3.9.9.3 Annual costs with fuel and electricity

Models C, D, E, and F all purchase electricity from a conventional electric utility, and
costs are based on the marginal cost of the projected mix of new plants using the load factor
of each model, as described in Sect. 3.3.10. Electricity costs were estimated for the years
1975, 1985, and 2000 for each model and, for each year, two design cases were used for the steam
electric plant mix. In one case, all generating plants used once~through cooling, and the new
coal-fueled plants had no sulfur-removal systems. In the second case, the use of cooling towers
and sulfur oxide emission control (by limestone wet-scrubbing) was assumed. Table 3.88 summarizes
gas fuel and electricity consumption and calculated marginal unit costs of electricity for each
of the conventional models. Annual costs for gas fuel and electricity and the resulting total
annual owning and operating costs for each conventional model are listed in Table 3.89.

The marginal cost of electricity for the models varies as a function of both the peak develop
ment load (L p) and the average development load (La). The average development load (La) was
estimated by dividing the total yearly electrical usage of each model by the total number of hours
in a year. The peak development load was estimated by the 1973 ORNL-MIUS hourly computer code.
Model F and Model D (gas) have the same peak development load, since the maximum thermal load
occurs in the winter, during extremely cold outdoor temperatures when the heat-pump system in
Model D heats almost entirely by auxiliary electric-resistance heating, the same as Model F.19

3.9.10 Comparative analysis of substitution of a MIUS for conventional utilities serving an
existing development

This section summarizes a study made to compare MIUS with conventional utilities in the
realistic framework of an existing, successful housing development. 2o
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Table 3.88. Gas and electricity consumption and electricity costs for
conventional models serving a 720-unit garden apartment complex

(Philadelphia climate 1972 dollars)

Electric loads Electricity cost (mills/kWhr)a

C 0.409 1. 95 0.842 0.43 23.9
b

0.20 4.56 1.14 0.25 38.3D (gas)

D (elec.) c 0 5.00 1. 70 0.34 29.2

E 0.456 2.27 0.869 0.38 26.4
b

0.20 4.56 1.39 0.30 32.1F (gas)

Once-through cooling,
no sulfur controlModel

Peak

(L ,MW)
p

Annual
average
(L ,MW)

a

Load
factor

(F
d

)
1975 1985 2000

25.2 27.5

41.1 45.5

31.1 34.2

28.0 30.7

34.3 37.8

Cooling towers,
sulfur removal

1975 1985 2000

26.4 26.8 28.8

42.2 43.6 47.5

32.2 33.0 35.7

29.1 29.8 32.1

35.4 36.4 39.5

aAt development substation.

bGas water heaters.

cElectric water heaters.

Comparisons of the two systems were made relative to fuel consumption, environmental impact,
and private costs to the country (i.e., current marginal costs for incremental services as of
January 1972). In choosing the site for this study, consideration was given to the characteristics
of the MIUS, as well as the community. A medium- to high-density, partially completed and occupied
development called Walden, located near Chicago in Schaumburg, Illinois, was selected. Walden
contains about 155 acres zoned for a unit development to contain about 3000 DU in apartments and
townhouses, a motel, at least 2 office buildings, and a large shopping mall. When the study was
initiated, 473 DU, the motel, and 1 office building were completed and occupied, and this portion
of the development was used for the study. Other dwelling units (475) and a second office building
are under construction. The site is supplied with water, electricity, gas, sanitary sewers, and
storm sewers. The results of this study indicate that the MIUS approach would lead to significant
savings in expenditures for fuel, at only a relatively small penalty in the cost of owning and
operating the Walden Development.

The existing conventional utility system of the site is referred to as the Walden Development.
The alternative utility system referred to as the Live Model is a hypothetical integrated utility
system with district heating and cooling, incineration with heat recovery, and liquid-waste
disposal. The heating and cooling loads, of course, are the same for both cases. The electrical
loads differ because of the different methods used to satisfy the heating and cooling loads.
Capital costs also differ because of the different equipment used to satisfy loads, and energy and
fuel consumption differ because of the different equipment and efficiencies of the two systems.

This evaluation was based on a first design with no effort to optimize the utility system,
although some variations were studied. It was not intended to represent the best possible appli
cation of a MIUS, but it was a study of the application of a MIUS to one existing site. Although
it was desirable that accurate values for air conditioning, space-heating, and domestic hot-water
and electricity loads be used, the findings of the study were not dependent on precise data because
the study primarily deals with differences in the performance of the various energy systems rather
than absolute values.
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Table 3.89. Total annual costs for conventional models C, D, E, and F
serving a 720-unit garden apartment complex (constant 1972 dollars;

Philadelphia climate)

Annual cost Once-through cooling, no SOX Cooling towers and SOX removal
excluding Gas cost control

Model Year energy (10 3 $/yr) Electricity Total annual cost Electricity Total annual cost
(103 $/yr) cost cost

(103 $/yr) (10 3 $) ($/apt.) (103 $/yr) (10 3 $) ($/apt. )

C 1975 355.3 40.87 175.9 572.1 794.6 194.7 590.9 820.7
1985 185.9 582.1 808.4 197.6 593.8 824.7
2000 202.7 598.9 831.8 212.3 608.5 845.1

D (gas)a 1975 241.6 20.0 383.8 645.4 896.4 422.9 684.5 950.7
1985 411.9 673.5 935.4 436.9 698.5 970.1
2000 456.0 717.6 996.7 476.0 737.6 1024.4

D (elec.)b 1975 241.6 0 434.2 675.8 938.6 479.5 721.1 1001.5
1985 462.3 703.9 977.6 491.4 733.0 1018.1
2000 508.4 750.0 1041.7 531.6 773.2 1073.9

E 1975 238.5 45.6 201.0 485.1 673.8 221.5 505.6 702.2
1985 213.2 497.3 690.7 226.9 511.0 709.7
2000 233.7 517.8 719.2 244.4 528.5 734.0

F (gas)a 1975 220.2 20.0 391.8 632.0 877.8 432.1 672.3 933.7
1985 418.6 659.0 915.0 444.3 684.5 950.7
2000 461.4 701.6 974.4 482.1 722.3 1003.2

aGas water heaters.

bElectric water heaters.

The consumption of fuel resources to supply equal services depends on the relative efficiencies
of the two systems. The Walden Development is heated partly by gas firing and partly by electricity
and cooled by motor compressors. For this analysis, the source of electricity for the Walden
Development was taken to be a new coal-fueled power plant with a 37.9% overall thermal efficiency
and no waste-heat utilization. In the Live Model, which utilizes a district heating and cooling
system (the base case), more than 75% of the space heating was by waste heat from the engine gene
rator with the remainder by direct firing; the majority of the air conditioning was by waste heat,
with the remainder by motor compressor. Although the source of electricity is assumed to be
engine generators with an average operating efficiency of 30%, the overall fuel utilization is
about 62%. The overall efficiency of fuel utilization for the conventional utility system is
only 51%; thus, the equivalent annual fuel consumption for the Walden Development, in terms of
natural gas, is 173 x 106 ft 3 , and for the Live Model it is 143.7 X 106 ft 3 , an improvement of

better than 15%.
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The economic analysis consisted of a marginal cost comparison in 1972 dollars. Only those
items not common to both utility systems are included in the capital cost, operating and mainte
nance cost, and energy cost comparisons. Neither metering nor metering charges are included in
either system. Thus, the owning and operating costs shown are partial costs, and the only signifi
cant basis for comparison is the net difference in cost. The total owning and operating cost is
not available. Although the MIUS costs are higher, it is evident that the net difference, because
of choice of utility, is small compared with the total for property of the type in the Walden
Development. A refined MIUS design and cost estimate for energy-type utilities might result in
an owning and operating cost comparable to that estimated for currently existing conventional
services.

Because district heating and cooling for the townhouses were expensive, two other Live Model
systems were estimated. Each alternative eliminated the district heating and cooling system for
the townhouses and was estimated without solid-waste incineration. In one case (option 1), space
heating and domestic water heating were by individual gas-fired units, and cooling was accomplished
by individual electric air conditioners. In the other case (option 2), space heating and cooling
were accomplished by electric air-to-air heat pumps, and domestic water was heated by individual
gas-fired units. Both options were estimated to have lower capital and annual costs but to use
more fuel than the district heating-cooling Live Model. All these Live Model cases were estimated
to use less fuel than the Walden Development.

Energy consumption and the partial and differential costs for energy~type utilities for the
Walden Development and the Live Model are summarized in Table 3.90 and 3.91. Electricity cost
for the Walden development, shown in Table 3.91, was based on generation by a modern coal-fueled
steam-electric plant with a capacity factor of 0.7, resulting in marginal cost at the plant
terminals of 20.2 mills/kWhr. To be consistent with projections used previously in this assess
ment, conventional electricity cost was determined for the mix of new generating plants, with
cooling towers and sulfur removal, becoming operational in the years 1975, 1985, and 2000. Table
3.92 shows the calculated electricity costs at the plant terminals and the effect on the MIUS-to
conventional comparison of total annual costs. Using the electricity cost projections described
in the earlier sections of this report, in which the marginal electricity costs rise from 1975 to
2000, the MIUS owning and operating cost for the Live Model becomes more attractive than the owning
and operating cost for the Walden Development.

The onsite solid-waste incineration case, with heat recovery, was analyzed separately. The
heat recovery reduces the total annual fuel consumption by about 0.4 x 106 ft 3 (which is insignifi
cant) at an increase in the capital cost of $134,000. The annual cost for disposal by incineration
with heat recovery, including credit for the recovered heat, is estimated to be about $44,800, as
opposed to about $8200 for transport and disposal in a large regional landfill. This indicates that
solid-waste incineration does not appear to be economical for small communities. Large MIUS com
munities would be better candidates for solid-waste incineration. Other factors that could improve
the position of onsite solid-waste incineration are expensive hauling and sanitary landfill costs,
increased heat requirements, and higher priced fuel. Inclusion of a heat-intensive treatment,
such as thermal sterilization or distillation of sewage plant effluent in a water recycle scheme,
would make better use of recoverable incinerator heat.
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Table 3.90. Summary of energy-type utility consumptions

Walden
Development

Live Model

Base case Option 1 Option 2

Electrical consumption, 106

kWhr/year
Lighting and appliances
Space heating
Space cooling
Utility building auxiliary

load
Distribution losses
Transmission losses

Total electrical consumption

Gas consumption,a 106 ft 3/year
Direct-fired boilers and
space heaters

Electric generation

Total gas consumption

Heat energy consumed by the
utility system, 109 Btu/year

Heat energy delivered to
consumer, 109 Btu/year

C

Space heating
Space cooling
Domestic hot water
Electricity for lighting and

appliances
Total heat energy delivered

Energy utilization
efficiency, %

8.90
0.91
2.11

o

0.60
0.62

13.14

42.0

131.0b

173.0

155.7

23.5
18.4

7.9
30.3

80.1

51

8.90
o

0.36
0.83

0.45
o

10.54

10.9

132.8

143.7

129.3

23.5
18.4
7.9

30.3

80.1

62

8.90
o

0.45
0.83

0.46
o

10.64

19.1

133.9

153.0

137.7

23.5
18.4

7.9
30.3

80.1

58

8.90
o

1. 32
0.83

0.50
o

11.55

4.0

145.5

149.5

134.6

23.5
18.4

7.9
30.3

80.1

60

aBased on a gas low-heating value of 900 Btu/ft 3 .

bEquivalent gas consumption for electricity generation based on an
efficiency of 37.9%.

cThese are the total annual consumer loads of space heating and
cooling, domestic hot water, and the direct heat equivalent of electricity
supplied to the consumer regardless of the utility system.

Considerable heat can be recovered that is not beneficially used, because of the noncoincidence
of heat availability and heat requirements. Noncoincidences occur on both a short cycle (i.e.,
the maximum space-heating load occurs between 6:00 and 7:00 AM, and the maximum electrical load
occurs between 7:00 and 8:00 PM) and on a long cycle (i.e., during several months, the recoverable
heat is slightly less than the heat required, and during other months, the recoverable heat is
twice the requirement). Heat storage would provide for beneficial use of recovered heat that would
otherwise be unused and, thus, would conserve energy. Calculations were made to evaluate the
effect of heat storage (for several capacities). As shown in Fig. 3.70, fuel savings become quite
significant with a capacity greater than 108 Btu. No change in auxiliary boiler capacity was
anticipated up to a storage capacity of 108 Btu. However, with a storage capacity of 109 Btu,
the auxiliary boiler capacity could be reduced and, thus, save an estimated $2100 per year in
fixed charges. Simple estimates of the annual owning cost for water tank storage indicated that
these storage costs alone exceeded the estimated savings (using a fuel cost of $1/106 Btu).
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Table 3.91. Summary of partial costs and cost differential
for energy-type utilities (1972 dollars)

Walden Live Model
Development Base case Option 1 Option 2

Partial capital costs, 10 3 $
Central equipment building 0 1,716 1,716 1,716
Heated and chilled water 0 332 175 175

distribution
Electrical distribution 440 205 232 232
Building equipment

Townhouse
Furnace and A/C 81 0 77 0
Heat pumps 0 0 0 104
Fan-coil units and pumps 0 32 0 0

Other townhouse and other 576 552 552 552
building equipment

Subtota1 757 584 629 656

Total 1,197 2,837 2,752 2,779

Di fferenti a1 annual cost,
10 3 $/year
Fixed charges @15%/year 180 426 413 417
Maintenance costs 48 74 74 74
Electricity @20.2 mills/kWhr 265 0 0 0
Gas @$1 per 106 Btu 38 129 138 135

Total 531 629 625 626

Net difference in owning and 98 94 95
operating costs, 10 3 $/year

Table 3.92. Effect of projected electric generating plant mix
on the Walden-to-Live-Model comparison of annual cost

(1972 dollars)

1975 1985 2000

Unit electricity cost (mills/kWhr) 26.5 27.0 29.0
Annual electricity cost (10 3 $/year) 348 355 381
TotaJ Walden annual cost (10 3 $/year) 614 621 647
Net annual cost difference (10 3 $/year)

Live Model, base case 15 8 -18
Live Model, option 11 4 -22
Live Model, option 2 12 5 -21

The sensitivity of the base case results was examined relative to the cost of fuel. It was

determined that the partial annual cost would vary as shown in Table 3.93. The cost differential
between the Live Model and the Walden Development increases slightly as the cost of gas increases.
However, since coal will increase in cost, this trend will reverse.

The onsite liquid-waste-treatment case was also analyzed separately. The annual cost for

onsite treatment with a biological plant is estimated to be $38,000 ($91,000 for a physical
chemical plant), as compared with $37,000 estimated for the conventional system. No credit was
taken for water reuse.
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Table 3.93. Partial annual costs (10 3 $/year)
for different fuel costs

Walden Development
at coal cost

($/106 Btu) of:
Gas cost, Live Model
$/106 Btu 0.387a 1.00 base case

1.00 531 607 611
1.50 550 626 675
2.00 569 645 740

aElectricity cost for this coal cost is 20.2 mills/kWhr,
as in Table 3.91.

Environmental impacts from the Live Model were compared with those from conventional utilities
supplying the Walden Development. The estimates show that the Live Model would reduce S02 and
particulate emissions but increase CO, HC, and NOx emissions. Carbon monoxide would be increased
the most, but NOx would be of the most concern relative to Federal Air Quality Standards (FAQS).
Local air quality would be within the FAQS and would not change markedly from air quality due to
operation of the conventional utilities. Incineration, of course, increases atmospheric emissions
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but reduces land and water impacts resulting from landfilling.
treatment would release effluent at a different location, with
effluent quality of the conventional system; physical-chemical
quality liquid effluent.

3.9.11 Summary and conclusions

Onsite biological liquid-waste
no significant difference from
treatment would give a higher-

Section 3.9 is an extensive collection of MIUS-to-conventional model comparisons and sensi
tivity studies on model options that were necessary to determine some primary effects of MIUS
utilization; namely, the effects on energy consumption, private cost of utility services, and
emissions to the atmosphere. The results and conclusions of these studies, as summarized in this
subsection, define some basic characteristics of MIUS technology from which other impacts and
the interactions with various sectors of society are determined.

Although the consumer models considered were limited to the hypothetical 720-unit garden
apartment complex and the actual development at Walden, the studies completed represent a large
number of combinations. The probable types of conventional HVAC systems were represented by four
models (C, D, E, and F); the range of U.S. climate was represented by weather conditions of five
cities; and the probable range of conventional electrical power stations was represented by pro
jections for 1975, 1985, and 2000, with and without environmental protection features. In addi
tion, several options of system design and of consumer requirements were considered in order to
determine sensitivity and trends.

One consumer model analyzed was a hypothetical garden-apartment complex, and the models
designated A, C, D, E, and F represent different systems considered to meet the thermal and
electric energy requirements of the complex. The MIUS model (Model A) supplies all electricity,
space heating and cooling, and domestic water heating from a central equipment building within the
development. Gas-fueled engine-generator sets provide electricity, and recovered engine heat plus
gas-fired auxiliary boilers meet space and domestic water-heating demands. Space cooling is pro
vided by absorption chillers, using engine waste heat, and auxiliary compressive chillers. Heated
and chilled water is distributed to each apartment by a four-pipe district system. When sanitary
utility subsystems are included as an integral part of the MIUS, they are considered to be small,
onsite units that serve only the development under analysis.

The four conventional models (C, D, E, and F) considered for the garden-apartment complex
differ primarily in the HVAC systems used. Electricity for these models was supplied from a
conventional electric utility with generating plants remote from the development. Model C was a
district system with a central equipment building and with hot and chilled water piped to each
apartment, as in Model A (MIUS); however, Model C purchased electricity, used gas-fired boilers
for heating, and chilled water with large electrically driven compressive units. Models D and F
used individual space heating and cooling and water heating systems in each apartment. Air~to~air

heat pumps were used in Model D, and electric-resistance heaters with air conditioner units were
used in Model F. Both electric and gas-fired water heaters (in each apartment) were analyzed for
each model. Model E also used split-unit air conditioners in each apartment, but space heating
and domestic water heating were provided by large gas heaters in each building. Sanitary utilities
were provided conventionally by large, municipal- or regional-sized facilities located away from
the development.

The completion of the various model studies required a large collection of data related to
characteristics of the consumers, and of the MIUS, and of conventional utility systems. Every effort
was made to use accurate and representative data; but the results of this study do not necessarily
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depend on the preC1Slon of input data. The reason stems from the comparative nature of the
model studies; that is, results are expressed as differences or ratios of fuel consumption,
private cost, emissions, etc.

3.9.11.1 Energy consumption without solid-waste incineration

Calculated annual consumption of gas fuel burned on the development site and electricity
purchased from a conventional electric utility for the five utility system models serving a
720-unit garden-apartment complex are summarized in Table 3.94. Similar results from the Live
Model study are listed in Table 3.95.

Table 3.94. Summary of annual consumption of purchased
electricity and gas burned on site for the

720-unit garden apartment complex

Model A Model Model D Model Model F
(MIUS) C Gasa Elect. b E Gasa Elect. b

Purchase electricity
at (10 6 kWhr)C

Minneapolis a 7.25 10.72 16.13 7.30 13.83 19.24
Philadelphia a 7.38 10.02 14.87 7.61 12.21 17.06
Dallas a 8.31 10.16 14.29 9.20 11. 03 15.17
San Diego a 7.15 7.41 11.69 7.24 7.55 11.84
Miami a 8.72 9.98 13.70 9.89 10.05 13.77

Gas fuel (10
10 d

Btu)

Minneapolis 10.13 4.72 2.0 a 5.3 2.0 a
Philadelphia 9.47 3.68 1.8 a 4.1 1.8 a
Dallas 9.49 2.20 1.5 a 2.4 1.5 a
San Diego 8.12 1. 76 1.6 a 1.8 1.6 a
Miami 9.56 1. 32 1.4 a 1.5 1.4 a

aGas water heaters.

bElectric water heaters.

CAt development substation, 5% distribution loss included.

dComponent efficiencies based on 900 Btu/ft3 gas, excludes off-site
electric generation.

Table 3.95. Summary of annual consumption of purchased
electricity and gas burned on site for the

Live Model study

Conventional
Walden

Development
Base
Case

Live Model (MIUS)

Option la Option 2a

Purchased electricity
(106 kWhr) b

Gas fuel (lOla Btu)C

13.78

3.78

a
11.64

a
12.39

a
12.11

UDescribed in Section 3.9.10
bAt development substation, 5% distribution loss included.

cComponent efficiencies based on 900 Btu/ft3 , excludes off-site
electric generation.
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The determination of fuel energy required to provide conventional electricity, and thus
the savings realized by MIUS utilization, depends on the electrical transmission loss and the
net efficiency of the conventional generating plant. As described in Sect. 3.3, the conven
tional generating plants, with which MIUS is compared, consist of the projected mix of steam
electric plants added in the year of interest. Thus, the mix of plants, the fuel used to generate
electricity, and the combined efficiency of the mix all vary with time. Since MIUS and some
conventional models use gas fuel onsite, whereas conventional electricity is generated with new
coal- and nuclear-fueled plants, the only consistent basis of comparison is fuel energy (as Btu)
consumed to meet the constant thermal and electrical energy demands of the consumer model.

Figures 3.71 and 3.72 show the fuel energy savings realized by the use of MIUS* instead of
the listed conventional utility models, for all climates considered, vs conventional generating
plant efficiency. The combined efficiency of the projected mix of plants for 1975, 1985, and
2000 is indicated at the top of each figure for plants with and without environmental protection

features.
Fuel savings from MIUS use for the climates and models considered, for the average efficiency

of 1975 and 1985 generating plants with environmental protection features, are shown in Table 3.96.

Table 3.96. Calculated percentage energy savings of MIUS with respect
to conventional system models, serving a 720-unit garden

apartment complex (average 1975 and 1985 plant
efficiency with environmental protection)

Climate Model F D City
C E (elect.) (gas) (elect.) (gas) avg.

Minneapolis 18.7 23.0 50.5 39.3 41.0 24.3 32.8

Philadelphia 17.8 22.3 47.8 36.0 40.1 24.0 31.3

Dallas 14.0 22.2 41.2 28.3 37.7 22.9 27.7

San Diego 13.3 14.7 35.4 15.7 34.6 14.3 21.3

Miami 9.8 20.5 34.7 21.0 34.6 20.3 23.5

Model average 14.7 20.6 41.9 28.1 37.6 21.2 27.3

Based on the average of each model, MIUS fuel savings increase from the conventional district
system (Model C), to Model E using building gas heaters, to the two electric systems with gas
water heaters [0 (gas) and F (gas)], and finally to the two all-electric systems [0 (electric)
and F (electric)]. The overall average of all models and climate (27.3%) was (coincidentally)
close to the average MIUS-to-Walden energy saving of 26.6%. If Model C is excluded from considera
tion on the basis that conventional district systems are not widely used, the overall average
fuel savings from MIUS use for the garden-apartment complex rises to 29.9%. Although the use of
average fuel savings helps put the potential benefit of MIUS in perspective and simplifies dis
cussion, determination of a valid nationwide average energy savings would have to be weighted by
the potential MIUS market and the anticipated use of each system model in each climate.

The following listed conclusions were drawn from results shown in Figs. 3.71 and 3.72 and
Table 3.95.

*Model A of the garden apartments and the three MIUS options of the Live Model.
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1. As expected, greater energy savings were realized in colder climates, but significant
savin9s were also possible in a year-round mild climate (San Diego) and in a climate
with high cooling and low heating demands (Miami).

2. Energy savings increase as the consumption of conventional electricity (through the
various models) increases.*

3. Energy savings would decrease by a factor of about 0.8 to 0.9 if environmental protec
tion features were excluded from conventional generating plants.

4. Energy savings increase slightly from 1975 to 1985, but then decrease as the more
efficient LMFBR is installed.

The detailed results of the Model A (MIUS) thermal balance in Table 3.53 show that one-fourth
or more of the recovered waste heat was not used. This was due, in part, to a mismatch between the
times when heat was available (high electric load) and when heat was needed and, in part, to the
simple garden-apartment consumer model used. More realistic large developments could be expected
to have recreational facilities such as heated pools, commercial facilities such as laundries,
and perhaps public facilities such as a small hospital. Such facilities, which increase the
thermal requirements on the utility system, would markedly increase the potential energy savings
of MIUS use.

3.9.11.2 MIUS fuel consumption with solid-waste incineration

Section 3.9.5.3 compared the fuel consumption of Model A (MIUS) with solid-waste incineration
(including heat recovery) to that without, for five climatic conditions. With the assumed regular
burning schedule and no heat storage, waste incineration slightly decreased total fuel consumption
in Minneapolis, had no effect in Philadelphia, and increased fuel consumption in the other cities.
On this basis, waste incineration was not economically feasible; but there were the following
conditions that might not be valid for a more realistic consumer model.

1. Purely residential solid-waste was assumed, which required 20% auxiliary fuel for complete
combustion (addition of commercial waste would reduce fuel requirements of incineration).

2. The garden-apartment model had an excess of recoverable waste heat before incineration
was added.

3. Trash was burned on a regular schedule which did not necessarily correspond to peak
thermal demands.

3.9.11.3 MIUS fuel consumption with heat storage

The use of thermal energy storage as hot water was examined in Sect. 3.9.5.6 as one method
by which the use of recoverable waste heat could be improved. The case considered was for Model
A (MIUS), with and without solid-waste incineration, serving the garden-apartment complex in
Philadelphia. By comparing the owning and operating costs of the hot-water storage tank with
the value of fuel saved, the optimum storage capacity was determined to be ~4.0 x 107 Btu, and
the break-even fuel cost was determined to be ~$5.20/106 Btu without incineration and ~$2.25/106

Btu with incineration. t Net cost savings would be realized if gas fuel prices were above the
break-even cost.

*This observation may be especially significant since projections show an increasing use of
residential electric space heating and cooling with time.

t Gas fuel at $1/103 ft 3 corresponds to $1.11/106 Btu.
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Fuel consumption of Model A was reduced 4.68% with incineration and 2.1% without incineration,
which would slightly improve MIUS-to-conventional energy consumption comparisons.

3.9.11.4 MIUS fuel consumption trends from sensitivity studies

Several sensitivity studies reflecting variations in consumer demands or MIUS equipment were
completed. The following listed observations summarize results based on Model A in Philadelphia.

1. The use of medium-speed diesel engines, which had better efficiency and less waste heat,
instead of gas engines for MIUS resulted in 4% less fuel consumption, but higher costs
of diesel fuel and fuel storage facilities would probably offset any monetary savings
from reduced fuel consumption.

2. A change of controlled residential indoor temperature from 72°F (winter) and 75°F (summer)
to 68°F (winter) and 78°F (summer) decreased the fuel savings of Model A (MIUS) compared
to Model C in Philadelphia by a factor of 0.71.

3. Variation of domestic electrical consumption caused no significant change in the fuel
comparison of Model A to Model C in Philadelphia, over the range of 5500 to 6500 kWhr/year
per apartment.

4. Increasing potable hot-water requirements by a factor of 3 (20 to 60 gal/apartment)
increased Model A-to-Model C fuel savings in Philadelphia by a factor of 1.33.

5. A change in residential thermal insulation from current FHA standards to previous values
increased absolute fuel consumption of Model A and Model C in Philadelphia by ~7% but
made no significant change in the Model A-to-Model C comparison.

3.9.11.5 Comparison of total annual emissions to the atmosphere from MIUS and conventional models

Air pollutants from the thermal and electrical subsystems of the MIUS model were compared
with those from four conventional utility models (and two additional variants of the conventional
utility models). The comparisons were made for CO, HC, NOx, S02' and particulates in five climates
for the forecasted mix of new plant types in 1975. These comparisons were extended to encompass
the period of 2000. The approximate range of ratios [MIUS (with gas engines) to conventional
utilities] was:

Range of MIUS to conventional concentration ratios for:
Year GO HC NOx S02 Particulates- -
1975 5-10 1.6-2.6 4-9 <0.003 0.2-0.4
1985 7-15 1.8-4.3 6-15 <0.003 0.3-0.7
2000 11-20 2.0-6.4 9-21 <0.003 0.5-1.0

For diesel engines, NOx would be decreased by a factor of about 2, and S02 would be increased
by a factor of about 500.

The NOx was estimated to be the major pollutant from a MIUS using either gas or oil fuel.

3.9.11.6 Private-cost comparisons of MIUS and conventional system models

Cost estimates for the various MIUS and conventional utility system models required to serve
garden-apartment developments in a Philadelphia climate were completed in Sect. 3.9. All costs
were estimated on the basis of constant 1972 dollars and the incremental new facilities and fuel
sources required to serve the housing development under consideration. The MIUS thermal and
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electrical energy subsystems were analyzed for three sizes of garden-apartment developments in
Sect. 3.9.7, and conventional model costs of this subsystem for the 720-unit complex were determined
in Sect. 3.9.9. Gas fuel cost, from new sources, was based on a fixed unit price of $1/10 3 ft 3 ,

and the sensitivity of annual cost to varying gas cost for all models is shown later in this summary.
The cost of electricity to conventional models, however, was based on the projected mix of new
generating plants added in each year and did vary with time. The sensitivity of annual cost to
the unit cost of electricity is also shown later in this summary.

In Sect. 3.9.8, annual-cost estimates for several options of MIUS and conventional sanitary
subsystems were completed for three sizes of garden-apartment developments. Costs of these sub
systems were considered invariant with climate and time. Costs of onsite distribution and collection
methods were assumed to be identical for MIUS and conventionally served developments and were not
included.

Resulting annual owning and operating costs of the conventional thermal and electrical energy
subsystem models serving 720 garden apartments are shown vs time and central-station plant design
in Table 3.97. Models D, E, and F represent HVAC systems that are complete within individual
apartment buildings; therefore, unit cost would not be expected to vary with the number of buildings
in a development. The unit cost of the conventional district system (Model C), however, would vary
with development size; but this model does not represent a widely used conventional system, and
only the 720-unit case was estimated. The projected unit cost of electricity increased with time
because of the changes in the mix of steam-electric plant types, the generating efficiency of the
mix, the cost of coal for fossil plants and the fuel cycle cost for nuclear plants over the years
1975 to 2000. The use of environmental protection features such as cooling towers and sulfur
removal systems also increases electricity costs. The effect of the projected increase in
electricity costs on the annual costs of the conventional thermal-electric energy subsystems is
shown in Fig. 3.73.

Owning and operating costs for all MIUS and conventional subsystems considered to serve the
three sizes of garden-apartment developments are summarized in Table 3.98. Although private
onsite or offsite sanitary landfills may be a part of MIUS, it is difficult to distinguish between
MIUS and conventional landfill without specific local data; thus, it is not shown as a MIUS option.
Physical-chemical liquid-waste treatment was considered too expensive for extensive use as a
conventional utility, and conventional water supply was assumed to be surface water. The cost
listed for the conventional thermal and electrical energy subsystem with pollution-control fea
tures was an average of Models C, D, E, and F and of the years 1975 and 1985.

Assuming that the MIUS concept is somewhat flexible in order to best serve any particular
consumer, we can make certain subsystem selections based on the cost data in Table 3.98. In
these garden-apartment developments, use of heat recovered from MIUS solid-waste incineration
just balanced the auxiliary fuel required for complete combustion, and the annual cost is $38 to
$154/DU more than the cost of conventional sanitary landfill. Annual costs would be about $37/DU
less if all heat from solid-waste and auxiliary fuel combustion could be used instead of gas fuel;
thus, incineration could be competitive with sanitary landfill in some large developments. For
this study, however, it is concluded that incineration costs more and has no apparent advantages
with respect to externalities. The most reasonable choice is to dispose of solid waste by sanitary
landfill, which was assumed to cost the same as conventional landfill. Special local problems,
such as scarcity of approved landfill sites or distance from the landfill, would be reflected in
the market as increased private cost that would lead to a different conclusion about use of
incineration.
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Table 3.97. Summary of electric and thermal subsystem annual costs
for conventional models serving 720 garden apartments

(Constant 1972 dollars; Philadelphia climate)

1-thru cool ing, Cooling towers,
Model Year no SOx control a SOx controla

(103 $) ($/apt. ) (l03 $) ($/apt. )

C 1975 572 794 591 821

1985 582 808 594 825

2000 599 832 609 845

b
D (gas) 1975 645 896 685 951

1985 674 935 699 970

2000 718 997 738 1024

D(elect) c 1975 676 939 721 1002

1975 704 978 733 1018

2000 750 1042 773 1074

E 1975 485 674 506 702

1985 497 691 511 710

2000 518 719 529 734

F(gas)b 1975 632 878 672 934

1985 659 915 685 951

2000 702 974 722 1003

aRefers to design of conventional steam-electric plants.

bGas water heaters.

cElectric water heaters.

Biological liquid-waste treatment was the only system considered for the conventional utility
and appears to be the best choice for MIUS. Well-designed and competently operated biological
package plants can meet all effluent-quality regulations, at least to 1986, and were estimated
to be about $80 to $llO/DU cheaper annually than packaged physical-chemical plants over the size
range considered. Conventional system costs in Table 3.98 represent national average marginal
costs per new customer, but collection main costs are a significant part of the total and would
be sensitive to site-specific conditions.

Sensitivity to transmission cost is also indicated by the conventional potable-water system
costs shown for 0, 1, and 5 miles of transmission and conventional liquid-waste costs with 0, 1,
and 5 miles of new sewer mains. Small communities generally use a well supply if possible, and
it was shown to cost less than a conventional surface supply system for all but the 288-unit
complex (even without distribution); thus, the groundwater supply system appears to be the best
choice for MIUS.

Figure 3.74 shows annual unit costs of MIUS and conventional systems vs development size
for 1975, 1985, and 2000. Each system includes all utilities, small onsite facilities for MIUS
and remote municipal-size facilies for conventional systems, with the exception that MIUS used
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sanitary landfill for solid-waste with an annual cost assumed to be the same as for conventional
landfill. The three conventional cost curves in Fig. 3.74 are identical systems, except that
the offsite potable-water transmission and liquid-waste interceptor vary from 0 to 5 miles.

Figure 3.74 shows three general trends in the MIUS-conventional cost comparison. The first
trend is illustrated by looking at the three graphs. Conventional utility costs increase with
time, whereas MIUS remains the same. This is a result of the projected increased cost of elec
tricity generated by the mix of base-loaded power plants shown in Table 3.88. Costs for fuel
are held constant since an increase in one is believed to eventually increase the others.

Second, Fig. 3.74 shows that, as the length of potable-water transmission and liquid-waste
interceptor for conventional utilities increases, MIUS costs become more attractive than the
conventional utilities. From the years 1975 to 2000, MIUS annual costs (line D) for 288 DU
range from about $200 to $150/DU more than conventional services with no potable-water or
liquid-waste transmission (line C). However, in comparison with conventional models requiring
longer potable-water and liquid-waste mains, MIUS breaks even at about 2 miles of transmission
line, and MIUS costs $400 to $425/DU less annually than conventional models requiring 5 miles
of transmission (line A).

The third general trend, shown by the graphs in Fig. 3.74, is that as the size of the housing
complex being provided utility service increases, the cost savings of installing a MIUS increases.
To illustrate this trend, compare MIUS with the conventional model requiring no additional cost
for potable-water transmission and liquid-waste interceptor. In this comparison, MIUS costs break
even to the conventional at 650 and 500 DU, going from the years 1975 to 2000.

The sensitivity of annual cost to a change in the percentage fixed-charge rate vs development
size is shown in Table 3.99 for MIUS and conventional utilities serving a garden-apartment develop
ment. As discussed for Fig. 3.74, MIUS includes the Model A thermal-electric subsystem, sanitary



Table 3.98. Summary of MIUS and conventional subsystem costs for three sizes of garden apartment complexes
(1972 dollars; Philadelphia climate)

Annual cost (10
3 _$) Annual cost per apartment ($/DU)

SUbsystem

Solid Waste

288
MIUS

no 2880
Conventional

288 720 2880
MIUS

288 720 2880
Conventional

288 720 2880

Incineration,
with heat recoverya

I~~i~:~:t;~:~veryb
Sanitary landfill

Liquid Waste

Biological treatment
Physical-chemical

treatment
I-mile interceptorC

5-mile interceptorC

Potable Water
Well supply
Surface supply
l-mile transmissionc
5-mile transmissionc

Fire protection
water

47.3

34.0

23.9
56.3

51.6
91.4

14.6

58.7

52.1

43.2
109.3

63.8
117.2

25.9

137.0

144.5

97.2
337.6

217.6
305.7

81.2

5.00

4.29

2.88

8.6

6.0
29.6

51.1
29.1

145.5

(d)

12.51

10.72

7.20

21.9

14.7
73.5

88.5
29.1

145.5

(d)

50.03

42.88

28.80

87.6

58.8
294.0

326.5
39.4

189.4

(d)

164

118

83
195

179
317

50

82

72

60
152

89
163

36

48

50

34
117

76
106

28

17

15

10

30

21
103

177
101
506

(d)

17

15

10

30

21
103

123
40

202

(d)

17

15

10

30

21
103

113
14
66

(d)

W
I

N

-l'>

Electric & thermal
energy~

1975
1985
2000

283.3 602 •.4 2112.1 258.4
262.7
276.2

645.9
656.8
690.4

2583.6
2627.2
2761.6

983
983
983

837
837
837

733
733
733

897
912
959

897
912
959

897
912
959

aFuel for MIUS incinerator and credit for recovered heat included in energy subsystem costs. Conventional
incinerator costs do not include credit for recovered heat which at $1 per 106 Btu and 50% efficiency of heat
usage would have a value of $14 per DU.

blncludes auxiliary fuel.

cThe liquid waste interceptor and potable water transmission lines serve only the apartment development.
d
Fire-protection costs included in potable water costs.

eConventional is average of Models D, E, and F with central station pollution control features.

I
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ORNL-DWG 76-6287

(A) CONVENTIONAL UTILITIES WITH 5 MILES OF TRANSMISSION
(B) CONVENTIONAL UTILITIES WITH 1 MILE OF TRANSMISSION
(C) CONVENTIONAL UTILITIES, NO TRANSMISSION
(D) MIUS UTILITIES
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Fig. 3.74. Annual cost VS development size of MIUS (Model A) and conventional utilities
serving a garden-apartment development in a Philadelphia climate, for 1975, 1985, and 2000.
(Conventional is the average of Models D, E, and F; generating plants with controls; constant
1972 dollars.)
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Table 3.99. Annual cost increase per unit increase in percentage fixed
charge rate for garden apartment complex utilities

(1972 dollars; Philadelphia climate)a

Utili ty Model b
Total Cost Increase

(103 $)
Unit Cost Increase

($/DU)

288 720 2880 288 720 2880

MIUS

Conventionalc
17 .9 35.3 126.3 62.2 49.0 43.0

I-mile transmission

5-mile

10.9

20.2

21. 7

33.4

81.8

113.5

37.8

70.1

30.2

46.4

28.4

39.4

a15% to 16% fixed charge rate.

bModels include electrical-thermal energy, liquid-waste and potable-water
subsystems.

cElectrical-thermal energy subsystem is average of Models D, E, and F.

landfill, biological liquid-waste treatment, fire protection water, and a potable-water subsystem
with a well supply. Conventional utility models shown include a thermal-electric subsystem,
which was an average of Models D, E, and F; sanitary landfill; biological liquid-waste treatment;
and a potable-water subsystem with surface-water supply and both 1- and 5-mile transmission dis
tances. The fixed-charge rate on the capital investment in conventional steam-electric plants
was held constant at 15% in this sensitivity analysis.

With one exception (288 apartments with 5 miles of water transmission), MIUS requires a
higher capital investment than the conventional utility models; therefore, MIUS annual cost
is more sensitive to the fixed-charge rate. As shown in Fig. 3.74, the annual cost of MIUS
for 720 apartments was about $70/DU less in 1985 than conventional utility costs with l-mile
water transmission and liquid-waste interceptors. However, annual costs would become equal if
the fixed-charge rate for MIUS was increased from 15 to about 17%/year, while that for conventional
utilities was held constant at 15%/year. If MIUS and conventional utilities were assumed to have
equa1 fi xed-charged rates, an increase to 24%/year woul d be requi red for the annual costs of these
two models to be equal.

Figures 3.75 and 3.76 indicate the annual-cost sensitivity of the thermal-electric energy
subsystems serving 720 apartments to gas fuel and electricity costs. In Fig. 3.75, conventional
electricity cost was held constant at the 1975 value (with controlled plants) and gas fuel cost
was varied from $0.50 to $2/1000 ft 3 • Gas consumption of conventional models does not include
electrical generation, since the projected conventional steam-electric plants used coal and nuclear
fuel. On this basis, MIUS consumes the most gas fuel, and the annual cost of this subsystem sur
passes conventional system costs as gas cost increases.

In Fig. 3.76, gas fuel cost is held constant at $1/1000 ft 3 , and the cost of conventional
electricity is varied from 20 to 55 mills/kWhr. As a comparison of electricity cost with fuel
cost, an increase in "as-burned" coal cost of $l/ton would increase the cost of conventional
electricity to the 720-unit garden-apartment development by 0.42 mill/kWhr, based on generation
with a 36.3%-efficient coal-fueled plant, 25 x 106 Btu per ton of coal. Projected values of
electricty cost for each conventional model were shown in Table 3.88. Annual costs of conventional
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Fig. 3.75. Effect of gas fuel cost on the annual cost of thermal-electrical energy
subsystem models serving 720 apartments in Philadelphia (generating plants with controls,
constant 1972 dollars).

models increase sharply as the cost of electricity increases. The annual cost average of Models
D, E, and F would be greater than that of MIUS if the cost of electricity was above 31 mills/kWhr.
In comparison, the projected electricity cost with emission-controlled plants (shown in Table 3.88),
averaged over these same models, ranged from 26 to 48 mills/kWhr, over the years 1975 to 2000.
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thermal-electrical energy subsystem models serving 720 apartments in Philadelphia (constant
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HIGHLIGHTS OF SECTION 4

The aim of Sect. 4 is to identify and analyze the nontechnical societal characteristics
that may accelerate, dampen, or otherwise affect the widespread application of MIUS technology.
A primary objective is to estimate new utility service requirements throughout the nation to the
year 2000 and to estimate the extent of potential MIUS use. Various sectors of society are ana
lyzed with respect to their influence on MIUS application, either directly by affecting the
potential MIUS market, or indirectly by affecting MIUS owners or other interest groups. Societal
characteristics influencing the market, the responsibilities of owners, and the attitudes of con
sumers and other interest groups may also affect the impacts of MIUS on society (the subject of
Sects. 5 and 6). Thus, this section is also intended to characterize the societal environment
with which MIUS interacts.

Section 4.1 (National Goals and Policies) illustrates general national policy anddirec
tion with respect to energy; environmental protection; water reuse; solid waste; air, water, and
noise pollution; land use; and housing. Any effect of national policy on MIUS could only be to
encourage and promote its use if objectives of the MIUS program are met.

Section 4.2 (Implementation Strategies of National Goals) examines the general responsi
bilities and actions of federal, state, and local government agencies that may interact with
MIUS. Topics considered parallel the categories of national goals in Sect. 4.1.

Section 4.3 (Existing Air Quality and Characteristics of Pollutants) compares the existing
air quality in 25 urban and rural locations with Federal Air Quality Standards. In addition, the
effects of various pollutants vs concentration are described. This section provides a basis for
the analysis of MIUS impact on air quality.

Section 4.4 (Potential MIUS Market) characterizes the current residential-commercial
sector of the U.S. housing market and makes projections of what this sector will be in the future.
It was found (1) that about half the new residential units will be of the multifamily type,
(2) that the rate of hous i ng demand up to the year 2000 is about 3 mill ion units per year, and
(3) that, although many current housing projects are too small to be served by MIUS, there are a
substantial number that are large enough (14% of the market consists of 200-unit, or larger, '
projects) .

Section 4.5 (Supply and Demand of Fuel Resources) describes the fossil- and nuclear-fuel
demands and supplies. Projections for~pecific fossil fuels are uncertain because of (1) recent
disruptions in oil supply and (2) recognized shortages of natural gas and coal because of the
inabil ity to extract them in the amount des ired. Nucl ear power reactors for generati ng e1ectri
city wi 11 be of the pressurized-water reactor (PWR), boi ling water reactor (BWR), and
high-temperature gas-cooled reactor (HTGR) type until they are superseded by breeder reactors,
which are projected to be operational sometime after 1985.

Section 4.6 (Supply and Demand of Water Resources) describes the water supply, quality,
and demand. Though there is no national water deficiency, there are many areas in the
United States experiencing increasing difficulty in obtaining water of adequate quality. There
is a continuously rising demand for water, and MIUS presents a possibility of reducing water
requirements by using treated liquid waste for process water. Six water-poor regions in the
United States are identified.

4-1
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Section 4.7 (Solid-Waste-Disposal Requirements) describes the magnitude of the solid-waste

disposal problem and concludes that costs for collection and disposal will continue to increase.
Section 4.8 (Projected Liquid-Waste-Treatment Requirements) gives the status of liquid

waste treatment in the United States and also projects the waste-treatment requirements to the
year 2000.

Section 4.9 (Legal Considerations) indicates that much depends on whether MIUS is classi
fied as public or private. If public, it is certain to be regulated by government at all levels.
If private, MIUS would not completely escape regulation because government is increasingly in
terested in environmental factors such as zoning, health and safety, environmental impact, and
general-public-interest impacts. Other legal factors pertain to franchising, duty, and
liability. Generally, MIUS, although unique in structure, will probably not be unique in its
treatment by the law. General utility law, which is based on the public welfare and public
interest, would be applicable. Courts would be inclined to construe franchises strongly in the
public interest. Any reduction in environmental impacts and increase in resource conservation
due to the use of MIUS would be viewed favorably by the law.

Section 4.10 (Psychological and Social Influences on Public Acceptance of MIUS) is based
on the technical and physical characteristics of MIUS described in Sect. 3, theoretical work
from psychology and sociology, and extrapolations of published research data. Incontrast
to other parts of this assessment, it was considered appropriate to focus this analysis on the
time period immediately following the introduction of MIUS. Consumer attitudes and resulting
behavior would likely depend on the information received, which will be strongly affected by the
operation of early MIUS installations. Probable positive and negative attitudes of neighboring
community sectors are analyzed together with the possibilities of organized group resistance.
Although it is currently unclear how electric utilities will react to MIUS, their reactions will
be important.

Section 4.11 (Home Builders) presents facts and ideas concerning major home builders, the
investment decision, and financing. There are already several hundred home builders large enough
to implement MIUS. The manner of making the investment decision used by large firms is given, as
is the anticipated source of finansing for current housing developments.

Section 4.12 (Standards for Housing Developments and Related Commercial Facilities) de
scribes recommendations for housing density as a function of type and height of buildings, and
it descri bes 1and to be all oca ted for recrea ti ona1 uses. The average number of commerc ia1 and
service facilities per unit of population is also included. This section provides general ref~

erence data related to development characteristics, but to establish specific "typical" models
for future housing was not practicable.
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4. STATE-OF-SOCIETY ASSUMPTIONS

In this section, the nontechnical societal characteristics that may accelerate, dampen, or
otherwise affect the development and application of MIUS technology are identified and discussed.
These characteristics may also feel an impact from technology. The objectives of discussions on
the state of society are

1. To identify problem areas that may limit the application of MIUS and its beneficial
impacts.

2. To identify characteristics that properly reduce harmful impacts of MIUS.
3. To project conditions in the absence of MIUS that may be altered by the application

of MIUS.
Even though we cannot hope to project the total societal state of the nation, a discussion

of the characteristics that influence MIUS application and impacts is necessary and, again, we
make use of any applicable published projections. Topics considered include

1. National goals and policies.
2. Projected population growth, housing demands, and MIUS market.
3. Projected demands; supply and costs of resources such as fuel, water, and land;

and the effect of liquid- and solid-waste utilities.
4. Aspects of air quality, land, and water management.
5. Institutional and legal factors.
6. Capability and investment decisions of large home builders.
7. Psychological and social factors.
Generally, the projections and conclusions within this section are based on current and past

experience and the assumption that the state of any sector of society varies smoothly and rela
tively slowly with time. Any possibility of catastrophic nationwide perturbations which could
result from conditions such as collapse of the legal, political, or economic systems or major
global warfare has not been considered. Even more credible circumstances, which can be specu
lated but not predicted with wide acceptance, can arise and drastically affect society in a short
time. As an example, the cumulative impacts of the oil embargo and various national programs
such as the Occupational Safety and Health Administration (OSHA), coal-mine safety, and environ
mental protection have resulted in "step" changes that make currently available projections obso
lete. There is still considerable disagreement about projections of fossil-fuel availability
and cost (i.e., the shortages experienced in the first quarter of 1974 may be only a minor
fluctuation in the long-range trends, or they may set a new irreversible trend).

4.1 NATIONAL GOALS AND POLICIES

National policy is defined for these discussions as the guiding principles and programs set
forth in U.S. federal legislation, as interpreted by relevant U.S. court decisions and implemented
by bureaus and agencies of the Executive Office of the federal government. In this sense, a
national policy is a viable tool for implementing the perceived values and goals of the American

people.
The term, national policy, will be restricted to discussions of policies or portions of

policies that may condition the application of MIUS technology. The selected policies discussed
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in the text should not be construed as exclusive or inconsistent with the stated purpose or goals
of other federal legislation. As an example, a pol icy that encourages and supports development
of energy resources should not be interpreted to exclude a policy that may simultaneously en
courage and support environmental protection. Therefore, national policies may represent a wide
variety of values and goals and may also include an assignment of priority as determined by
various constraints (i.e., economic, social, or national security).

The national policies considered relevant to MIUS technology application are discussed in
the following sections of this chapter. Because the policies and goals of some national legis
lation are very extensive, the scope of such legislation was restricted to selected consid
erations of municipal-type problems. Specific reference is made to the scoping of national
goals to municipal-type pollution.

4.1.1 Energy

Of the recent national goals and commitments proclaimed by the Federal government, none
have received more emphasis than the need for a coordinated national energy policy. The
October 1973 oil embargo dramatized the nation's dual dilemma of dwindling fossil-fuel
reserves - especially petroleum and natural gas - combined with an increasing dependence on
foreign energy sources. The nation has become acutely aware of this precarious energy situa
tion which threatens domestic, economic, and social stability. Further, the nation's inter
national stature and policy decisions may be subject in the future to the influence of foreign
energy-producing nations.

The challenge imposed by the energy problem carries with it an opportunity to reassess the
nation's current energy position and to seek to establish a new direction for achieving energy
self-sufficiency.l

Project Independence was the first governmental blueprint for achieving various levels of
energy independence from foreign fuel sources, as well as considering the costs and conse
quences of doing so. As a result of these studies and the recognized need to solidify the
nation's energy policy, Congress passed the Energy Reorganization Act of 1974 (Public Law
93-438). The act reorganized and consolidated certain functions of the federal government into
the Energy Research and Development Administration (ERDA). Pursuant to its mandate, ERDA has
estab1i shed the foll owi ng national goals in an attempt to deal wi th current energy prob1ems and
to direct future energy policy.

Maintain the security and policy independence of the Nation.
Maintain a strong and healthy economy, providing adequate opportunities
and allowing fulfillment of economic aspirations (especially in the less
affluent parts of the population).
Provide for future needs so that future life styles remain a matter of
choice and are not limited by the unavailability of energy.
Contribute to world stability through cooperative international efforts
in the energy sphere.
Protect and improve the Nation's environmental quality by assuring that pre
servation of land, water, and air resources is given high priority.2

In addition to these broad national goals, ERDA has focused attention on attainment of th~

following high-priority national goals through improved energy utilization.
achievement of a substantially greater degree of energy self-sufficiency - par
ticularly with regard to minimizing current U.S. dependence on imported oil and
gas;
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improvement of the competitive position of energy-intensive U.S. business and
industry in domestic and world markets;
providing sufficient energy at reasonable prices to support U.S. social and
economic development objectives; and
ensuring that energy resource management in the private sector is compatible
with national priorities and that federal energy conservation programs and
policies are sensitive to local and regional issues. 2

As a means of attaining these objectives, the ERDA research, development, and demonstration
program has defined the following three key functional elements.

base technologies that are simultaneously applicable across a number of energy
supply and fuel cycles. These emphasize systems for more efficient management
and utilization of energy through improved conservation, storage, transmission
and distribution techniques;
technologies that are specific to critical energy consuming activities such as
transportation, space heating and industrial processing; and
interprogram applications that include research portfolio selection, multisector
technology development and assessment, public policy evaluation and technology
transfer. 2

Congress is also attempting to pass legislation aimed at providing a formal national energy
policy. The fate of this legislation is still undecided; however, the following considerations
are likely to be included in any proclamation of national energy policy.

1. A national energy policy to educate and condition the public to the problems (costs)
and solutions of energy generation and utilization.

2. The policy should promote and implement accounting for the total cost of energy
generation, including currently hidden or indirect social cost.

3. The policy should promote the conservation of energy, especially energy supplied by
rapidly depleting nonrenewable resources such as fossil fuels.

4. New methods and forms of energy generation and distribution must be promoted to
establish a climate for easier acceptance of new technology. 3

4.1.2 Environmental

4.1.2.1 National Environmental Policy Act

Numerous uncoordinated pieces of legislation have been aimed at controlling abuse of the
environment in the.200-year history of the United States. These laws were randomly enforced and
generally ineffective until 1969 when the National Environmental Policy Act (NEPA)"united them
under one charter. In addition to providing a unifying force for existing legislation, NEPA
presented the first congressional declaration of national environmental goals and policies.

The goals of the federal government are to
fulfill the responsibilities of each generation as trustee of the environment
for succeeding generations;
assure for all Americans safe, healthful, productive, and aesthetically and
culturally pleasing surroundings;
attain the widest range of beneficial uses of the environment without degradation,
risk to health, or safety, or other undesirable or unintended consequences;
preserve historic, cultural, and natural aspects of our national heritage and
maintain whenever possible, an environment which supports diversity and variety
of individual choice;
achieve a balance between population and resource use which will permit high
standards of living and a wide sharing of life's amenities; and
enhance the quality of renewable resources and approach the maximum attainable
recycling of depletable resources. 3
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Further recognlzlng the critical importance of restoring and maintaining environmental qual
ity to the overall welfare of the public, the federal government declared, " ... it is the
continuing policy of the Federal government, in cooperation with State and local governments,
and other concerned public and private organizations, to use all practicable means and measures
... to create and maintain conditions under which man and nature can exist in productive
harmony. "3

4.1.2.2 Air guality

The national legislation concerning atmospheric emissions and air quality constitutes one
of the oldest and largest volumes of law concerning environmental pollution. The Air Pollution
Control Act of 1955 (Public Law 84-159) initiated a series of clean-air acts which ultimately
served as the organizational template of the National Environmental Policy Act. Beginning with
the 1955 act, the federal government formally recognized that air pollution was a threat to the
nation's air resources and that federal involvement was essential to prevent and control air
pollution. The act authorized funding for research, surveys, collection and dissemination of
information, and personnel training. The culmination of the series came with adoption of the
Clean Air Act (42 USC 1857 et seq.) and its subsequent amendments (Public Law 91-604). With
this legislation, Congress assumed complete responsibility for establishment of a national
air-quality ethic. Congress defined the role of the federal government by stating that the pur
poses of the act were

to protect (and enhance, 1970 Amendments) the Nation's air resources so as to
promote the public health and welfare and the productive capacity of its population;
to initiate and accelerate a national research and development program to achieve
the preservation and control of air pollution;
to provide technical and financial assistance to State and local governments in
connection with the development and execution of their air pollution prevention
and control programs; and
to encourage and assist the development and operation of regional air pollution
control programs. 4

The act and its amendments also expanded the role of the federal government into the follow-
ing areas:

1. Designation of air-quality regions across the country.
2. Establishment of federal emission and air-quality standards.
3. Mandatory submission of implementation, maintenance, and surveillance plans for

achieving air-quality goals in each region.
4. Establishment of national automotive standards with dates of compliance.
5. Expanded enforcement capabilities to achieve these standards and goals.
With the passage of NEPA, all federal activities related to air pollution were transferred to

the Environmental Protection Agency (EPA), which has not only continued the original mandate but
has expanded its scope and jurisdiction. The EPA has taken an active role in developing and en
forcing emission standards for protection of both the public and the environment. At present,
the responsiveness of this agency to protect and enhance the nation's air resources appears to be
consistent with the goals and purposes proposed in the Clean Air Act.

4.1.2.3 Noise

The term "noi se" is not generally regarded as synonymous wi th ai r poll uti on; however, the
Senate Air and Water Subcommittee ensured that noise would be considered a pollutant by requiring
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the EPA to initiate a study of noise as part of the Clean Air Amendments of 1970. The result of
this action was the congressional passage of the Noise Control Act of 1972 (Public Law 92-574),
which gave the EPA authority to set standards for major sources of noise. Congress considered
major sources of noise to be transportation vehicles and equipment, machinery, appliances, and
other products of commerce.

Congress further stated that "it is the pol icy of the Uni ted States to promote an envi ron
ment for all Americans free from noise that jeopardizes their health or welfare. To that end,
it is the purpose of this Act to establish a means of effective coordination of Federal research
and activities in noise control, to authorize the establishment of Federal emission standards
for products distributed in commerce, and to produce information to the public respecting the
noise emission and noise reduction characteristics of such products. "5

The broad federal powers granted the EPA are designed to supplement the authority of state
and local governments to set limits on the use of such noisemaking devices as noted above.

Protection of workers from unacceptable levels of noise pollution is under the jurisdiction
of OSHA. Standards and regulations proposed by OSHA are considered to govern industrial safety
and thus are not included in this assessment.

The Department of Housing and Urban Development (HUD) has the stated policy "to foster the
creation of controls and standards for community noise abatement and control by general purpose
agencies of State and local governments, and to support these activities by minimum national
standards by which to protect citizens against the encroachment of noise into their communities
and places of res i dence. "6

4.1.2.4 Solid wastes

Federal attempts to control conventional solid-waste-disposal practices can be traced to
the Refuse Act of 1899 (33 USC 407) in which it was declared unlawful to dispose of refuse
matter in navigable waters or tributaries of navigable waters of the United States. The act
lapsed into obscurity until more direct federal involvement was initiated with the passage of
the Solid Waste Disposal Act in 1965 (Public Law 89-272). The Solid Waste Disposal Act
proposed

to promote the demonstration, construction, and application of solid waste
management and resource recovery systems which preserve and enhance the quality
of air, water, and land resources;
to provide technical and financial assistance to States and local governments
and interstate agencies in the planning and development of resource recovery
and solid waste disposal programs;
to promote a national research and development program for improved management
techniques, more efficient organizational arrangements, and new and improved
methods of collection, separation, recovery, and recycle of solid wastes, and
the environmentally safe disposal of nonrecoverable residues;
to provide for the promulgation of guidelines for solid waste collection, trans
port, separation, recovery, and disposal systems; and
to provide for training grants in occupations involving the design, operation,
and maintenance of solid waste systems. 7

This act was subsequently amended in 1970 by the Resource Recovery Act (Public Law 91-512),
which substantially increased the emphasis of the federal government on promoting recycle.

This legislation declared:
It is the purpose of this title to enhance environmental quality and to conserve
materials by developing a national materials policy to utilize present resources
and technology more efficiently, to anticipate the future materials requirements
of the Nation and the world, and to make recommendations on the supply, use,
recovery, and disposal of materials. s
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Recycling and resource recovery still remains the federal government's long-term solution
to the problem of solid-waste disposal; however, the oil embargo of 1973 (Sect. 4.1.1) has
modified this position. Solid wastes are now recognized as a potential energy resource and,
as such, may be an acceptable substitute for the currently decreasing fossil fuels. Current
national emphasis on energy independence (Sect. 4.1.1) has led to a renewed interest in solid
waste incineration and investigations into the areas of pyrolysis, wet oxidation, and bio
logical conversion. The eventual disposal of solid wastes may be a combination of the re
cycling-resource recovery philosophy with one or more energy production practices, unless
changes in federal regulations or laws prove to be a deterrent to either.

4.1.2.5 Potable-water guality

In 1914, the U.S. Public Health Service enacted a set of standards for drinking water,
which was used in interstate transportation. 9 Although these standards applied only to trains,
buses, and (later) airplanes, it did have the effect of requiring any municipality in which
potable water was supplied to provide water that met these standards. With time, a number of
cities and states adopted these standards for their potable-water supplies. In 1970, the
Public Health Service conducted a nationwide community water supply study to evaluate the
quality of drinking water in the United States. 10 The survey covered 969 systems serving about
18 million people. On the average, 86% of the 18 million people served, or about 15.5 million
people served by 59% of the systems, were receiving good water, and 41% of the 969 systems were
delivering water of inferior quality to about 2.5 million people. The survey also indicated
that serious deficiencies existed in treatment plant construction and operation and in the
potable-water distribution systems. It was also determined -that 79% of the systems had not been
inspected by state or county officials in the previous year; in fact, 50% of the officials did
not remember when the last surveyor inspection had been made.

As a result, the Safe Drinking Water Act (Public Law 93-523) was passed by Congress on
December 3, 1972, and signed by the president on December 17, 1974. 11 This act sets up national
drinking-water standards, spells out enforcement procedures, guarantees availability of chemicals
necessary for proper treatment, controls injection of wastes underground, authorizes research
on water, provides grants for state programs and demonstration projects, requires the keeping of
records, and requires periodic inspections. It also establishes a National Drinking Water
Advisory Council to "advise, consult with, and make recommendations to, the Administrator (EPA)
on matters relating to activities, functions, and policies of the Agency under this title."

As the first action under the act, Interim Primary Drinking Water Standards were promul
gated on March 14, 1975 (40 CFR Part 141), which spell out allowable chemical and bacteriolog
ical contaminants and sampling frequencies required for plants of various sizes. 12

4.1.2.6 Water-pollution control

Water-pollution control is currently enforced under the Water Pollution Control Act of 1972
(Public Law 92-500). The goals and policies of this act are as follows.

Sec. 101. (a) The objective of this Act is to restore and maintain the chemical, physical,
and biological integrity of the Nation's waters. In order to achieve this objective it is
hereby declared that, consistent with the provisions of this Act -
(1) it is the national goal that the discharge of pollutants into the navigable
waters be eliminated by 1985;
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(2) it is the national goal that wherever attainable, an interim goal of water
quality which provides for the protection and propagation of fish, shellfish, and
wildlife and provides for recreation in and on the water be achieved by July 1, 1983;
(3) it is the national policy that the discharge of toxic pollutants in toxic amounts
be prohibited;
(4) it is the national policy that Federal financial assistance be provided to con
struct publicly owned waste treatment works;
(5) it is the national policy that area wide waste treatment management planning
processes be developed and implemented to assure adequate control of sources of
pollutants in each State; and
(6) it is the national policy that a major research and demonstration effort be
made to develop technology necessary to eliminate the discharge of pollutants into
the navigable waters, waters of the contiguous zone, and the oceans. 13

4.1.2.7 Water reuse

In view of the growing demand for water because of population growth alone, the developers
of the MIUS concept recognize the need to reuse wastewater. The policy for reuse is that of
the EPA as set forth below.

1. EPA supports and encourages the continued development and practice of successive
wastewater reclamation, reuse, recycling and recharge as a major element in
water resource management, providing the reclamation systems are designed and
operated so as to avoid health hazards to the people or damage to the environment.

2. In particular, EPA recognizes and supports the potential for wastewater reuse in
agriculture, industrial, municipal, recreational and groundwater recharge
applications.

3. EPA does not currently support the direct interconnection of wastewater recla
mation plants with municipal water treatment plants. The potable use of reno
vated wastewaters blended with other acceptable supplies in reservoirs may be
employed once research and demonstration has shown that it can be done without
hazard to health. EPA believes that other factors must also receive consider
ation, such as the ecological impact of various alternatives, quality of avail
able sources, and economics.

4. EPA will continue to support reuse research and demonstration projects in
cluding procedures for the rapid identification and removal of viruses and
organics, epidemiological and toxicological analyses of effects, advanced
waste and drinking water treatment process design and operation, develop
ment of water quality requirements for various reuse opportunities, and
cost-effectiveness studies. 14

The American Water Works Association (AWWA) and the National Water Commission have also
issued similar statements on the reuse of treated municipal liquid-waste effluents. Since
adequate information on virus destruction is not available, use of treated effluents as a source
of potable water does not appear to be possible.

4.1.3 Land use

The history of land-use planning in the United States might best be described as a philo
sophy of continuous economic development of land, with emphasis on resource exploitation. The
government's involvement in land-use practice has traditionally been one of managing federally
owned lands while allowing private and municipal development to supply the needs of the public.
However, the rights and privileges of private development and land ownership are no longer
indisputable; in recent years, pUblic pressure has increased for legislation defining land owner
ship (and its use) in terms of a broader social, economic, and political framework.
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Land-use bills authorizing federal expenditures for establishment of planning guidelines
have been introduced in Congress since 1970, but as yet none have been adopted. The lack of a
comprehensive national land-use policy may be attributed to a combination of economics and a
reluctance by state and local governments to relinquish sovereignty over land-use decisions.
Because there is, as yet, no clear congressional or executive mandate, no single federal agency
has been empowered to develop and implement national land-use goals and policies. The absence
of a definitive congressional or executive policy has not deterred some federal agencies from
developing individual statements. The lead federal agency in these land-use-oriented initiatives
is the EPA. Other agencies such as HUD and the Federal Highway Administration (FHWA) are also
developing programs and procedures that concern the issue of land use.

The EPA has been charged in various legislative acts to consider land use as a means of
controlling environmental pollution. The National Environmental Policy Act of 1969 (Sect.
4.1.2.1) is of singular importance because it provides for the preparation of an Environmental
Impact Statement of proposed federal actions and also continues the programs established under
earlier air- and water-pol 1uti on-control laws.

Environmental impact statements are required of all federal agencies before major actions
which "significantly affect the qual ity of the human environment"3 are taken. Each statement
includes those proposed federal actions which may directly or indirectly affect land-use de
cisions and patterns.

The clean-air acts (Sect. 4.1.2.2) have produced regulations that consider land-use desig
nations. Attainment of national air-quality standards and prevention of significant air-quality
deterioration employing measures including but not limited to land-use and transportation con
trols has been proposed. 4 The EPA has required individual states to develop land-use-based
strategies for the long-term maintenance of clean-air standards. IS These strategies include
preconstruction review of facilities that may induce motor vehicle traffic, with a potential
for violation of air-quality standards.

The Federal Water Pollution Control Act of 1972 is another environmental protection law
that could directly influence land use. The individual states are required to develop area-wide
waste-treatment management plans that can employ land-use requirements to control a wide variety
of potential pollution sources [Sect. 208.(b)(2)(D-H)]. The land-use controls and requirements
of the act could have a major effect on residential as well as commercial development patterns.

The Coastal Zone Management Act of 1972 recognizes the importance of U.S. coastal areas as
environmental, economic, and recreation resources. 16 It encourages states to develop balanced
approaches for sorting out the frequently competitive demands for the use of coastal lands and
waters. Because of the great number of states involved, the act is the largest effort by
Congress to have states initiate land-use planning to avoid adverse impacts on coastal waters.

The Department of Housing and Urban Development is another agency with specific policies
pertinent to land-use decisions. Title VII of the Housing and Urban Development Act (1970)
established a national growth policy whose implementation requires evaluation and classification
of lands. As stated in the act:

It is the policy of the Congress and the purpose of this title to provide for the
development of a national urban growth policy and to encourage the rational, orderly,
efficient, and economic growth, development, and redevelopment of our states, metro
politan areas, cities, counties, towns, and communities in predominantly rural areas
which demonstrate a special potential for accelerated growth; to encourage the prudent
use and conservation of our natural resources; and to encourage and support develop
ment which will assure our communities of adequate tax bases, community services, job
opportunities, and well-balanced neighborhoods in socially, economically, and
physically attractive living environments. l ?
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This position is reaffirmed in the Housing and Community Development Act, which states that
"It is the purpose of this title to further the development of a national urban growth policy by
consolidating a number of complex and overlapping programs of financial assistance to communities
of varying sizes and needs into a consistent system of federal aid which encourages
community development activities which are consistent with comprehensive local and area-wide
development planning." 1S

Lack of congressional land-use legislation apparently has not halted the process of in
creasing government influence in this area.

4.1.4 Housing

The federal government assumed the responsibility of providing public housing and assis
tance to potential homeowners with the passage of the National Housing Act of 1934. Since that
act, a series of acts and amendments that further defines and expands the role of federal in
volvement in the housing market has been passed. With this expansion came a corresponding pro
liferation of federal agencies such as the Federal Housing Administration and the Home Finance
Administration. In 1965, these agencies were combined into the newly formed HUD. Congress
transferred the functions of these agencies to HUD and defined their purpose as follows.

The Congress hereby declares that the general welfare and security of the
Nation and the health and living standards of our people require, as a matter of
national purpose, sound development of the Nation's communities and metropolitan
areas in which the vast majority of its people live and work.

To carry out such purpose, and in recognition of the increasing importance of
housing and urban development in our national life, the Congress finds that estab
lishment of executive department is desirable to achieve the best administration of
the principal programs of the Federal Government which provide assistance for housing
and for the development of the Nation's communities; to assist the President in
achieving maximum coordination of the various Federal activities which have a major
effect upon urban community, suburban, or metropolitan development; to encourage the
solution of problems of housing, urban development, and mass transportation through
State, county, town, village, or other local and private action, including pro
motion of interstate, regional, and metropolitan cooperation; to encourage the max
imum contributions that may be made by vigorous private homebuilding and mortgage
lending industries to housing urban development, and the national economy; and to
provide for full and appropriate consideration, at the national level, of the needs
and interests of the Nation's communities and of the people who live and work in
them. 17

The most recent statement of national housing policy is the Housing and Community Develop
ment Act of 1974 (Public Law 93-383). The act establishes a program of federal assistance to
local communities for solving problems historically addressed by categorical grant programs.
The primary objective of this title is lithe development of viable urban communities, by pro
viding decent housing and a suitable living environment and expanding economic opportunities,
principally for persons of low and moderate income." 1S

The federal assistance provided in this title is for the purpose of community development
activities that are directed toward the following specific objectives.

(1) the elimination of slums and blight and the prevention of blighting influences
and the deterioration of property and neighborhood and community facilities of importance
to the welfare of the community, principally persons of low and moderate income;

(2) the elimination of conditions which are detrimental to health, safety, and
public welfare, through code enforcement, demolition, interim rehabilitation assistance,
and related activities;

(3) the conservation and expansion of the Nation's housing stock in order to pro
vide a decent home and a suitable living environment for all persons, but principally
those of low and moderate income;



4-12

(4) the expansion and improvement of the quantity and quality of community services,
principally for persons of low and moderate income, which are essential for sound community
development and for the development of viable urban communities;

(5) a more rational utilization of land and other natural resources and the better
arrangement of residential, commercial, industrial, recreational, and other needed activity
centers;

(6) the reduction of the isolation of income groups within communities and geo
graphical areas and the promotion of an increase in the diversity and vitality of neighbor
hoods through the spatial deconcentration of housing opportunities for persons of lower
income and the revitalization of deteriorating or deteriorated neighborhoods to attract
persons of higher income; and

(7) the restoration and preservation of properties of special value for historic,
architectural, or esthetic reasons. IS
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4.2 IMPLEMENTATION STRATEGIES OF NATIONAL GOALS

Most national goals and policies of the United States originate from public laws. Within
these laws are the specific goals and purposes from which national goals may be derived. It is
not unusual for national goals to be embodied in a single legislative act or for that act to
continually evolve (through a series of later acts, amendments, or court decisions) until the
original goals are no longer applicable. With the passage of a specific public law, a national
policy statement has been advanced and a mechanism for its implementation has been proposed,
Included in the legislative framework are such important program elements as (1) designation of
the responsible federal agency, (2) the jurisdiction by law of federal agencies and state and
local governments, and (3) the program and implementation strategies that establish the direc
tion and intent of the federal government.

Figure 4.1 illustrates the various procedures that can be incorporated in a public law to
facilitate implementation. Anyone or more of these program elements may be found in specific
legislation; however, the elements presented in this figure were considered the most representa
tive for the policies discussed in the preceding section.

As presented in Fig. 4.1, the public law provides in its objectives and purpose a statement
of national goals and policies. After the statement of goals, the superstructure of the legis
lative framework is established. Responsibility for accomplishing the national goals is dele
gated to a lead federal agency; the relationships and requirements of other governmental bodies
are delimited. The lead agency has the duty of directing and coordinating efforts to accomplish
the primary tasks and commitments as outlined in the law. Later, if these stated procedures
and strategies prove unacceptable, the law may be amended. In Fig. 4.1, the lead agency was
given almost complete responsibility to implement the law, that is, the functions of enforcement,
research, issuance of regulations (and standards), and development of specific implementation
strategies. The agency strategy presented in this case has the option to involve both federal
and nonfederal governments (state and municipal) and thus can require participation from all
levels of government. In addition, inclusion of nonfederal governments in the implementation
plan ensures conformity of attainment strategy.

4.2.1 Ener9Y

Past federal involvement with regulation and control of national energy resources has been
highly selective and, at times, inconsistent. The first major legislation came with the passage
of the Federal Power Act of 1920. That act created the Federal Power Commission (FPC) which
has regulatory authority over hydroelectric projects, interstate transmission of electric power,
and electric utilities engaged in interstate commerce. The commission's energy responsibilities
were enlarged to include regulation of interstate transport and the sale of natural gas (or any
mixture of natural and synthetic gases) by the National Gas Act of 1938. (Public Law 75-688).

Nuclear power development and commercialization has been the energy field receiving the
greatest amount of governmental regulation and control. It is the only energy resource totally
regulated by the federal government. The Atomic Energy Act of 1954 (Public Law 83-703) firmly
established the government's intent to control "possession, use, and production of atomic
energy . . . whether owned by the Government or others. II

The federal government has also established authority over less conventional energy re
sources with the Geothermal Steam Act of 1970 (Public Law 91-581) and the Solar Heating and
Cooling Demonstration Act of 1974 (Public Law 93-409).
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Despite the numerous existing federal agencies and commissions designed to regulate pro
duction, transport, sale, and use of energy, there is no coordinated national energy policy per
se (Sect. 4.1.1).

The oil embargo of 1973 has been pivotal to the nation's energy philosophy. The embargo
irrefutably established national dependence on foreign petroleum resources, and it fostered the
realization that existing national energy resources are finite and are rapidly being consumed.
These sobering realizations spurred Congress and the president to seek means of achieving energy
independence while concurrently establishing better national utilization and conservation of
existing energy resources.

To accomplish these objectives, energy policy within the federal government required better
coordination than was possible with existing agencies. The Energy Reorganization Act of 1974
(Public Law 94-438) and the Federal Energy Administration Act of 1974 (Public Law 93-275) were
designed to share in this function. Both acts called for "reorganization and consolidation of
certain functions of the Federal Government . .. in order to perform more efficient management
of such functions." The Energy Reorganization Act proposed to

... establish an Energy Research and Development Administration to bring together
and direct Federal Activities relating to research and development on the various
sources of energy, to increase the efficiency and reliability in the use of energy,
and to carry out the performance of other functions, including but not limited to
the Atomic Energy Commission's military and production activities and its general
basic research activities. In establishing an Energy Research and Development
Administration to achieve these objectives, the Congress intends that all possible
sources of energy be developed consistent with warranted priorities. 1

The Energy Research and Development Administration (ERDA) has been given the responsibility for
policy planning, coordination, support, and management of research and development programs for
all energy resources. Included in these duties is the assessment of requirements for research
and development in regard to various energy resources in relation to near-term and long-range
needs. Thus the role of ERDA is to implement national energy policies and goals by gathering
information (through research and demonstration) for future decisions on energy commitments
and directions.

The Federal Energy Administration Act is the other major energy policy legislation aimed
at alleviating the national energy problem. The Act proposes

... to conserve scarce energy supplies, to insure fair and efficient distribution of,
and the maintenance of fair and reasonable consumer prices for, such supplies, to pro
mote the expansion of readily usable energy sources, and to assist in developing
policies and plans to meet the energy needs of the Nation. . .. to help achieve
these objectives, and to assure a coordinated and effective approach to overcoming
energy shortages, it is necessary to reorganize certain agencies and functions of the
executive branch and to establish a Federal Energy Administration. 2

The role of the Federal Energy Administration (FEA) is to develop and administer the ongoing
energy policies of the nation; in this capacity, it serves the immediate need for promulgating
energy regulations and developing allocation programs for petroleum products.

In addition to seeking short-term solutions to the nation's most immediate energy problem,
the FEA was required to perform these additional functions.

(1) advise the President and the Congress with respect to the establishment of a
comprehensive national energy policy in relation to the energy matters for which the
Administration has responsibility, and, in coordination with the Secretary of State,
the integration of domestic and foreign policies relating to energy resource manage
ment;

(2) assess the adequacy of energy resources to meet demands in the immediate and
longer range future for all sectors of the economy and for the general public;
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(3) develop effective arrangements for the participation of State and local govern
ments in the resolution of energy problems;

(4) develop plans and programs for dealing with energy production shortages,
(5) promote stability in energy prices to the consumer, promote free and open

competition in all aspects of the energy field, prevent unreasonable profits with
in the various segments of the energy industry, and promote free enterprise;

(6) assure that energy programs are designed and implemented in a fair and
efficient manner so as to minimize hardship and inequity while assuring that the
priority needs of the Nation are met;

(7) develop and oversee the implementation of equitable voluntary and man
datory energy conservation programs and promote efficiencies in the use of energy
resources;

(8) develop and recommend policies on the import and export of energy resources,
(9) collect, evaluate, assemble, and analyze energy information on reserves,

production, demand, and related economic data. 2

The FEA, recognizing that it would be impossible to immediately introduce energy-efficient
technologies into society, has placed increased emphasis on the area of energy conservation.
An indication of this energy conservation effort is evident in the passage of the 55-mph
national speed limit and a required 15% reduction of energy consumption in federal buildings
and vehicles.

The Department of Housing and Urban Development is an example of another federal agency that
has contributed to the national goal of energy conservation. Through its mortgage and loan in
surance programs (Federal Housing Administration), HUD has increased the allowable thermal in
sulation standards for new-home construction. Though seemingly insignificant, increasing the
insulation standards for new homes should have the result of greatly reducing fossil-fuel
demands for home heating.

In the future, it is possible that agencies other than the FEA will employ their regulatory
powers to influence energy conservation and the introduction of energy-efficient measures into
society.

4.2.2 Environment

4.2.2.1 National Environmental Policy Act

Passage of the National Environmental Policy Act of 1969 was a congressional attempt to
require all federal -agencies to consider the environmental impact of their proposed plans and
programs. Two provisions were incorporated into the act to ensure implementation. Section 102
provides the action-forcing procedure of the act, and Title II establishes the Council on
Environmental Quality. Section 102 requires all federal agencies to include environmental impact
considerations in all their major decision-making processes. The agency proposing a federal
action must also consult federal, state, and local agencies having jurisdiction or expertise in
environmental matters, and before the decision to proceed is made, the agency must prepare and
submit an environmental impact statement. To alleviate confusion and misinterpretation regarding
the contents of an environmental impact statement, an outline was included in the section.

Title II of the act established the Council on Environmental Quality to serve in an advi
sory capacity to the president. Other responsibilities delegated to the council included
(1) assisting and advising the president in the preparation of the Environmental Quality Report,
(2) establishing a system of monitoring environmental indicators, (3) maintaining records on
the status of the environment, and (4) maintaining complete data for the anticipation of emerging
environmental problems and trends.
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The council has proposed and subsequently revised its guidelines for the preparation of
environmental impact statements. The purpose of these revisions was to increase the opportunity
for public involvement in the impact statement process and to provide additional guidance to
federal agencies regarding court decisions interpreting ,the act.

Public participation and review of environmental impact statements has become one of the
most critical aspects of the preparation process, and this participation is often essential for
successful implementation of any proposed federal action.

4.2.2.2 Air guality

The federal government, in its attempt to achieve acceptable levels of national air quality,
has chosen to employ the resources and participation of both federal and state agencies. The
Clean Air Act describes a twofold approach in which the EPA has been delegated the functions of
establishing a national research and development program for prevention and control of air
pollution, developing national ambient-air-quality standards, conducting research related to
fuels and vehicles, and assisting states in air-pollution planning and control programs. Each
state is required to develop and adopt an implementation plan, but the state is granted suffi
cient sovereignty to formulate an implementation plan consistent with its individual growth
philosophies and desired air-quality goals.

The national air-quality implementation strategy retains the federal government's authority
as coordinator by requiring the EPA to review and approve all proposed state implementation
plans. The individual states are required by the Clean Air Amendments (Public Law 91-604,
Sect. 110) to develop implementation plans consistent with national ambient-air-quality stan
dards. The act states that

Each State shall, after reasonable notice and public hearings, adopt and submit
to the Administrator, within nine months after the promulgation of a national primary
ambient air quality standard (or any revision thereof) under section 109 for any air
pollutant, a plan which provides for implementation, maintenance, and enforcement of
such primary standard in each air quality control region (or portion thereof) within
such State. In addition, such State shall adopt and submit to the Administrator
(either as a part of a plan submitted under the preceding sentence or separately)
within nine months after the promulgation of a national ambient air quality secon
dary standard (or revision thereof), a plan which provides for implementation,
maintenance, and enforcement of such secondary standard in each air quality con-
trol region (or portion thereof) within such State. Unless a separate public
hearing is provided, each State shall consider its plan implementing such secondary
standard at the hearing required by the first sentence of this paragraph.

(2) The Administrator shall, within four months after the date required for
submission of a plan under paragraph (1), approve or disapprove such plan for each
portion thereof. The Administrator shall approve such plan, or any portion thereof,
if he determines that it was adopted after reasonable notice and hearing and that -

(A) (i) in the case of a plan implementing a national primary ambient
air quality standard, it provides for the attainment of such primary stan
dard as expeditiously as practicable but (subject to subsection (e) ) in no
case later than three years from the date of approval of such plan (or any
revision thereof to take account of a revised primary standard); and (ii) in
the case of a plan implementing a national secondary ambient air quality
standard, it specifies a reasonable time at which such secondary standard
will be attained;

(8) it includes emission limitations, schedules, and timetables for com
pliance with such limitations, and such other measures as may be necessary to
insure attainment and maintenance of such primary or secondary standard,
including, but not limited to, land-use and transportation controls;
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(c) it includes provlslon for establishment and operation of appropriate
devices, methods, systems, and procedures necessary to (i) monitor, compile,
and analyze data on ambient air quality and, (ii) upon request, make such
data available to the Administrator;

(0) it includes a procedure, meeting the requirements of paragraph (4),
for review (prior to construction or modification) of the location of new
sources to which a standard of performance will apply;

(E) it contains adequate provisions for intergovernmental cooperation,
including measures necessary to insure that emissions of air pollutants
from sources located in any air quality control region will not interfere
with the attainment or maintenance of such primary or secondary standard
in any portion of such region outside of such State or in any other air
quality control region;

(F) it provides (i) necessary assurances that the State will have ade
quate personnel, funding, and authority to carry out such implementation
plan, (ii) requirements for installation of equipment by owners or operators
of stationary sources to monitor emissions from such sources, (iii) for
periodic reports on the nature and amounts of such emissions; (iv) that such
reports shall be correlated by the State agency with any emission limitations
or standards established pursuant to this Act, which reports shall be avail
able at reasonable times for public inspection; and (v) for authority com
parable to that in section 303, and adequate contingency plans to implement
such authority;

(G) it provides, to the extent necessary and practicable, for periodic
inspection and testing of motor vehicles to enforce compliance with applicable
emission standards; and

(H) it provides for revision, after public hearings, of such plan (i) from
time to time as may be necessary to take account of revisions of such national
primary or secondary ambient air quality standard or the availability of im
proved or more expeditious methods of achieving such primary or secondary stan
dard; or (ii) whenever the Administrator finds on the basis of information avail
able to him that the plan is substantially inadequate to achieve the national
ambient air quality primary or secondary standard which it implements. 3

The ultimate responsibility for attaining national air-quality goals rests totally with the
federal government. In the event that any state fails to comply with the national implementation
plan, the administrator of the EPA is empowered to

(a) prescribe a plan for a State in cases where the State fails to submit a satisfactory
plan, and

(b) to enforce the provisions of such plan in cases where the State fails to enforce
these requirements. 3

4.2.2.3 Noise

The Noise Pollution and Abatement Act of 1970 was the first national legislation to recog
nize noise as an environmental pollutant. Under authority of the act, the Office of Noise
Abatement and Control was created within the EPA. This new office was chartered to conduct re
search and investigations into environmental noise and its effects on public health and welfare.
The act further required any federal department or agency engaged in a noise-producing activity
considered a public nuisance to consult with the administrator (EPA) to determine appropriate

means of abatement.
The Noise Control Act of 1972 (Public Law 92-574) expanded federal noise jurisdiction to

major sources, including transportation vehicles and equipment, machinery, appliances, and other
products of commerce. Also, each federal agency proposing noise standards or regulations must
consult with the administrator prior to implementation. The act further recognized that the
primary responsibility for noise control rests with state and local governments, and federal
action was necessary only in cases beyond the jurisdiction of these governments.
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As mentioned in Sect. 4.1.2.3, other federal agencies have initiated noise-control regula
tions. The secretary of transportation was directed by amendments to the 1970 Federal-aid
Highway Act (Public Law 91-605) to develop and promulgate standards for highway noise levels
compatible with different land uses, with due consideration also given to other social, economic,
and environmental effects. Noise standards have been developed by the Federal Highway Admin
istration, which encourages their application at the earliest appropriate stage of project
development.

The Department of Housing and Urban Development has developed noise-exposure policies,
procedures, and standards that must be observed for the approval of all HUD-supported projects.
By withholding all forms of HUD assistance, the agency discourages construction of new dwelling
units on sites that have, or are projected to have, unacceptable noise exposures.

Other federal agencies have noise-abatement regulations, but these are specific to the
function of the agency and have little direct influence on the municipal environment.

4.2.2.4 Solid wastes

In the Solid Waste Disposal Act of 1965 (Public Law 89-272), Congress declared that collec
tion and disposal of solid wastes should be primarily the function of state and local govern
ments. However, the disposal of solid wastes has also become "a matter national in scope and in
concern and necessitates Federal action."4 Federal involvement was defined as "financial and
technical assistance and leadership in the development, demonstration, and application of new
and improved methods and processes to reduce the amount of waste and unsalvageable materials
and to provide for proper and economical solid-waste disposal practices."4 Major responsibility
for solid-waste programs was given to the Department of Health, Education, and Welfare (HEW),
Public Health Service. Under the act, the secretary of HEW was empowered to

a) conduct research, demonstrations, training, and other activities related to
solid waste disposal programs, and

b) make grants to State, interstate, and local agencies for developing solid
waste disposal plans. 4

The act was amended in 1970 with the passage of the Resource Recovery Act (Public Law
91-512). The Resource Recovery Act placed new emphasis on recycling of solid wastes, but the
federal government still maintained that these wastes (nonhazardous) should remain under the
jurisdiction of the state, interstate, or local governments. The federal position on recycling
was enforced with the incorporation of new programs into the 1970 amendments. The secretary
(transferred now to the EPA) was given the additional responsibility to

a) conduct studies and demonstration projects on recovery of useful energy and
materials from solid wastes, and

b) make grants available for resources recovery systems and improved waste disposal
facilities. 5

Also, the secretary was required to publish guidelines for solid-waste recovery, collection,
separation, and disposal systems (including systems for private use) and to propose model codes,
ordinances, and statutes designed to implement these guidelines,

To date, such disposal methods as sanitary landfills, composting, incineration, rail
hauling to suitable disposal sites, and reuse of selected materials have been investigated in
research and demonstration projects authorized under the Resource Recovery Act. 6
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4.2.2.5 Potable-water guality

The Safe Drinking Act is structured so that the states are the main enforcers of the act.
In 40 CFR Part 141 (Interim Primary Drinking Water Standards), the following statement is
included.

The Act clearly contemplates that the States, rather than the Federal government,
will have primary responsibilities for carrying out the purposes of the legislation. Thus,
when a State demonstrates that it has the authority and capability to carryon a program
consistent with the Act, the Federal government will recognize the State's primary enforce
ment responsibilities and will thereafter play largely a passive role in assuming safe
drinking water in that State. Under section 1413(a)(1) of the Act a State has primary en
forcement responsibility if the Administrator has determined that such State -

(1) Has adopted drinking water regulations which
(A) In the case of the period beginning on the date the National Interim Primary

Drinking Water Regulations are promulgated under section 1412 and ending on the date
such regulations take effect are no less stringent than such regulations, and

(B) In the case of the period after such effective date are no less stringent than
the interim and revised national primary drinking water regulations in effect under such
section;

(2) Has adopted and is implementing adequate procedures for the enforcement of
such State regulations, including conducting such monitoring and making such inspections
as the Administrator may require by regulation;

(3) Will keep such records and make such reports with respect to its activities
under paragraphs (1) and (2) as the Administrator may require by regulation;

(4) If it permits variances or exemptions, or both, from the requirements of its
drinking water regulations which meet the requirements of paragraph (1), permits such
variances and exemptions under conditions and in a manner which is not less stringent
than the conditions under, and the manner in, which variances and exemptions may be
granted under sections 1415 and 1416; and

(5) Has adopted and can implement an adequate plan for the provision of safe
drinking water under emergency circumstances. 7

The wording of the act indicates that the EPA's role will be mainly to set national stan
dards and to ensure that the states promulgate standards that are at least as strict as, but can
be more stringent than, the national standards. The states must then enforce these standards.
If the states do not act within a specified time, the administrator can take action to ensure
compliance. The EPA can make grants to the states to assist in implementation and enforcement
of the act. The agency can also make grants to demonstrate new technology and guarantee loans
to private lenders to small public-water supplies which will enable these systems to meet the
national primary drinking-water regulations.

4.2.2.6 Water-pollution control

Implementation of the Federal Water Pollution Control Act of 1974 is mainly a function of
the states. Public Law 92-500 requires that the EPA set standards for municipal and industrial
discharges but allows the individual states to set limits that are as restrictive or more re
strictive than the proposed EPA standards and to see that they are enforced. s

The heart of the Act is the issuance of National Pollution Discharge Elimination Permits
(NPDES). These permits state the amount of pollutants that can be released by a given facility.
Either the EPA or states that have indicated their compliance with Public Law 92-500 can issue
these permits.

In Public Law 92-500, the national goals are to be met in three steps. Treatment facilities
must meet the EPA definition of secondary treatment by 1977 (Sect. 3.6.3). Because of the
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impoundment of federal grants, it is doubtful that this goal will be achieved by this date; in
fact, there is some question concerning the date this objective will be reached.

Public Law 92-500 also defines the levels of treatment to be achieved in the future. After
June 1974 the EPA is prevented from issuing grants for new construction unless this type of con
struction employs the "best practicable control technology. sTable 4.1 gives criteria for the
application of this definition.

Table 4.1. Principal statutory considerations

Statutory basis

Best practicable
control technology
currently available
301 (b) (1) (A)
304 (b) (1) (A)

(Existing sources)

Best available
technology
economically
achievable

Standards of per
formance for New
Sources 306

General description

1. Achieve by 1977
2. Generally average

of best existing
performance: high
confidence in engi
neering viability.

3. Where treatment uni
formly inadequate a
higher degree of treat
ment may be required if
practicable (compare
existing treatment of
similar wastes).

1. Achieve by 1983
2. Generally best existing

performance but may in
clude technology which
is capable of being de
signed, though not yet
in place, (further de
velopment work could be
required) .

1. Achieved by sources for
which construction
commences after proposal
of regulations.

2. Generally same considera
tion as for BATEA, except
for more critical
analysis of present
availability .

Process changes

Normally does not
not emphasize in
process controls,
except where
presently com
monly practiced.

Emphasises both in
process and end
of-process control.

Emphasizes process
changes.

Cost

Balancing of
total cost of
treatment
against effluent
reduction bene
fits.

Cost considered
relative to broad
test or reasona
bleness.

Cost considered
relative to broad
test of reasona
bleness.

After July 1, 1983, all dischargers, both old and new, must install "best available control
technology"S (also described in Table 4.1). Public Law 92-500 indicates that zero discharge
should be accomplished by 1985, although there is some question as to whether this goal will be
achieved, or can even be accomplished. Public Law 92-500 is a complex law, combining both
House and Senate versions, and is very difficult to interpret. Possible future changes or mod
ifications in Public Law 92-500 cannot be anticipated at this time.
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4.2.3 Land use

The most vigorous efforts to achieve land-use objectives are occurring at the state and
local levels. State actions are primarily in the area of legislative reform. A variety of
innovations in land-development controls and guidance systems are taking place at the local
level. Activities at both levels are being influenced by shifts in behavior in the development
industry and by events in the courts. The sum of these activities over the past five to seven
years represents a significant increase in the aspirations and innovations associated with
land-use controls. This period of ferment has not yet run its course, but some major trends
are evident.

State governments have been unusually active in the field of land-use controls in recent
years. The need for this activity was first called for in Richard Babcock's 1966 book, The

Zoning Game. 9 Many of the recommendations outlined by Babcock have been more fully developed
in the recently published ModeZ Land DeveZopment Code of the American Law Institute (ALI). The
ALI code is the result of the most thorough and influential study since the work that produced
the Standard State Zoning Enabling Act of 1924. That act, drafted by the U.S. Department of
Commerce, was the model on which most current state-enabling legislation for land-use controls
was based.

The ALI code "is both codification and the introduction of a new system providing more
clearly for consideration of state land policy in relation to the land policy of local govern
ments." States have traditionally limited their role primarily to the passage of legislation
that gives to local governments the power to plan and regulate land use. The ALI code provides
a major revision in these traditional powers by proposing legislation that would foster more
detailed land planning and professional administration of 1and-use-contro1 processes at the local
level.

The ALI code also proposes an active role for the states in planning and regulation. It
would have them define areas of critical state concern in which the state would have the option
of direct regulation of land use to achieve important state objectives. The code would also
establish a state-level board or agency to review local land regulatory decisions. A major
purpose of such reviews would be to arbitrate conflicting interests in land-use decisions
among local governments and to ensure that regional and state interests are protected in local
land-use regulation actions. The code is broad in scope. It was drafted with the expectation
that states would adopt various parts to their particular needs. A reasonable assumption is
that the code will have a major long-range impact on the entire system of land-use planning
and control.

Most of the innovative state actions of recent years have reflected aspects of the ALI code.
The major exception is Hawaii, where statewide zoning controls are provided for pursuant to a
detailed land-use plan. The physical and governmental setting in which this pattern was created
is so unusual that it is unlikely to have much immediate influence in other states.

Several states have recently undertaken major revision of their legislation affecting land
development and land-use regu1ation. IO Many of these reforms reflect ideas set forth in the
ALI code. California and Virginia are now requiring, rather than merely permitting, local
governments to develop comprehensive land-use plans. Vermont and Maine, largely in response
to environmental concerns, have enacted legislation designed to ensure that land development
is suited to the capability of the site on which it occurs and to ensure that major developments
are reviewed by state as well as local agencies. In 1972, Florida passed the Comprehensive
Environmental Land and Water Management Act. The act creates a state land-use planning agency
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and an administration commission, and it mandates the creation of a comprehensive state plan.
Several states, including New York and Vermont, have passed so-called anti-snob zoning. This
legislation creates a state review board that can override local land-use decision-making bodies
to ensure that local actions do not preclude the building of low- and moderate-income housing.
One of the most aggressive state actions has been the creation of the New York Urban Development
Corporation. That body, rather than merely emphasizing regulation, is empowered to acquire land
and engage in development activities designed to promote sound land development and to meet
specific state and local needs for such critical items as low- and moderate-income housing. The
board has broad powers, including the right to override local regulation in achieving its objec
tives. The corporation has exercised its powers very modestly because of the political ramifi
cations of its powers and because of the fear that the powers might be withdrawn if they are
exercised too forcefully.

The major innovations in land-use management at the local government level have occurred in
urban areas. On the regulatory front these innovations have included the widespread use of
planned-unit-development, or cluster, zoning provisions, some use of impact zoning, and, more
recently, the development of incentive zoning and the transfer of development rights.

The use of planned-unit-development zoning provisions is now extremely widespread. These
provisions vary widely in their details but are generally characterized by an attempt to cluster
development into fairly dense arrangements with open space held in common for an entire neighbor
hood or project rather than being distributed on a lot-by-lot basis around individual dwelling
units. Such development typically results in a lower utility cost, a greater adaptability to
the site, and a more usable common open space than would occur in a traditional project of the
same density. Planned-unit developments are also characterized by more rigid control of the
project design and by a modest mixing of land uses.

Impact zoning is less well defined and less widely practiced. It generally reflects an
increasing attempt by local regulatory agencies to base their decisions on an analysis of the
impact that a proposed development will have on the physical environment, offsite as well as
onsite, and on the public infrastructure. In many instances, this activity is carried out
informally, although some communities are beginning to formalize the requirement for local
impact statements and to define the areas to be investigated within the body of their regulatory
documents.

Incentive zoning is a scheme that allows the developer a choice between traditional regu
lations and regulations that provide a bonus. This bonus is usually in the form of an increasing
density of development in exchange for careful design of the project and provision of some public
amenities that would normally not be the responsibility of the developer. 11 These provisions
were developed initially in highly specialized situations such as the New York City Theater
District and the downtown area of San Francisco adjacent to new mass-transit-system stops. There
are some indications that the technique is now being applied in smaller communities where the
public amenities to be provided are more traditional in nature and where the administrative capa
bilities for handling the incentive procedures are not as sophisticated. It is too early to
know whether these kinds of provisions will become widespread, but early indications are that
they may be. The limited court action on these provisions has been favorable.

Transfer of development rights is a technique that originated in Chicago for the purpose of
preserving historic downtown structures. These structures were being removed because they
occupied sites that were becoming more valuable than the use made of the historic buildings. 12

In general, the practice provides that owners of such sites can sell the difference between the
current use of the site and its potential development capability to another site. The technique
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is apparently complicated administratively, but it holds the potential for capturing the leverage
of the marketplace to attain public objectives. The technique could be equally applicable in
achieving less dramatic objectives than those preseht in Chicago. The technique could be used,
for example, to ensure preservation of agricultural land in the developing urban fringe.

The major pattern evident in the most recent strategies of land-use control reflects a
shift from the control of land use on a small-parcel or lot-by-lot basis to an effort to control
development on a large-project basis. This shift reflects trends in the development industry in
which an increasing percentage of development is occurring in major projects. The shift to
large projects is also compatible with the desire of planning and regulatory agencies to deal
with land development in packages large enough to accommodate meaningful design concepts and to
build the public infrastructure in a planned fashion to respond to private land development.

The tendency of development to occur in larger increments has also been reflected in the
evolution of growth-control strategies that go beyond regulation. Regulation is now seen as
only a part of the total strategy of growth management. An early example of the growth-manage
ment strategy was outlined in Bucks County, Pennsylvania, where the county was divided into four
major areas, including holding zones and resource-protection areas. 13 The county has attempted
to program the provision of public improvements and services as well as property taxes to foster
development compatible with these area designations.

One of the most widely reported growth-management efforts has been the Ramapo, New York,
experience. Ramapo passed an innovative ordinance that provided for the programming of the
location and timing of suburban growth. Public management of growth in this fashion was keyed
to the capability of the land and the programmed provision of the public infrastructure. Developers
were promised a target date at which time such basic facilities as sewers and schools would be
available to serve their location. If they chose to develop prior to the public provision of
these services, they were required to bear a significant cost to provide the services immediately.
The scheme has attracted widespread attention since being tested and upheld in the highest court
of the state of New York. 14 Both the Ramapo ordinance and court case will be influential in years
to come.

Not all growth-control activities have been motivated by public objectives that are acceptable
to the courts. One of the major problems in suburban area zoning has been the tendency of fringe
area local governments to write ordinances that have the effect of excluding low- and moderate
income housing from their jurisdictions. The cumulative effect is to significantly reduce the
housing opportunities for low- and moderate-income people in metropolitan areas. The courts are
taking a firm stand against such ordinances and are beginning to require that local governments
develop fair-share plans to ensure that they are not encroaching on the housing opportunities of
the public. 15 There is some tension between these cases, which are striking down local zoning
provisions, and the efforts of some local jurisdictions to control growth because of environmental
concerns. It is difficult to determine whether the environmental protection issue is legitimate
or whether local governments use it to direct prejudice toward the poor and minority groups.
Apparently the courts are going to insist that local governments demonstrate their willingness
to meet their metropolitan-area housing responsibilities to successfully carry out regulatory
actions that will protect the environment.

The nonregulatory aspects of growth-management strategies probably have more long-term
effects on the location and timing of development than do traditional zoning ordinances. A
constant theme in these efforts is the attempt to reduce the amount of scattered, leap-frog
development which spreads the demand for urban services in highly uneconomical patterns. Care
fully developed policies for the extension of water and sewer services, the matching of property
tax assessments to long-range land-use plans, and the careful programming of pUblic facilities
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such as schools and local roads, all have significant impact on land development. The principle
of programming public facilities to foster or inhibit land development is now widely understood
by planners but seldom applied effectively by local governments. Reform on property taxes is
much less widespread. One of the most significant experiments is occurring in the Twin Cities
metropolitan area where a system has been devised to allow a sharing of a portion of the property
taxes among various units of local governments. 16 This ensures that high-tax-producing land
uses, such as industries, are more likely to be located on the basis of land suitability and
highway accessibility than on the basis of lobbying by local governments that are competing for
the tax resource. The long-term effect should be a much more rational distribution of land uses
in the metropolitan area.

Public support for the construction of new towns could also have a significant impact on
land-use practices in the country. Although new towns tend to attract considerable publicity
because of the "glamour" associated with them, their impact on the total land-development activity
of the country is small. There are many contributions (of a demonstration nature) being made in
the new-town developments but they account for a small percentage of the total development occur
ring. This situation will not likely change in the near future. What is more probable is that
small, new towns or large subdivisions, having many of the characteristics of new towns, will be
built by private developers drawing on some of the lessons of new-town development.

At first glance, current trends in development patterns would appear to present likely markets
for MIUS. Large planned-unit developments, new towns, apartment complexes, and similar development
clusters appear to be candidates. They are significant in scale; they are designed as an inte
grated unit, including buildings and infrastructure; and they are developed by one entrepreneur
or a coordinated team. However, innovations have been slow to take hold in the housing and
development industry. Most of the land-planning and housing-design ideas that have become widely
accepted in the last 10 to 15 years were demonstrated on the ground in the 1920s and 1930s in
Radburn, the Greenbelt towns, and other developments. Current new-town developments are not using
construction technology significantly different from conventional development despite government
efforts to push advanced technology through Operation Breakthrough.

In summary, this is a time of significant changes in land-use planning and guidance, most
of which are occurring at the state and local levels. The strategies evolving tend to be varied
in extent and direction. The unsettled nature of land-use controls can be expected to continue
for several more years.

4.2.4 Housing

As noted in Sect. 4.1.4, the Department of Housing and Urban Development (HUD) was created
by Congress (Public Law 89-174) "to encourage the solution of problems of housing, urban develop
ment, and mass transit." The act was later amended, authorizing HUD to "undertake such programs
of research, studies, testing, and demonstration relating to the mission and programs of the
Department as he determines to be necessary and appropriate. "I? Under this mandate, HUD estab
lished an energy utilization and conservation research program to ensure utility services for
current and future population needs. The objectives are stated:

Provide utility services in an improved manner with advantages in total cost,
decreasing environmental impact and increased efficiency in the utilization of
natural resources.
Provide utility service capacity at a pace equal to the rate of growth of
new developments.
Make land available for development in areas that are not being serviced
by conventional utility systems or in areas which cannot be served by
existing, overloaded systems. 18
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The objective of the HUD-MIUS program is to demonstrate the "feasibility of the MIUS concept
as a potential alternate means of supplying utility services to communities and to assist in the
implementation by the private sector of such an alternate utility service concept."IS

The ultimate measure of success for HUD efforts in the MIUS program will be the degree of
implementation and unassisted replication of the MIUS concept by the private sector. IS
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4.3 EXISTING AIR QUALITY AND CHARACTERISTICS OF POLLUTANTS

Air pollution has long been a recognized problem in many major metropolitan areas. Emissions
from residential, industrial, and automotive sources frequently combine with local meteorology
and topography to produce unacceptable levels of air quality. When pollution reaches unacceptable
levels, vegetation, materials, and the health of urban residents are adversely affected.

Most causes and consequences of urban air pollution are well known and documented, but
relatively little has been done to correct undesirable situations. l It has taken near-catastrophic
episodes of air pollution for local officials to instigate controls on polluters. 2 However, as
the issue of air pollution became a national problem, the federal government instigated a series
of investigative actions (Sect. 4.2.2.2).

4.3.1 National ambient air quality

A necessary first step for the implementation of the Clean Air Acts was the determination of
existing air-quality levels within the United States. Monitors were installed in metropolitan
and rural locations to measure the presence and concentration of airborne pollutants. The air
quality data reported in Table 4.2 were compiled by the air-monitoring stations of the Continuous
Air Monitoring Program (CAMP) and the National Air Surveillance Network of the EPA.2 The values
represent annual average concentrations of pollutants for CY 1968 to 1970. The time span selected
for presentation depicts the most complete set of records available for a representative range of
locations.

To simplify the variety of complex air-pollution situations which exist across the continent,
the country was divided into five sectors - Northeast, Southeast, Northwest, Southwest, and Pacific
Coast. Several locations were provided within each sector to indicate specific pollution charac
teristics and denote possible trends in regional air pollution. Rural locations were also
included to provide estimates of background levels of air pollutants.

4.3.2 Federal standards

4.3.2.1 Air guality

Pursuant to tbe requirement of the Clean Air Acts and Amendments, the Environmental Protection
Agency (EPA) published ambient-air-quality standards for sulfur oxides, particulates, nitrogen
oxides, carbon monoxide, hydrocarbons, and photochemical oxidants. 3 The primary Federal Air
Quality Standards (FAQS) define minimum levels of air quality which the EPA administrator judged
necessary to protect the public health; the standards are supported by EPA criteria documents for
each of the major pollutants. Secondary standards have been proposed which are intended to protect
the public welfare from adverse effects on visibility, materials, weather, soil, water, vegetation,
and personal comfort. Both sets of standards are listed in Table 4.3. The long-term (annual
average) and/or short-term (24 hr or less) standards have been established for each pollutant
based on the best available evidence regarding the duration and level of exposure that can be
harmful to the public health and safety.

4.3.2.2 Significant harm levels

As a means of implementing the national ambient-air-quality standards, the EPA administrator
has promulgated regulations establishing requirements for the preparation, adoption, and submittal



Table 4.2. Annual average concentration of air pollutants in selected urban and rural locations
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Particulates, llg/m 3 1968 165 134 132 137 101 81 84 49 71 70 116 90 65 55 84 62 65 t
1969 186 116 124 116 89 78 71 64 76 78 113 91 78 61 54 73 54 w
1970 195113131 1222533 90 82 74 31 701029651 122 94 8257 50 73 6232 0

Sulfur oxides, llg/m 3 1968 314 66 79 209 7 10 15 29 31 11 10 10 9 8 26 11 17 9 6 12 11 26
1969 183 55 106 79 9 14 21 17 26 9 10 11 9 10 26 17 28 14 8 15 12 41
1970 106 37 79 106 7 9 15 19 6 7 6 6 6 26 11 8 8 7 9 21

Nitrogen oxides, pg/m3 1968 100 244 40 80 46 58 89 190 220 89 65 170 188 80 131 158 46 218 211 180
1969 100 225 60 80 37 79 126 180 114 82 29 140 60 64 115 47 180 200 178 22
1970 120 169 60 100 54 49 164 165 120 34 105 84 61 32 80 79 131 48 153 172 60

Carbon monoxide, mg/m3 1968 6.3 4.7 8.6 5.4
1969 7.9 5.1 3.3 5.7
1970 6.4 4.5 3.7 5.9 4.4a 2.1 a

Hydrocarbons, llg/m 3 1968 1933 1466 1933
1969 1800 1466 1666
1970 1333 1533 1733

aVa1ues represent geometric means for the period 1962 to 1967.
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Table 4.3. Federal air quality standards

Primary Secondary

Enforcement by No time limit on
summer 1975 enforcement

Particulates, /-lg/m3

Annual geometric mean 75 60
Maximum 24-hr concentrationQ

260 150

Sulfur oxides, /-lg/m3

Annual arithmetic average 80 (0.03 ppm) 60 (0.02 ppm)
Maximum 24-hr concentrationa 365 (0.14 ppm) 260 (0.1 ppm)
Maximum 3-hr concentrationQ 1300 (0.5 ppm)

Carbon monoxide, mg/m3

Maximum 8·hr concentrationa 10 (9 ppm) 10 (9. ppm)
Maximum I-hr concentrationa 40 (35 ppm) 40 (35 ppm)

Photochemical oxidants, J.1.gJm 3

Maximum };.hr concentrationa 160 (0.08 ppm) 160 (0.08 ppm)

Hydrocarbons, /-lg/m3

Maximum 3-hr concentrationa

(6-9 AM) 160 (024 ppm) 160 (0.24 ppm)

Nitrogen oxides, IJ,g/m 3

Annual arithmetic average iOO (0.05 ppm) 100 (005 ppm)
Maximum 24-hr average b b

aNal to be exceeded more than once a year.
bNo standard proposed.

of state plans for achieving these standards. The states are required to develop contingency
plans to prevent air-pollutant concentrations from reaching levels that could constitute imminent
and substantial danger to human health. The administrator has determined that it is necessary to
prescribe those pollutant concentrations that scientific data indicate to constitute significant
harm levels (SHL).4 The administrator has further defined the SHL as "an immediate and serious
threa t of s i gnifi cant harm to the health of any s ignifi cant porti on of the general popul ati on."
These SHL values are presented in Table 4.4.

Table 4.4. Significant harm levels

Particulates, /.Lg/m 3

24-hr average 1000
COHa 8

Sulfur dioxide, /-lg/m3

24-hr average 2620 (1.0 ppm)

Sulfur dioxide X particulates
24-hr average, (/-lg/m3 )2
S02 (ppm) X COH, 24-hr average

Carbon monoxide, mg/m 3

8-hr average
4-hr average
I-hr average

Nitrogen dioxide, Ilg/m3

24-hr <Jverage
I-hr average

QCOH -- Coefficient of haze.

490 X 103

1.5

57.5 (50pl'm)
86.3 (75 ppm)

144 1125 ppm)

938 <0.5 ppm)
3750 (2.0 ppm)
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4.3.3 Characteristics of pollutants

4.3.3.1 Sulfur oxides

Sulfur dioxide (S02)' sulfur trioxide, and the corresponding acids and salts (sulfates and
sulfites) are common atmospheric pollutants from the combustion of fossil fuels and from indus
trial processes. As a result of such activities, about 3 x 10 7 tons of sulfur oxides (SOx) are
released annually into the atmosphere of the United States. Gaseous SOx not removed from the
atmosphere by natural processes are eventually converted to highly reactive sulfuric acid. The
effects of airborne sulfuric acid on vegetation, materials, animals, and human health have been
discussed. 5

Laboratory observations of human respiratory irritation show a threshold response to S02
in the range of 14 mg/m 3 (~5 ppm), whereas at lower concentrations (~3 to 6 mg/m 3) detection
has been noted only in sensitive individuals. In higher concentrations (~30 mg/m 3), eye irrita
tion and bronchial spasms have been reported. 5

Of the cities reported in Table 4.2, only Chicago and Philadelphia had annual average
community levels of SOx that exceeded the long-term primary FAQS (in 1970), and no location
reported values greater than the significant-harm level. The highest values were reported for
cities in the Northeast, especially those east of the Mississippi River and north of the Ohio
River. In these areas, the major energy source is high-sulfur-content fossil fuels, such as
domestically mined coal or imported crude oil. 5 All the other locations reflect the effects of
the use of lower-sulfur fossil fuels (particul~rly low-sulfur coal) or a milder climate on local
air-quality levels. During the three years of reference, the substitution of natural gas, oil,
and low-sulfur coal for higher-sulfur-content fuels has decreased the annual average S02 concen
tration. To comply with the federal regulation governing this pollutant, the state or regional
air-pollution agency must take adequate measures to reduce the ambient SOx concentration to or
below the federal standard. Because of this, a MIUS might be restricted to using natural gas or
applying control devices for use in some or all of the most heavily polluted areas.

4.3.3.2 Particulates

Atmospheric particulate matter is produced from natural sources such as forest fires and
volcanic eruptions and from man-made sources such as combustion of fossil fuels, industrial pro
cesses, and agricultural practices. Particulates can be classified as primary (introduced into
the atmosphere in particulate form) or secondary (formed in the atmosphere by physical or chemical
processes). Because there are many different sources and processes of particulate formation,
particulates are heterogeneous in both size and chemical composition. It is difficult to ade
quately assess the importance of particulate emissions in atmospheric pollution because of the
complexity of composition.

Traditionally, particulate concentrations in the atmosphere have been reported in terms of
mass units (i.e., ~g/m3). This approach has been questioned because there the data do not
indicate the number of particles. Recent inquiries into the effects of fine particulates
(2 ~ in diameter) on human beings and the environment have focused attention on the possible
need for both ambient and emission standards. 6 Medical evaluations indicate that, contrary to
earlier opinions, particulates less than 2 ~ in diameter effectively bypass respiratory filtra
tion processes and become lodged in the lungs. In addition, fine particulates are thought to be
responsible for haze formation, visibility reduction, and potential weather modification. 7
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New Mexico became the first state to legislate power-plant-emission standards for fine
particulates (March 1973). Other state agencies and the EPA are reportedly considering the
problem of establishing meaningful ambient standards specific to fine particulates. If developed,
these standards would probably be directed toward electric-generating facilities and selected
industries. It is conceivable that stationary electric-generating facilities of the MIUS type
might be expected to comply with any future regulations.

The question of emission regulation to control the chemical composition of particulates is
being addressed by the EPA in its investigation of hazardous chemical pollutants. 6 It is recog
nized, on both a regional and global scale, that particulate emissions play an important role in
the transportation and distribution of lead, zinc, barium, vanadium, and other substances.

The particulate values reported in Table 4.2 indicate that most of the urban areas of the
Northeast, Northwest, Southeast, and Southwest exceed the maximum allowable annual average con
centration of 75 ~g/m3. The urban areas of the Pacific Coast and all rural locations were below
this value. The significant-harm level of 1000 ~g/m3 (24-hr average) is 5 to 10 times greater
than that of any of the reported locations.

Noticeably high values were reported for several areas of the Northeast where the cities of
Chicago, Philadelphia, and St. Louis recorded ambient means more than 1.6 times higher than the
standard. Control measures that may be employed to attain compliance include restrictions on
solid-waste incineration, bans on use of solid fuels for space heating, and substitution of low
sulfur fuels.

If unacceptable levels of particulate pollution can ultimately be traced to the use of coal
for space heating, solid-waste incineration, and poorly operating apartment-house boilers, sub
stitution of a MIUS-type installation to supply these services would sUbstantially reduce
particulate pollution.

4.3.3.3 Particulates and sulfur oxides

Sulfur dioxide (S02) in the atmosphere is thought to be more irritating to the human respira
tory system when inhaled with quantities of particulate matter. The potentiation by particulate
matter of toxic responses to S02 (synergism) has been reported to occur under conditions that
promote the conversion of S02 to sulfuric acid.

Although there are currently no primary or secondary air-quality standards for the combination
of particulates and,sulfur oxides, a significant-harm level (SHL) has been established. The SHL
for this combination is defined as the product of S02 and particulates equal to 490 x 103 (~g/m3)2,

24-hr average; or the product of S02' in parts per million, 24-hr average, and coefficient of haze,
24-hr average, equal to 1.5.

4.3.3.4 Nitrogen oxides

The class of compounds collectively referred to as nitrogen oxides (NOx) has a twofold
potential for adverse environmental impact. In sufficient concentration, NOx is a prime component
of the process of photochemical-oxidant formation.

In man, the nitrogen dioxide (N02) odor threshold is reported to be from 1 to 3 ppm, and
concentrations at or near 13 ppm produce eye and nasal irritation. More serious effects, such
as pulmonary edema, bronchitis, and death, have been observed after exposure to higher concentra

tions of N0 2 (150 ppm) for extended periods.
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The role of NOx in the formation of photochemical oxidants has received extensive study,
and, as a result, much information is available in the literature. s The generation of oxidants
is a complex function of the interaction of certain hydrocarbons and hydrocarbon oxidation pro
ducts with the NO z photolytic cycle. Because of the intricate interaction between NOx and
hydrocarbon pollutants, further discussion of photochemical-oxidant formation may be found in
the section on hydrocarbon emissions.

Examination of the annual ambient concentrations of NOx in urban and rural locations reveals
that there are metropolitan areas in all regions that exceed the primary FAQS.* In the eastern
United States, only the cities of St. Louis and Philadelphia and three rural areas showed values
at or below the standard for the year 1970. The western regions (Southwest, Northwest, and Pacific
Coast) appear to be the reverse of the eastern regions with only Oklahoma City, Salt Lake City,
San Francisco, and San Diego reporting unacceptable NOx levels. The Pacific Coast region is
notorious for the mix of meteorological conditions and man-made pollution that combine to produce
photochemical smog, of which NOx is a prime component. The cities of San Diego and San Francisco
are in this smog-prone area, which could possibly explain their high annual average concentrations.
In contrast, the Seattle-Tacoma area indicated a value of only 60 ~g/m3, more than one-half the
concentration of the southern Pacific Coast region.

Even though several cities reported NOx concentrations exceeding the FAQS, no location reported
values approaching the SHL of 2620 ~g/m3 (24-hr average).

4.3.3.5 Carbon monoxide

The effects of carbon monoxide (CO) on human health are markedly different from those produced
by the other major pollutants - CO is the only pollutant whose effects are both temporary and
reversible. Although lethal in very high concentrations, exposure to nonlethal doses of CO
usually results in drowsiness, failure to respond promptly to stimuli, or increased strain on
the heart and lungs. Symptoms can be reversed by removing the subject to environments with low
CO concentrations.

Because CO does not appear to produce adverse effects in low concentrations, it is meaningless
to discuss annual average concentration levels of this pollutant. The most significant unit of
measure is the short-term high-level concentrations that may occur for only a few hours of the day
(e.g., the hours of peak rush-hour traffic). In this context, the primary FAQS for CO have been
defined for maximum allowable 8- and l-hr concentrations. The standards have been established at
ambient concentrations of 10 mg/m3 (9 ppm) for 8 hr of continuous exposure and 40 mg/m3 (35 ppm)
for 1 hr of exposure. These standards are below the lowest CO concentrations of 55 mg/m3 (50 ppm)
reported to cause adverse effects. 9 It appears that the lack of sufficient data has resulted in
the establishment of CO standards at the current levels. Future investigations into this area
may lead to further reductions in the FAQS, and it has been proposed that "a serious effort is
being made to protect the populations from CO exposures that might result in observable loss of
response: (which is) a behavorial effect, certainly well below the levels where any health
effects are suspected."9 This may be the first instance in which an atmospheric pollutant has
been evaluated on its capacity to influence human behavorial patterns rather than on its detectable
adverse influence on human health.

*The EPA determined in 1973 that the standard NOx analytical procedure, the Jacobs~Hochheiser

procedure, overestimated the NOx concentration. Thus, the reported NOx values are high by
some undetermined amount.
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Because of the relatively recent concern over ambient levels of CO, there is a general lack
of data on past or existing CO levels. The available data came from three stations in the North
east sector, one in the Northwest, and one in the Pacific Coast sector. All the stations reported
annual average concentrations below the 8-hr-maximum FAQS. The range of CO values ran between
2.1 and 8.6 mg/m3 • Since these average values are about the same as the standards, it is con
ceivable that all locations could experience concentrations above the standards during the year.
However, it is unlikely that the SHL value of 57.5 mg/m 3 (8-hr average) would be exceeded at any
of the reported locations.

4.3.3.6 Hydrocarbons

Unlike the four previous pollutants, the air-quality criteria for hydrocarbons (HC) are not
based on proven adverse effects on human health or comfort, agriculture or materials, visibility,
or climate. Attention was initally focused on the role of HC pollutants in the photochemical
smog problem. The three key components of this phenomenon are thought to be (1) hydrocarbons,
which serve as the basic materials from which more reactive compounds are formed; (2) nitrogen
dioxide, which is one of the predominant free-radical initiators; and (3) sunlight, which supplies
the energy input to drive the various processes. Of these three, an HC source is mandatory before
the processes can begin. Since the most critical time period for development of photochemical
smog is between 6:00 and 9:00 AM, the maximum 3-hr FAQS for hydrocarbons was established by the
EPA for this time period. IO

Because of the theoretical and analytical complexity of the photochemical HC problem, many
regions of the country have not been as intense in their atmospheric sampling of HC pollutants
as in the sampling of other pollutants. However, three Continuous Air Monitoring Program (CAMP)
stations have compiled data on ambient HC concentrations for Chicago, Philadelphia, and Denver.
At all locations, the annual average ambient HC concentration approached a level almost an order
of magnitude higher than that specified as the FAQS maximum allowable 3-hr concentration.

For compliance to be attained by these, and possibly other locations, there appear to be
only two feasible alternatives. The first would require the instigation of emission-control
statutes governing all types of potential HC sources. The mandatory controls would be initiated
to make all potential polluters attain some feasible level of reduction.

The alternative approach is to demand further definition of the term hydrocarbon, since the
existing interpretation is somewhat broad. It would seem justifiable to request emission and
ambient limits on selected families and/or indicator species that could be more accurately
monitored. Currently, there is little indication of a means of classifying the HC pollution
problem of an area. The subject must be investigated further before an acceptable alternative
can be offered.

4.3.3.7 Photochemical oxidants

Of all the major air pollutants, photochemical oxidants constitute the only group that MIUS
does not emit to the atmosphere. Photochemical oxidants originate from complex atmospheric inter
actions among oxygen, sunlight, oxides of nitrogen, hydrocarbons, and local meteorology. The most
notable of the photochemical oxidants are ozone and peroxyacetyl nitrates. Oxidants are included
within the FAQS because of their demonstrated detrimental effects on both biological systems and

materials. 11
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Until now, photochemical oxidants have been excluded from discussions of air quality because
they are not directly emitted from any of the MIUS utility processes. Also, the FAQS established
for NOx and HC take into consideration their role in the formation of these oxidants. Because the
presence of photochemical oxidants is dependent on other factors such as topography, meteorology,
and time of day, oxidants will be recognized as a potential air-pollution problem associated with
the operation of the MIUS; however, photochemical oxidants must be considered in the realm of
unique air~pollution problems. The amounts of pollutants generated by the reference MIUS would
not contribute significantly to the production of photochemical oxidants, especially in locations
not ideally suited for their production.

4.3.3.8 Hydrogen chloride

Compared with the major air pollutants discussed, hydrogen chloride (HC1) is a much less
ubiquitous air contaminant. Hydrogen chloride is one of the three largest emissions by weight,
from incineration of solid wastes.

The environmental and health considerations of HCl air effluents have recently been reviewed
by the U.S. Public Health Service. 10 The American Conference of Governmental Hygienists (ACGH)
has adopted 7000 ~g/m3 (5 ppm) as the threshold concentration for HCl for an 8-hr work day, 5-day
week. West Germany has established an ambient-air-quality standard of 0.5 ppm (about 700 ~g/m3)

HCl for a 30-min mean average, and Russia has set a more restrictive level of 15 ~g/m3 (0.009 ppm)
as a 24-hr maximum average ambient air concentration. In man, odor threshold values of 100 to
14,700 ~g/m3 have been reported. Mucous-membrane irritation occurs at 14,700 ~g/m3. Brief
exposure (30 to 60 min) at much higher concentrations (1.5 x 106 to 2 X 106 ~g/m3) is considered

dangerous, and exposures at concentrations higher than 2 x 106 ~g/m3 result in death. No organic
damage is thought to occur in man at 7000 ~g/m3.

4.3.4 Summary and conclusions

Air pollution of metropolitan areas is a well-documented and recognized problem for most
American cities. In this section, annual average air-quality levels are reported for selected
urban and rural locations in five geographic areas of the United States - Northeast, Southeast,
Southwest, Northwest, and Pacific coast. The air quality of these locations is compared with
the FAQS for the following pollutants: sulfur oxides (S02), particulates, nitrogen oxides (NOx),
carbon monoxide (CO), and hydrocarbons (HC). The five atmospheric pollutants were described,
with emphasis given to ambient concentrations known to produce adverse effects on public health
and the environment, on trends in regional air quality, and on the implications of regional air
quality on introduction and operation of a MIUS installation. The major conclusions regarding
the potential impact of existing air quality on MIUS acceptability are summarized below.

4.3.4.1 Sulfur oxides

Pollution levels of S02 in several northeastern urban areas are close to or above the primary
FAQS. Generally, these levels have been decreasing as a result of replacing high~sulfur fuels such
as coal and crude oil, with low-sulfur-content distillate oil and natural gas. The concept of fuel
substitution could also apply for a MIUS proposed in a high-S02 environment (i.e., a MIUS might
operate with natural gas in the heavily polluted areas).
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4.3.4.2 Particulates

As with S02' the particulate level in many urban areas equals or exceeds the primary FAQS.
These unacceptable particulate levels may be the result of faulty space-heating and solid-waste
incineration equipment; in this, even a MIUS-type installation could make a significant reduction
in the particulate pollution of urban areas.

4.3.4.3 Nitrogen oxides

Nitrogen oxides (NOx) have a dual role in the air-pollution problem. As an atmospheric
pollutant, NOx can be directly detrimental to public health and can also contribute to the
formation of photochemical oxidants. The annual average concentration of NOx reported for all
locations was well below the concentration necessary to produce health effects. However, many
urban locations reported NOx values that did exceed the primary FAQS. In 1973, the EPA determined
that its NO x analytical procedure was invalid; this revelation places all preceding data in
question.

4.3.4.4 Carbon monoxide

Concentrations of CO from the few existing monitoring stations indicate levels of 40 to 60%
of the existing FAQS (8-hr maximum concentration). There is an obvious need for more data on the
average and short-term concentrations of CO from a variety of rural and urban locations.

4.3.4.5 Hydrocarbons

Atmospheric HC are thought to be the organic feedstock from which photochemical oxidants
are produced. The time of day during which HC pollutants are available for conversion is critical
to the formation of photochemical oxidants; this is the reason for establishing time parameters in
the HC FAQS. Unfortunately, the data available from the CAMP stations are not specific for the
FAQS time interval and, therefore, have limited utility. However, these data show that all
reporting locations exceed the FAQS by an order of magnitude. The group of HC is one class of
pollutants that obviously requires further definition and investigation.
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4.4 POTENTIAL MIUS MARKET

This section characterizes the current residential-commercial sector of the U.S. housing
market and makes projections of what this sector will be in the future. This information will
be used to identify the potential market for MIUS-type utility systems. Estimates of housing
requirements can be made using some or all of the following information.

1. The number, type, and geographic distribution of current new-dwelling construction,
2. Using census projections, the number, type, and geographic location of fore

casted housing,
3. The number, type, and ownership of current housing.

Based on the published information, an upper-limit market has been selected for MIUS appli
cations, and an estimate was made of the size of the development that would be the likely market
for MIUS application (Sect. 3.9). Model analyses conducted to date in the ORNL-MIUS program
indicate that 500-dwelling-unit projects are within the limits of economic feasibility. The
estimate of the minimum number of units in a project may be reduced by further analysis and the
actual number may be even less because of the inherent advantages of a MIUS (such as energy
saving, a solution to local site problems, or to counteract a local building moratorium). Al
though no published data delineate this market sector, major portions of it have been identified
and analyzed.

4.4.1 Current housing patterns

A census of housing was included as part of the 1960-1970 census program, which was designed
to define current housing patterns in the United States. Features of housing such as number of
housing units at each address, number of rooms in units, occupancy, ownership, plumbing fixtures,
and access were tabulated.

Since MIUS may have its greatest applicability in medium- or high-density apartment housing,
the housing census can be used to provide data on housing as a function of the number of housing
units at one address. 1-3 This information is presented in Table 4.5. Table 4.5 gives the 1970
Census results, on the basis of the number of units in housing structures, in terms of whether
they are occupied by an owner, a renter, or are vacant. These data result from the 15 and 5%
census samples, and, as a result, the total number of housing units is not equal to the totals of
the 100% count.

Table 4.5 also indicates that the most common type of housing in the United States is the
single-family home. However, it can also be seen that most of the single-family dwellings are
owner occupied and that most of the multiunit structures are renter occupied.

Unfortunately, the census data do not tabulate the number of buildings that make up the
data in Table 4.5. This seems to be a result of the security requirements for the census, which
are designed to protect the responders. Another problem with the census data is that the census
represents only "a point in time," and, since the census is only taken every ten years, only
trends in housing over the ten-year period can be analyzed.

Another source of information on trends in housing construction is provided by the Bureau of
the Census. They compile and publish a report series (Construation Reports) that lists housing

starts on a monthly and quarterly basis (series C-20).4 Table 4.6 tabulates multiple and total
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Table 4,5, Total, owner, and renter occupancy of
housing units (1970)a

Units in Total Units Owner Occupied Renter Occupied Vacant
Structure

1, Detached 44,800,684 34,396,808 7,736,306 2,667,570
1, Attached 1,989,867 1,112, ;,;'6 794,284 f,3,0:,>'1
2 Units 5,443,910 1,706,430 3,401,876 335,604
3-4 Units 3,563,040 454,406 2,815,867 292,767
5-9 Units 2,682,377 149,403 2,283,722 249,252
10-19 Units 2,564,873 90,881 2,219,133 254,859
20-49 Units 2,123,123 76,915 1,872,645 173,563
50 or More 2,458,823 146,494 2,144,609 197,220
Mobile Homes 2,072,887 1,751,682 321,205 0

Totals 67,699,084 39,885,545 23,559,647 4,253,892

aBased on 15 and 5% housing sample in 1970 Census,

housing starts in the United States from 1965 to 1973 on a privately owned and publicly owned
basis. Table 4.6 also shows total housing starts, from refs. 4 and 5. Table 4.6 shows an
increasing trend in construction of multifamily units in the private and total sectors. The
share of the total housing market is smaller in the public sector, but these types of housing
units are predominately of multifamily housing. There has been an indication of changes in
housing characteristics to multifamily units in recent years. In fact, the National Association
of Home Builders reports that multifamily housing could capture 50% of the housing market in
the near future,6 which is in agreement with Bureau of Building Marketing Research. 5

Table 4.7 presents a tabulation of the number of privately owned apartment buildings
(defined as five or more dwelling units per building) as a function of the number of units in
the building. It can be seen that the majority of the apartment buildings contain less than 20
units and that large apartment buildings with 50 units or more are only built at the rate of
2000 or less buildings per year. However, data are not available to determine how many of each
size apartment building might be included at one site. Information on the mix of housing for
"typical development" appears to be nonexistent, or so highly variable as to be impossible to
quanti fy.

4.4·.2 Future housing requirements

The use of MIUS in future hous i ng deve1opments will depend on hous i ng cons truct i on and the
availability of conventional utilities in the area. Future housing demands are extremely diffi
cult to estimate because of variations in birth rates, migration patterns, and lack of data on
the need to replace existing deteriorated units. Currently, three sources have been found that
estimate new housing starts required to meet future needs. These are the National Association of
Home Builders (NAHB), the Department of Agriculture (USDA), and the Mitre Corporation.
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Table 4.6. New pub1ica11y owned and
total housing units started

Year T01;al units
(Tnousands)

Multi-units
(Thousands)

Multi-units
('to of total)

Public-owned starts 1

1965
1970
1971
1972
1973

36.9
35.4
32.3
21.9
12.2

35.7
33.2
30.4
20.4
11.1

96.7
93.8
94.1
93.2
91.0

Total private- and public-owned starts
from "Construction Reports"l

1965
1970
1971
1972
1973

1510
1468
2084
2379
2057

545
653
931

1141
924

36.1
44.5
44.7
48.0
44.9

Total private- and public-owned starts from
Bureau of Building Marketing Research2

1970 1434 657 45.8
1971 2052 1014 49.4
1972 2357 1241 52.7
1°7; 2042 1117 54.7/,~

1974 (projected) 1830 1044 57.0

Sources:
-. Construction Reports, U.S. Department of Commerce, Bureau

of the Census Publication Series C-20 (1973).
2. "Where is the Multi Market GoinG?" Professional Builder _

Apartment Business, Cahners publication (April 1974).

4.4.2.1 Projections of U.S. population

Estimates of population growth are essential to any projection of housing demand. The
Bureau of the Census, in addition to conducting the census of population every ten years, periodi
cally makes projections of future population growth. 7 In making these projections, various
fertility levels and immigration rates are assumed. The current projection series are labeled
C, D, E, and F. Series C assumes that the completed cohort fertility rate would be 2.78 children
per woman, series D assumes 2.45 children per woman, series E assumes 2.11 children per woman
(replacement level), and series F assumes 1.8 children per woman, which is less than past histor
ical records would indicate. Each of the projections also includes 4,001,000 immigrants per year
into the United States. Additional detail on the methodology and assumptions used in making the
census projections can be found in various census publications.

In 1972, the Bureau of the Census first made the series F projection on the basis that
observed birth rates had decreased dramatically and could continue to decrease in the future. s

Whether this predicted birth rate will be achieved or maintained is the subject of much specula
tion. For purposes of this report, it has been assumed that census series D, basically based on



Table 4.7. Humber of privately owned apartment buildings started, by number of
housing units in the bUi1dinga

Humber of units in Number of buildings (in thousands)----_¥..... _- ~._-_._ ..__.__..

building 1965 1966 1967 1968 1969 1970 1971 1972 1973

Tota1sb 24.3 19.1 23.1 32.4 35.5 31.7 49.0 56.8 50.8
-I'>
I

5 to 9 units 10.6 8.5 11.4 15.8 16.7 14.3 22.1 26.9 26.2
-I'>
N

10 to 19 units 8.2 6.4 7.1 10.5 12.3 11.3 17.5 19.1> 15.6
20 to 29 units 2.8 2.2 2.5 2.8 3.3 3.2 5.3 5.5 4.3
30 to 39 units 1.8 1.2 1.3 1.9 1.8 1.5 2.3 2.8 2.8
SO units and over 1.0 0.7 0.9 1.3 1.3 1.4 1.8 2.0 1.9

arn this compilation an apartment building is defined as having more than 5 dwelling units.

bcomponents may not add due to rounding.

Source: Construction Reports, U.S. Department of Commerce, Bureau of the Census Publication Series C-20 (1973).
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birth rates of 1968, will be used wherever possible. (Information has been taken from a number

of sources and it has been impossible to obtain estimates using the same census projections in

all cases.) Table 4.8 presents the various census series projections made in 1970 and 1972. 7 ,8

4.4.2.2 Existing projections on housing

Although the Bureau of the Census does a census of hous i ng every ten years, they do not make

hous ing projecti ons. The only other federal agency projections we have found are by HUD and are

less than five-year projections. The National Association of Home Builders (NAHB) and the U.S.

Department of Agriculture (USDA) have made projE~ctions of potential future housing requirements.

The NAHB projections are for total housing units only, and are not broken down into single- and

multi family units. 9 The USDA projecti ons, whi ch were developed to determi ne needs for wood in

construction, are broken down into single- and multifamily housing units on an entire U.S. and

census-region basis. IO The Mitre Corporation has used the NAHB estimates and extrapolated them,

using various ratios to estimate demand for sinule-family housing. The following is a descrip

tion of the existing housing projections.

National Association of Home Builders

Each year the NAHB makes projecti ons of changes in the number of households, net removal s of

housing from occupancy, etc., and then makes estimates of the housing demand and the annual

building program required to meet the estimated demand. The NAHB projections are considered most

reliable because they include factors related to housing stock as well as population. Estimates

are routinely reported in Economic News Notes for the Building Industry, published by the NAHB.9

Mitre Corporation

In a study done by the Mitre Corporation, NAHB projections are extrapolated from 1980 to

1990 using past trends in the number of housing units and assumed numbers of residents per unit. II

Assumptions were also made on the percent of all new housing units that would be single-family

homes.

U.S. Department of Agriculture

In 1972, T. C. Marcin prepared a report entitled Projections of Demand for Housing by Type

of Unit and Region. 10 In this report, using population data from the census projections of 1970 7

and various assumptions about housing characteristics, Marcin calculated the projected demand for

single- and multifamily housing in the four census regions and for the entire United States. The

results of Marcin's calculations for the entire United States are shown in Table 4.9 along with

the NAHB estimates for comparison. Table 4.10 shows the results of Marcin's estimates by census

region, with mobile homes excluded.

Marcin's estimates indicate that the greatest amoung of new housing will occur in the

southern census region, whereas the greatest percentage of multifamily housing will be in the

northeast section of the country.
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Table 4.8. Census projections of u.s. population (thousands)

1970 1972
Year Series Series

B C D E C D E F

1960 18o, 684a 18o, 671a

1965 194, 592a 194,303a

1970 205,456 205,357 205,167 205,070 204,87~

1972 208,83 '(2

1975 219,101 217,557 215,588 214,735 215,872 215,324 213,925 213,373

1980 236,797 232,412 227,510 225,510 230,955 228,676 224,132 221,843

1985 256,980 249,248 240,925 236,918 248,711 243,935 235,701 230,913

1990 277,286 266,319 254,720 247,726 266,238 258,692 246,639 239,084

1995 297,884 283,180 267,951 257,345 282,766 272,211 256,015 245,591

2000 320,780 300,789 280,740 266,281 300,406 285,969 264,430 250,686

aEstimates.

Sources:

1. "Projections of the Population of the United States, by Age and Sex: 1970 to 2020," U.S.
Department of Commerce, Bureau of the Census, Current Population Reports, Series p. 25,
No. 448 (August 1970).

2. "Projections of the Population of the United States, by Age and Sex: 1972 to 2020," U.S.
Department of Commerce, Bureau of the Census, Current PopuZation Reports, Series P-25, No.
493 (December 1972).

All the housing projections found to date appear to use different methodologies, assumptions,
and initial population estimates. However, total housing demand estimates do not appear to be
significantly different. The major disagreement seems to be the ratio of single- and multifamily
units that make up the potential demand. Marcin's estimates are lower in multifamily units than
the Mitre figures; however, based on current information, the 62% share of the housing market by
single-family units, assumed by Mitre for the future, may be too high. Personal opinions toward
multifamily housing appear to be changing, although it is not apparent whether or not this trend
will continue. Also, it is not clear whether the type of multifamily housing will be large high
rise buildings, garden apartments, or townhouses. Since a MIUS would be most applicable to medium
and high-density housing, the market potential for a MIUS can be forecast only with considerable
uncertainty.
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Year

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1985c

1990c
1995c

2000c

Table 4.9. Housing unit demand projections: 1970-2000 (thousand
units per year)

NAHB Marcinb
Total Total Single Single Mu1ti- Mobile
unitsa units family family unit homes

% total

2160 1866 814 43.6 651 401
2009 2325 1008 43.3 898 419
2507 2463 1082 43.9 914 469
2377 2474 1104 44.6 893 477
2468 2499 1082 43.2 913 504
2551 2523 1072 42.5 924 527
2640 2504 1059 42.3 903 542
2720 2615 1221 46.7 865 529
2691 2679 1260 47.0 877 542
2697 2731 1255 46.0 907 569
2687 2781 1271 45.7 924 586

2796 1446 51.7 794 556
2697 1526 56.6 670 501
2678 1478 55.2 698 502
2940 1418 48.2 902 621

aNAHB is from Economic News Notes for the Building Industry, National Association of
Homebuilders, Washington, D.C., 18(7): 1-4 (July 1972). Includes mobile homes census.

C11arcin's Series 2 in T. C. Marcin, Projections of Demand for Housing by Type of Unit
and Region, U.S. Department of Agriculture Handbook No. 428, Forest Service (}~y 1972).
Census Projection Series D.
~1arcin reports yearly data to 2020, only 5-year intervals reported here.

4.4.3 Market analysis

The MIUS concept appears to be economically viable for medium- to high-density housing
developments but not for single-family housing. As a result, the market potential for MIUS will
be highly dependent on the types of new housing developments needed to supply the needs of an
increasing population. Analysis of existing information on housing developments indicates that
there is no "standard" housing development. However, there are some guidelines that indicate
what should and should not be incorporated into new housing developments. Also, there is an
indication that opinions toward living in multifamily rather than single-family housing may be
changing; however, there is no assurance that this will continue. As a result, future projec
tions will assume that housing will be essentially the same as that experienced at the current

time.



Table 4.10. Single and multifamily housing unit projections by census regions (1970-2000)a

Northeast North central South West

Total One-un i t Multiunit Total One-un i t Mul t iun i t Total One-un i t Multiunit Total One-un it Multiunit

Thousand Thousand Percent Thousand Thousand Thousand Percent Thousand Thousand Thousand Percent Thousand Thousand Thousand Percent Thousand

un i tS un i ts of total un i ts un i ts un i ts of total un i ts un i ts un i ts of total un i ts un i ts un i ts of total un i ts

1971 341 121 35.5 220 447 249 5.5.6 199 688 414 60.1 274 429 224 52.2 205

1972 364 134 36.7 230 481 273 56.7 208 703 434 61.6 270 447 241 53.9 206

1973 376 141 37.6 235 476 276 58.1 200 69~ 439 62.9 25~ 446 247 55.3 I~9

1974 363 134 36.8 229 473 269 57.0 203 707 435 61.5 272 452 244 53.9 209

1975 360 131 36.5 229 471 266 56.6 204 705 430 61.0 275 460 244 53.2 215

1976 364 133 36.7 231 473 268 56.7 205 695 426 61.3 26~ 430 232 53.8 199

1977 390 157 40.4 232 506 309 61.1 197 735 485 66.0 250 456 270 59.2 186

1978 400 163 40.8 237 518 319 61.6 199 751 499 66.4 252 467 279 59.8 188

1979 406 163 40.1 243 524 318 60.6 207 758 496 65.4 262 474 279 58.7 196

1980 412 165 40.0 247 533 322 60.5 210 768 501 b5.3 267 482 283 58.7 199 ..,.
1981 401 160 40.0 241 530 320 60.4 210 781 508 65.0 273 479 281 58.6 199 I..,.
1982 412 180 43.9 231 549 358 65.2 191 809 568 70.2 241 496 318 64.1 178 Q)

1983 408 179 43.8 229 547 356 65.1 191 809 568 70.2 242 4~6 318 b4.1 178

1984 407 180 44.2 227 548 359 65.6 189 813 5711 70.6 239 498 322 64.6 176

1985 397 179 45.1 218 541 361 66.7 180 808 580 71.8 227 494 326 65.9 169

1986 380 176 46.4 204 529 361 68.3 168 811 597 73.6 214 500 339 67.8 161

1987 370 175 47.3 195 522 363 69.5 159 807 605 75.0 202 498 345 69.3 153

1988 362 175 48.2 188 517 365 70.6 152 806 614 76.2 191 496 351 70.6 146

1989 350 171 48.8 179 506 361 71.3 145 7~8 615 77.1 182 491 352 71 .6 139

1990 361 175 48.5 186 519 368 71.0 150 815 626 76.7 190 502 357 71 .2 145

1991 330 164 49.8 165 492 357 72.7 134 797 628 78.8 169 496 365 73.6 131

1992 342 167 48.9 175 506 362 71 .5 144 817 632 77 .4 184 509 366 72.0 143

1993 334 162 48.5 172 499 354 71.0 144 811 624 76.9 187 505 361 71 .5 144

19~4 341 164 48.1 177 507 357 70.5 150 823 628 76.3 195 513 363 70.7 150

1995 338 159 47.1 179 504 349 69.3 155 822 615 74.9 206 512 355 69.2 158

1996 326 151 46.5 174 494 338 68.5 156 824 610 74.1 213 518 354 68.4 164

1997 340 153 45.1 186 508 339 66.8 169 841 606 72.1 235 530 350 66.1 179

1998 347 152 43.7 195 515 335 65.0 180 851 596 70.1 255 536 343 64.0 193

1999 356 155 43.5 201 526 340 6".8 185 868 605 69.8 262 547 348 63.6 199

2000 361 152 42.1 209 530 334 62.9 197 875 592 67.7 283 552 339 61.4 213

aMarcin Series 2, Bureau of the Census Series 0 (excludes mobile homes).
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It appears that the annual housing demand in the United States is close to 3,000,000 units/
year and will maintain this level during the period from 1980 to 2000.* During this period,
about 50% of the housing units will probably be of the multifamily type. Thus, the market poten
tial for MIUS-served housing complexes would consist of 1,500,000 units/year if all the new multi
family housing units were served by MIUS.

Tables 4.6 and 4.7 show that current housing is primarily single family, although current
construction indicates about equal preference for multifamily (apartment-type) housing. In 1969,
the NAHB surveyed its membership on housing units built and determined the distribution of types
of multifamily construction in the United States (Table 4.11). In this tabulation, a high-rise
apartment building is defined as having nine or more floors, a medium-rise apartment as having
four to eight floors, and a garden apartment as having one to three floors. This information and
the information in Table 4.7 illustrate that the high-rise market is about 5% of the current
housing market.

Table 4.11. Types of multifamily developments in 1969a

Type Percent of Market

High rise 4.2

Medium rise

Garden apartment

Townhouse

Duplex

4.7

72.5

15.3

3.3

art must be remembered that this type of housing is 50% or
less of the current market.
~: II. Sumichrasi and S. A. Frankel, Profite of the
Builder and His Industry, National Association of Homebuilders,
Washington, D.C. (1970).

The size distribution of multifamily project starts in 1970 from a survey of HUD-insured
mortgages and a survey (by the National Aeronautics and Space Administration) of Houston is shown
in Table 4.12. Data were also listed for existing multifamily developments in Houston in 1970.
It is recognized that (1) HUD-insured housing represents only part of total new construction; (2)
HUD-insured housing may not include the very large, private developments; and (3) Houston may not
represent a typical, or average, metropolitan area. These distributions do, however, illustrate
the range of uncertainty in projections of the MIUS market.

*This analysis was developed in 1973 when new-housing starts were about 3,000,000 units/year.
In 1974 and 1975, housing starts decreased significantly from this level. High interest rates,
availability of financing, and the federal moratorium on federal housing programs contributed to
a decline in housing construction. In 1974, it was estimated that only 1.35 million units were
constructed, and it is not clear when the higher levels (~3,000,000 units) will be achieved.
However, the ORNL-MIUS program office has decided not to use the lower value since, if the
environmental impact of MIUS's share of the larger estimate is not objectionable, then a smaller
market penetration should be acceptable. The decline in housing production may be reversed
during the 1980s because of demands not met in the 1970s. However, long-range forecasts of
housing construction must take the current low rate into account. Current discussions among
housing specialists focus on whether construction can be brought up to a level between 1.8 and
2.3 million units annually by 1980. It is recognized that these figures are a very rough esti
mate and cannot be relied on. Some experts anticipate that the housing market will be completely
changed as a result of the current slump. In later stages of the MIUS program, it may be desir
able to develop new projections that will give more accurate year-by-year projections.
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Table 4.12. Multifamily developments in 1970

Percent of Projects
Multi-family
Project Size

No. of Units/Project

HUD
Insured

(1970)

Houston Existing
Construction Houston

(1970) (1970)

50 or more 93 94 88

100 or more 72 85 74

150 or more 52 72 59

200 or more 28 60 45

Based on HUD data in Table 4.12, it appears that the number of apartment building develop
ments having more than 200 units represents only about 28% of the total U.S. multiunit housing
market.*

Because of environmental considerations and the possibility of energy shortages, there should
be a market for MIUS in future years. Unfortunately, until future trends in housing requirements
are better developed (if multifamily housing continues to increase) it will not be possible to
accurately forecast the anticipated housing market. Service for 400,000 housing units/year
provided by MIUS during the period of 1980 to 2000 is estimated. This estimate is based on 50%
of all housing being multifamily type and on 28% of the multifamily developments being large
enough to be served by MIUS. The 50% multifamily housing estimate is a little higher than the
current values (Table 4.6). The 28% value for developments large enough for MIUS is based on the
information in Table 4.12, assuming that projects of 200 or more units are large enough. If it is
determined that MIUS can serve projects as small as 100 units, the housing market would about
triple (~1,080,000 units/year). However, if MIUS is only applicable to projects larger than 500
units, the housing market would be substantially lower unless there is a significant change to
larger size projects.

4.4.3.1 Geographic distribution

States having the greatest rate of population growth can be expected to have the greatest
housing demand. Unfortunately, Marcin did not break his analysis down any further than the four
major census regions. 10 As a result, statewide trends are not apparent in his data. A recently
published study tabulates the ten states having the largest amounts of multifamily housing
starts. s These data are shown in Table 4.13. It can be seen that these ten states will have
over 50% of the population growth and multifamily housing starts. Also, California will have
the greatest number of townhouses and 2-4-plexes, whereas Florida and Texas will favor multi-unit
structures.

*Using the estimate of 3,000,000 units/year with 50% being multifamily, and 28% of the units
being in developments having 200 units or more, a potential market of 400,000 units/year can be
determined. However, the Houston, Texas, information (Table 4.11) indicates the HUD data may be
low. Using an average of 50% and the estimated current building rate of around 2,000,000 units/
year (see footnote in Sect. 4.4.3), then a figure of 500,000 units/year can be derived. This
assessment will use the 400,000 unit/year estimate.
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Table 4.13. Top ten states in multifamily starts, 1973

Townhouses and Units in structures
Percentage of total

State
2-4-p1exes with 5 or more units Total U.S. population

growth

1. California 71,000 108,000 179,000 18

2. Florida 28,000 120,000 148,000 6

3. Texas 15,000 57,000 72 ,DOD 7

4. New York 17,000 36,000 53,000 7

5. Ohio 16,000 36,000 52,000 4

6. Georgia 17,000 28,000 45,000 2

7. 111inois 14,000 29,000 43,000 5

8. Virginia 14,000 27,000 41,000 2

9. ~lichigan 12,000 26,000 38,000 5

10. Colorado 6,000 26,000 32,000 2

Top 10 totals 210,000 493,000 703,000 58%

Total U.S. 324,600 792,000 1,116,600

Source: "Where is the Multi Market Going," ProfessionaZ BuiZder - Apartment Business, Cahners
publication (April 1974).
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4.5 SUPPLY AND DEMAND OF FUEL RESOURCES

Many of the data presented here reflect past consumption figures and habits. Projected
shortages of oil caused by recent disruptions in oil supplies, recognized shortages of natural
gas and perhaps coal, and uncertainties about the extent of implementing energy-conservation
practices make risky any projections of specific resource demands and costs.

4.5.1 U.S. energy-demand forecasts

A summary of forecasts for total energy demands in the United States for the period 1970
2050, and a bibliography of forecast literature issued prior to December 1969, are given in
Appendix A.l According to this summary, estimates for the year 2000 of the total U.S. energy
demand that must be supplied by available fossil fuels and other energy resources range from
101 x 10 15 to 187 X 1015 Btu. From a review of 19 forecasts examined by the Battelle Memorial
Institute for the Office of Science and Technology, energy consumption in the year 2000, including
nonfuel uses, is expected to be about 170,000 trillion (170 x 1015 ) Btu if real gross national
product grows at about 4%/year. 2

Figure 4.2 summarizes the results of six other forecasts issued since December 1969. 3- 8

Apparently, all past projections predicted less energy consumption for 1970 than actually
occurred. According to the U.S. Department of the Interior, total U.S. energy requirements in
the year 2000 could be as high as 191,900 trillion Btu. 6 The forecast prepared by the National
Petroleum Council (NPC)3 projects an upper energy-demand level of 125 x 1015 Btu for the year
1985. If extrapolated exponentially, the NPC forecast would indicate a demand of about 230 x 1015

Btu in the year 2000. The lower energy-demand level is given by the Inter-Technology Corporation
projection,7 reported to be a combination of 56 separate forecast estimates, indicating a value
of about 150 x 1015 Btu in the year 2000. The 1970 National Power Survey by the Federal Power
Commission (FPC)4 reports a total of 68.8 quadrillion Btu (68.8 x 1015 Btu) of energy consumed
in 1970, of which 17.7 x 10 15 Btu (~26%) was used for generating electricity. The FPC projects
a consumption of 143 x 1015 Btu in 1990, of which 59 x 1015 Btu (~41%) will be used for generating
electricity. The average annual growth rate of total energy consumption from 1970 to 1990 is
estimated by the FPC to be 3.7%.

In April 1972, the Associated Universities, Inc., submitted a report to the Office of
Science and Technology describing reference energy systems and giving resource data for use in
the assessment of energy technologies. 8 Until about the year 1985, the Associated Universities
projection sUbstantially agrees with that of the U.S. Department of the Interior and is only
slightly less than that of the FPC. Beyond 1985, the shape of the Associated Universities curve
deviates from the straight-line exponential projection given in the other forecasts. The dis
similar shape is caused mainly by two factors: (1) saturation effects which gradually lower the
growth rate, and (2) increased use of relatively inefficient means of energy conversion, par
ticularly the increased electrical fraction. The Associated Universities projects a total
resources consumption of 177.29 x 1015 Btu of energy in the year 2000, a figure substantially in
agreement with the Battelle Memorial Institute estimate of 170 x 1015 Btu.
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Fig. 4.2. U.S. energy-demand forecasts.

4.5.1.1 Fuel requirements by consuming sectors

A forecast for the total gross consumption of energy resources within the contiguous United
States is given in Table 4.14. This forecast, prepared by the U.S. Department of the Interior,6
is for the period 1971-2000 and shows the estimated consumption of primary fuels by all sectors
of society. Table 4.14 indicates that the absolute consumption of fossil fuels (coal, oil, and
natural gas) will increase, whereas the fossil-fuel contribution to the total energy input will
decrease. Nuclear power growth during this period is expected to increase from 37.9 billion to
5470 billion kWhr with a corresponding increase in gross energy input from 0.6 to 26.7%.

Table 4.15, also from the U.S. Department of the Interipr,6 shows projected consumption of
major energy resources by major consuming sectors in trillions of British thermal units. Total
gross energy inputs are projected to increase from 68,989 trillion Btu in 1971 to 191,900 trillion
Btu in the year 2000, indicating an average annual growth rate of 3.6% for the period.



4-53

Table 4.14. United States consumption for energy resources by major sources,
1971, actual, with projections to the year 2000

1971 1975 1980 1985 2000

Petro1eum (i nc1udes natural gas 1iquids)
t1illion barrels 5,523 6,340 7,615 9,140 12,985
'·1ill ion ba rre1s per day • 15.1 17 .4 20.9 25.0 35.6
Trillion Btu 30,492 35,090 42,190 50,700 71,380
Percent of gross energy inputs 44.1 43.8 43.9 43.5 37.2

Natural Gas
Billion cubic feet 22,050 24,462 26,169 27,537 32,959
Trill ion Btu 22,734 25,220 26,980 28,390 33,980
Percent of gross energy inputs 33.0 31.4 28.1 24.3 17.7

Coal (bituminous, anthracite, 1ignite)
Thousand short tons • 510,800 565,000 665,000 893,000 1,310,000
Trill ion Btu 12,560 13,825 16,140 21,470 31,360
Percent of gross energy inputs 18.2 17.2 16.8 18.4 16.3

lIydropower
8illion kilowatt-hours 266.3 350 420 470 700
Tri 11 i on Btu ....... 2,798 3,570 3,990 4,320 5,950
Percent of gross energy inputs 4.1 4.4 4.2 3.7 3.1

flucl ear power
Bi 11 ion ki 1owatt-hours 37.9 240 630 1,130 5,470
Tri 11 ion Btu . .. .. 405 2,560 6,720 11 ,750 49,230
Percent of gross energy inputs .6 3.2 7.0 10.1 25.7

Total Gross Energy Inputs
Trill ion Btu 68,989 80,265 96,020 116,630 191,900

Coal, gas, and oil consumption as a percentage of total fossil-fuel consumption for elec
trical generation was derived from Table 4.15 and is shown in Table 4.16 in comparison with FPC
estimates. 4 The FPC projects the oil percentage to remain SUbstantially constant, with coal
steadily being substituted for gas. The Department of the Interior projections indicate a more
rapid decline of the gas percentage with both coal and oil percentages increasing.

4.5.1.2 Fuel requirements by geographic regions

Figure 4.3 shows the estimated fossil-fuel requirements for electric power generation in the
United States by geographical regions as projected by the FPC.4 The projected exploitation of a
particular fossil fuel is influenced by the general distribution of fossil-fuel reserves shown in
Fig. 4.4. The following regional outlook for the role of fossil fuels in electric power genera
tion is given in the'FPC 1970 NationaZ Po~er Survey.

In the New England states residual oil consumption for electric power generation
has been growing at a higher rate than the national average while the use of coal
decreased slightly and the use of gas declined significantly. Residual oil has
emerged as the dominant fuel and it appears that it will continue in that role for
some time.

In the Middle Atlantic states residual oil experienced a much higher rate of
growth than either coal or gas. It appears that primarily because of air pollution
control regulations the use of low-sulfur residual oil will continue to assume an
ever increasing role in the fuel supply picture of that area. Coal, however,
probably will remain the principal fossil fuel in western Pennsylvania and western
New York. Although some residual fuel oil will be utilized in the East North
Central Region, coal will continue to account for the bulk of the fossil fuels
used for electric power generation in that area. The absolute growth of the use
of this fuel will depend to a large measure on the successful development of satis
factory methods for preventing the sulfur contained in the coal from finding its way
into the air.

Coal and natural gas share about equally in the electric utility market of the
West North Central states, although a slight movement in favor of coal is apparent.
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Table 4.15. United States total gross consumption of energy resources by major and
consuming sectors, 1971, actual, and projections to year 2000

(i n tri 11 ions of Btu's)

Total
three
sector
inputs

1971 Hou.hold & Commercial. 390 6,545 1,],<6 14.281 14.281 14;281 3.160 17,441
Industn..1 4,465 5,391 10,438 20,294 20,294 20,294 2,329 22,623
Transport.tion 7 16,139 825 16,971 16.971 16,911 18 16,989
Electrical GeneratIon 7,698 2,417 4,125 14,240 405 2,198 17,443 11,443 15,5011
SynthetIc Gas

Total 12,560 30.492 22,1],< 65,186 -----.05 2,798 68,989

1975 Hou.hold & Commercial. 325 6,950 8,660 15,935 15,935 15,935 4,240 20,115
Industrial 4,600 6,510 11.140 22,850 22,850 22,850 3,010 25,860
Tr..nsport.ltion 18,050 1.020 19.070 19.070 19.070 20 19,090
ElectrlColI Generation 8,900 3,580 3,800 16,280 2,560 3.570 22.410 22,410 17,2101
Synthetic Gas

Tot.l 13.825 35,090 25,220 14,135 2,560 3.570 80,265

,980 HouK'hold& Commercial. 300 1,120 9,480 17.500 17,500 320 11,820 6,040 23,860
Indutlri.1 .. 4.150 1,590 12,500 24,840 24,840 380 25,220 4,170 29,390
Transport.tion. 21,440 1,400 22,840 22,840 22,840 30 22,810
Electrical Generation ". 10,660 s.oOO 3,600 19.260 6,720 3,990 29,910 29,910 110,2401
Synthetic Gas . 430 440 870 870 11001

Tot,l. 16,140 42.190 26,980 85,310 6]20 3,990 96,020

1985 Household at Commercill. 100 8,800 10,060 18,960 18,960 940 19,900 7,800 21,100
Industrilll 5,150 9,130 13,240 21,520 21,520 1,06Q 28,580 6,290 ].<,810
Tr.mportition. 25,450 1,840 21,090 27,090 27.090 40 21,130
Electrical GentH.tion 14,220 6,650 3,450 24,320 11,150 4,320 40,390 40,390 114,1301
Synthetic Gas . 2,000 610 2,610 2,610 12,0001

Total 21,410 50,100 28,390 100,560 11,150 4,320 116,630

2(X)() Household &: Commercial. 11,120 10,800 21,920 '21,920 2,840 24,560 15,010 39,630
In<hntrial. 6,100 14,660 11,940 39,300 39,300 2,860 42,160 15,620 51,180
TrantpOftation. 40,010 2,600 42,610 42,610 42,610 50 42,660
E~etriCiI Generation. 11,520 5,040 2,840 25,200 49,230 5,950 80,380 80,380 130,1401
Synthetic Gas 1,140 550 1,690 1,690 15,5001

Total. 31,360 11,380 33,980 136,120 49,230 5,950 191,900

I Includes anthrKi_, bituminous, and lignite,
2 Petroleum products refined and pr~ssed from crude oil, including still PI, liquefied refinery gas, and natural gas liquids.

Source: W. G. Dupree, Jr. , J. A. West, United States Energy Through the
Year 2000, U.S. Department of the Interior, Washington, D.C. ,
December 1972, p. 16.

Table 4.16. Annual U.S. consumption of coal, gas, and
oil by electric utility power plants (as percentage
of total fossil-fuel consumption for generation)

Year

Federal Power Commission
(Actual for 1970)

U.S. Dept. of Interior
(Actual for 1971)

Coal Gas Oil Coal Gas Oil

1970 55.1 29.7 15.2
1971 54.1 29.0 17.0
1975 56.0 24.0 20.0 54.7 23.3 22.0
1980 59.4 20.1 20.5 55.4 18.7 26.0
1985 62.1 17.6 20.3 58.5 14.2 27.3
1990 63.3 17.1 19.6
2000 69.5 10.5 20.0

Source: Federal Power Commission, The 1970 National Power
Commission, December 1971.
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Fig. 4.3. Projected fossil-fuel requirements for electric power generation by regions.
From Federal Power Commission, The 1970 National Power Survey, vol. I, Washington, D.C.,
December 1971.

Because of the generally low level of fuel consumption in the West North Central
States, the projected use of low-sulfur-bearing North Dakota lignite in several
relatively large plants should result in a continued increase in the use of coal
in that area. Gas will continue to be an important source of energy in Kansas and
Nebraska.

Except for Florida, where residual fuel oil is and will probably continue to be
the single largest fuel used for electric power generation, the remainder of the
South Atlantic Region is heavily influenced by the Appalachian coal industry. Although
the demand for gas and low-sulfur residual oil will continue to be strong, coal will
most likely maintain its dominant position in that area.

In part because of environmental considerations the rate of growth of natural gas
demand will probably continue to be greater than that for coal in the East South
Central Region. Nonetheless, total consumption of gas will remain at a relatively
low level as it is of major importance only in the State of Mississippi. The other
three states of the Region - Alabama, Kentucky, and Tennessee - have substantial
indigenous resources of coal and in those states coal will continue to dominate the
electric utility market.

The West South Central Region including the offshore areas, is the origin of
80 percent of the country's current production of natural gas. Practically all the
thermal power generated in the region is based on this fuel and gas is expected to
remain the principal fuel for this purpose in the two decades ahead. The growth of
natural gas demand in this area will also account for most of the national growth in
gas demand for electric power generation during the next twenty years.

The Mountain States with vast coal resources which include large reserves of
relatively low-cost, low-sulfur coal, have begun to exploit these resources on an
increasing scale to generate electricity not only for their own needs but also for
the needs of the Pacific and Central States. Starting from a relatively low base,
consumption of coal in the Mountain States for electric power generation grew at
the phenomenal rate of 17 percent annually during the 1960-1969 period. Coal has
replaced natural gas as the leading power plant fuel in the area and is expected to
continue to strengthen its dominant position. It appears that the Mountain States
will continue to be the major source of coal for the electric power generating needs
of the entire West.
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Fig. 4.4. Distribution on fossil-fuel reserves. From Federal Power Commission, The 1970
National Power Survey, vol. I, Washington, D.C., December 1971.
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Natural gas is the principal fossil fuel in the Pacific States. Practically
all of the gas, however, is consumed in California where stringent air-pollution
control regulations provide a favorable competitive climate for this fuel.

The use of fossil fuels for electric power generation in the Pacific
Northwest has been negligible in the past. A large coal-fired plant under con
struction in the State of Washington will alter this picture, but not enough to
make a significant change in the dominant position which gas will maintain in the
entire Pacific area. 4

4.5.2 Fossil-fuel supply

In recent years, the growth of domestic fuel supplies has not kept pace with the growth of
total domestic energy demand, and as a result the United States has had to rely on imports of oil
and gas to make up the deficit. The available domestic supplies of energy provided about 88% of
the total U.S. requirements in 1970 with the remaining 12% provided by imports. 9 A further deteri
oration of available domestic energy supplies is anticipated in the near future, resulting in
increased reliance on imports, unless a greatly improved balance of energy supply and demand can
be achieved.

4.5.2.1 Coal resources

Coal is the most abundant fossil fuel and in 1970 provided the primary energy source for
about 56% of fossil-fueled electric generation, or slightly less than one-half the total genera
tion. Coal supplies are expected to increase in the future and, partly as a result of further
progress in coal-mining technology, coal probably wi 11 maintain its competitive position relative
to other fossil fuels. The estimated coal resources in the United States are given in Table 4.17,
and the projected cumulative production of coal in the United States to the Fear 2000 is illus
trated in Fig. 4.5. It is estimated that, by the year 2000, 70 to 80 billion tons of the approxi
mately 3210 billion tons of coal resources in the ground will have been mined.

Table 4.17. Estimated U.S. coal resources

Depth of Type of Resources Ener~ reserve
overburd"n (f"ell coal (millions of tons)a 00 8 Btu)b

100 Strip coal 139,969c
3.56

100-3000 Bituminous 959,290 24.94
Lignite 447.647 11.64
Anthracit" 12,969 0.34

3000-6000 All types 337,105 a.76

6000 - - 9000
d All typ"s 1,313,080 H.14

3,210,060 a3.40

--

aResources in the ground, about half of which are considered r"coverabl".

bConversion factor: 1 ton = 26 X 10 6 Btu.

caO% estimated recoverabl"

dEstimated d"pth of ov"rburden

Data sourc,,:

"Coal Resources of the United States"
Geological Survey Bulletin 1275
U. S. Geological Survey; Washington, D. C.
January. 1967

~: A. L. Austin et a1., Energy: Uses. Sources. Issues. UCRL-5l22l,
Lawrence Livermore Laboratory, University of California, May 30,
1972.
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Fig. 4.5. U.S. cumulative coal production vs reserves. From A. L. Austin et al., Energy:
Uses, Sources, Issues, report UCRL-51221, Lawrence Livermore Laboratory, Livermore, Calif.
May 30, 1972.

The general distribution of the principal coal resources in the United States is shown in
Fig. 4.4. Nearly 70% of the total resources of all types of coal is located west of the
Mississippi River. Over 94% of the bituminous coal and lignite produced in 1968 came from the
nine states listed in Table 4.18; consequently, the bulk of the utility coal is consumed in these
and nearby states.

Low-cost-coal producing areas are considerably less abundant than the coal-bearing areas
shown in Fig. 4.4, leaving significant segments of the United States without easy access to low~

cost coal.
The need to control sulfur oxide emissions in accordance with ambient-air-quality standards

established by the Environmental Protection Agency (EPA) has created demands for low-sulfur coal
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Table 4.18. Distribution of bituminous coal
and lignite (as mined)

State Percent

West Virginia 26.8
Kentucky 18.6
Pennsylvania 14.0
Illinois 1l·5
Ohio 8.9
Virginia 6.8
Indiana 3·4
Alabama 3·0
Tennessee 1.5

Source: Federal Power Commission, The 1970
NationaZ Power Survey, Part I,
December 1971.

is a replacement fuel for existing and new plants. The United States has large resources of low
sulfur coal containing less than 1.5 wt %sulfur. All the low-sulfur subbituminous coal and

lignite and one-half the bituminous coal containing less than 1.5 wt %sulfur are located west of
the Mississippi River. The bulk of the low-sulfur bituminous coal reserves east of the
Mississippi, estimated at about 122 billion tons, are located in Appalachia. 4

4.5.2.2 Oil resources

The total crude-oil resources in the United States and in its continental shelves to a water
depth of 200 m are estimated at 2380 billion bbl. 4 The proved total recoverable reserves, as of
December 31, 1970, are given in Table 4.19 and include the large reserves recently discovered
along the northern shores of Alaska. The U.S. petroleum supply and demand for the various sectors
of society are shown in Fig. 4.6. The transportation sector is projected to constitute about
one-half the total demand for petroleum by 1985, with the residential-commercial, industrial, and
electrical utilities sectors making up the remainder. Cumulative oil consumption from 1970 to
1985 will be about 102 billion bbl, of which the transportation sector will use about 60 billion
bbl. The transportation sector demand alone is expected to equal or exceed the available domestic
supply by about 1980.

Estimates of U.S. crude-oil production and productive capacity are shown in Fig. 4.7. During
the past 15 years, according to the National Petroleum Council, total crude-oil reserve additions
for the United States have averaged 3.3 billion bbl/year. 3 ,lO Based on these reserve additions,
crude-oil production is projected to increase from the 1970 level of 9.1 million bbl/day to a
possible maximum of 13.5 million bbl/day in 1985. In 1985, between 58 and 67% of the current
estimate of discoverable oil-in-place will have been found; the amounts remaining to be recovered
are estimated to range from 265 to 340 billion bbl of oil-in-place. 11 The additional amount of
oil available for discovery, assuming a 50% discovery rate, could correspond to between 32 and
40 years' supply at the 1985 rate of production.

With the exception of oil-shale reserves, which are not indicated, the distribution of known
oil deposits in the continental United States and Alaska are shown in Fig. 4.4. In a few of the
inland areas, most of the oil now thought to be discoverable may be found by 1985. For the
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Table 4.19. Oil reserves, production, and supply data

Billions of
barrels

Proved recoverable reserves as of Dec. 31, 1969

Additions during 1970 - Lower 48 states
Alaska

Less: production during 1970

Proved recoverable reserves as of Dec. 31, 1970

Estimated Potential Reserves

29.6

3.0
9.7 12.7

(3.3)

39.0

Lower 48 Alaska Total

Probable/possible 79 5 84
Speculative 68 20 88

Total 147 25 172

Data source:

"Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas in the
United States and Canada ~nd Unites States Productive Capacity
as of December 30, 1970, Vol. 25

American Gas Association, American Petroleum Institute, and
canadian Petroleum Association (joint publication)

May. 1971
~: A. L. Austin et al., Energy: Uses~ Sourae8~ Issues, UeRL-SI221,

Lawrence Livermore Laboratory, University of California, May 30,
1972.

country as a whole, an estimated 385 billion bbl of oil (48% of the estimated ultimate discover
able oil-in-place) remained to be found at the end of 1970. About one-half the remaining dis
coverable oil reserves are in the public domain, in Alaska, and in offshore areas. Approximately
20% of the U.S. total, or about 2 to 2.6 million bbl/day, will come from the North Slope of
Alaska in 1985. Equally important are the offshore regions, also expected to provide about 20%
of the 1985 production.

4.5.2.3 Natural-gas resources

The total proved reserves of natural gas in the United States as of December 31, 1970, were
290 trillion ft 3 (including 26 trillion ft 3 in Alaska) of which 90% was in the five adjoining
states of Texas, Louisiana, Oklahoma, Kansas, and New Mexico. 11 The reserves shown in Table 4.20
are gas for which both specific location and quantity are known with a high degree of certainty.
The general distribution of major U.S. gas reserves is shown in Fig. 4.4.

Proved natural-gas reserves amount to 11.9 times the current annual natural-gas production.
Additional quantities of natural gas continue to be discovered, but the average discovery of 16.6
trillion ft 3/year for the last 10 years is less than current annual consumption. Additions to
reserves were only 12.0 trillion ft 3 in 1968, 8.3 trillion ft 3 in 1969, and 11.1 trillion ft 3 in
1970. The Potential Gas Committee estimated that as of December 31, 1972, the potential natural
gas supply, including Alaskan potential, was 1146 trillion ft 3 • I2 This total comprised 266
trillion ft 3 of probable reserves, 384 trillion ft 3 of possible reserves, and 496 trillion ft 3

of speculative reserves.
Increased rates of gas consumption have caused unprecede~ted strain on U.S. domestic natural

gas resources. The Bureau of Natural Gas' 20-year forecast to 1990, shown in Fig. 4.8, indicates
that the rate of development of national gas supplies, both conventional and supplemental, will
prove inadequate to meet current projections of future demand. 13
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Fig. 4.6. U.S. petroleum supply and demand (including natural-gas liquids). From
A. L. Austin et al., Energy: Uses, Sources, Issues, report UCRL-51221, Lawrence
Livermore Laboratory, Livermore, Calif., May 30, 1972.

4.5.3 Fossil-fuel costs

The cost of electric power production and delivery to consumers consists of three principal
components: (1) fixed charge on capital investment; (2) fuel expenses; and (3) operating and
maintenance expenses. Fuel expenses are associated with the procurement, transportation, storage,
and handling of fuel at the generating plant. Fossil-fuel costs vary significantly among regions. 4

Although each fossil fuel has some market in most states, individual fuels usually have a com
petitive advantage in particular regions, with each region tending to have one dominant fuel.
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Fig. 4.7. U.S. crude-oil production and productive capacity. From A. L. Austin et al.,
Energy: Uses, Sources, Issues, report UCRL-5l22l, Lawrence Livermore Laboratory, Livermore,
Calif., May 30, 1972.

Table 4.20. Gas reserves, production, and supply data

Gas volume
Tcf

Production! supply data for 1970

Proved recoverable reserves as of December 31, 1969 275

Additions during 1970 (not including Alaska) 11

Less: production during 1970 (22)

Proved recoverable reserves as of December 31, 1970 (lower 48 states) 264

Alaskan additions during 1970 26

Total proved U. S. reserves as of December 31, 1970 290

Estimated potential supply (existing economic and operating conditions)

Lower 48 states

Probable

Possible

Speculative

Subtotal

Alaska

Total U. S. potential supply

Onshore

179

227

207

613

Offshore

39

99

100

238

Total

218

326

307

851

327

1178

Estimated additional supply through nuclear stimulation

Data sources:

317

"Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas in the United
States and Canada and United States productive capacity as of December 31
1970," Vol. 25. '

American Gas Association, American Petroleum Institute, and Canadian
Petroleum Association (joint publication)

May, 1970

"Potential Supply of Natural Gas in the United States as of December 31, 1970"
Potential Gas Committee
Colorado School of Mines Foundation, Incorporated. Golden, Colo.
October, 1971

Source: A. L. Austin et al., Energy: Uses, Sources, Issues, UCRL-51221,
------- Lawrence Livermore Laboratory, University of California, May 3D,

1972.
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Fig. 4.8. U.S. gas supply-demand balance. From Bureau of Natural Gas, National Gas
Supply and Demand 1971-1990, Staff Report No.2, Washington, D.C., February 1972.

The electric utility's fuel-price projections for the period 1971-1985 are shown in Fig.
4.9. 14 The general increase in fossil-fuel costs is attributed by the FPC to higher costs of
producing cleaner fuels and to environmental and safety improvements in mines and other fuel
producing installations despite anticipated efficiency improvements in the production processes.

Current fuel costs already exceed these projected values, however, and there is every indi
cation they will continue to increase.

4.5.3.1 Cost of coal

The cost of mining coal is, to a considerable extent, determined by the geological character
istics of the coal deposits and associated strata, primarily the thickness and continuity of
mineable beds, depth of overburden, and general quality of the host rock. In terms of constant
1970 dollars, the National Petroleum Council has estimated the average price of coal from under
ground mines in 1970 to be about $6.60/ton. 3 This price is expected to reach about $9.60/ton in
1985, an increase of about 30% over the period. Eastern and midwestern surface-mined coal is
expected to increase in cost from an average price in 1970 of about $5.30/ton to about $6.80/ton
in 1985. Typically, the average cost of a ton of coal burned in TVA steam plants rose from $6.51
to $7.46 during the fiscal year ending June 30, 1973. The average fuel expense increased from
$0.19/10 6 Btu in 1968 to more than $0.34/106 Btu in FY 1973. Nearly 80% of TVA power is generated

at coal-burning plants. 15
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Fig. 4.9. Electric utility fuel price projections, 1971-1985, in actual dollars. From
R. W. Smock, Electr. Light Power, E/G Edition 51(15): 30 (1973), with permission from Cahners
Publishing Company, Inc.

"As-burned" coal costs obtained from several references are shown in Fig. 4.10 in dollar
bases as .reported and as adjusted to constant 1972 dollars (using a 5%/year escalation rate).
These costs were used in estimates for this assessment but are lower than those actually
experienced subsequent to the writing of this report.

4.5.3.2 Cost of residual fuel oil

The price of residual fuel oil, normally used as fuel in oil-fueled steam-electric plants,
is given in Table 4.21. Nationally, residual-fuel-oil-fueled plants represent about 15% of
generation by fossil-fueled plants. Because residual fuel oil is viscous and cannot be econom
ically transported by pipeline over long distances, its competitive position is greatest in
areas with cheap water-transport facilities or in areas adjacent to refineries. A major attrac
tion of residual fuel oil during the 1960s was its declining price, as shown in Table 4.21.

A forecast of future residual-fuel-oil supply and price based on an extrapolation of current
circumstances would be extremely pessimistic, according to National Economic Research Associates,
Inc. 19 It is expected that the United States will become increasingly dependent on foreign
sources for its supply of residual oil. About 90% of U.S. residual-oil imports originate in the
Western Hemisphere. Venezuela and the Netherland Antilles are the principal suppliers, accounting
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Fig. 4.10. Projected "as-burned" cost of coal to electric utilities.

Table 4.21. Total domestic and utility consumption of fuel oil, 1961-1970

Total Electric Utility Average Cost
Domestic Utility Consumption to Utilities

Year Consumption Consumption as Percent "as Burned"
in 10 6 in 10 6 of Total in Cents Per

Barrels Barrels 1 Consumption 10' Btu

1961. ............. 548.7 85.7 15.6 35.5
1962 .... ................... 545.8 85.8 15.7 34.5
1963 .... . ........... 538.9 93.3 17.3 33.5
1964... ............... . ............ 554.6 101.2 18.2 32.6
1965 ..... 587.0 115.2 19.6 33.1
1966 ........... ............ ............... 626.4 140.9 22.5 32.4
1967. . ...... ... 651.9 161.3 24.7 32.2
1968 ............ 668.2 188.6 28.2 32.8
1969. 721.9 250.9 34.7 31.9
1970 .. . ................ 804.2 332.3 41.3 N.A.
70/61 Ratio ... . . ............ 1.47 3.88

1 Figures include small quantities of distillate oils.

Source: The 1970 National Power Survey. Part I. a Report by the Federal
Power Commission, Washington, D.C., December 1971, p. 1-4-17.
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for nearly three-fourths of all imports. 4 National Economic Research Associates, Inc., speculates
that future prices for both low-sulfur and high-sulfur residual fuel oil should be lower than
they are currently. 19 However, this speculation was reported in 1972 and does not account for
recent dramatic increases in the cost of oil.

New sources of low-sulfur coal are not being developed as rapidly as they are required by
electric utilities to comply with stringent antipollution regulations of the EPA. Consequently,
utilities are converting from coal to oil, greatly increasing oil consumption for the generation
of electric power. It is anticipated that the 1971 electric-utility-use rate of 386.9 x 106

bbl/year6 of oil could rise to 1150 x 106 bbl/year20 by 1980 instead of the 800 x 106 bbl/year
total predicted by the U.S. Department of the Interior. 6 Only about one-half the U.S. oil demand,
which could total 9125 x 10 6 bbl/year by 1980, will be met by production from the United States
(including Alaska) and Canada. 2o The remaining 4562 x 10 6 bbl/year must be supplied by imports.
As a result of this imbalance in supply and demand, it is anticipated that the United States will
have to pay increasingly higher prices for the oil it consumes in electric utilities.

4.5.3.3 Cost of natural gas

Of the reported total of 22.0 trillion ft 3 of natural gas delivered to consumers in 1971,

32.3% was distributed to residential-commercial customers; 45.9%, to industrial customers; 18.1%,

to electric-generating plants; and the remainder to miscellaneous uses. 6 The average delivered
cost of this gas per 1000 ft 3 to the major customer categories was: residential, $1.15; commer
cial, $0.87; industrial, $0.41; and electric-generating plants, $0.32. The average price to all
customers was $0.63/1000 ft 3• 21

The consumption of natural gas by the electric-utility industry and its average cost to
utilities "as-burned" during 1961-1970 are shown in Table 4.22. The electric utilities will
continue to demand increasing amounts of natural gas to fuel power plants; however, the rate of
growth in gas consumption by electric utilities is expected to decline. Compared with an average
growth rate of about 8 to 9% over past decades, the average growth rate to 1990 is estimated at
0.4% annually. Projections of gas consumption for electric-power generation to the year 2000 are
shown in Table 4.15. According to the electric utility fuel-price projections (Fig. 4.9), the
estimated cost of natural gas for electric utilities in the year 1985 should be about $0.95/106

BtU. 14 Again, the price of gas is highly susceptible to the degree of government control. Con
trol is likely to occur, allowing substantial price increases to encourage exploration.

4.5.4 Nuclear-fuel resources and cost

4.5.4.1 Nuclear-fuel resources

The resources of nuclear fuels in the United States and the world are potentially vast 
many times larger than those of fossil fuels - but realization of more than a small fraction of
their potential depends on the successful development and use of breeder reactors. Until the
breeders are operational the utilities must make extensive use of power reactors (PWRs, BWRs, and
HTGRs) that extract only 1 or 2% of the energy content of uranium, and whose favorable economics
depend on the availability of comparatively low-cost uranium supplies. The nation's present
proved reserves and stockpiles of low-cost uranium are more than adequate to meet the power
industry's projected needs over the next decade. Table 4.23 presents estimates of uranium
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Table 4.22. Total domestic and utility consumption of
natural gas, 1961-1970

Yea.

1%1 .
1%2 .
1%3 .
1%4 .
1%5 .
1%6 .
1%7 .
1%8 ..
1%9 .
1970 .
70/61 Ratio .

Total Electric UtiUty Average Cost
Domestic UtiUty Consumption toUtlUtI...

Consumption Consumption as a Percent "as Burned"
In 10' In 10' of Total In Cents Per

Cubic Feet Cubic Feet Consumption 10' Btu

13,010.7 1,825.1 14.0 25.1
13,814.7 1,966.0 14.2 26.4
14,561.0 2,144.5 14.7 25.6
15,452.0 2,322.9 15.0 25.4
16,033.2 2,321.1 14.5 25.1
17,191.7 2,609.9 15.2 25.1
18,172.9 2,746.4 15.1 24.7
19,459.9 3,147.9 16.2 25.1
20,922.8 3,486.4 16.7 25.4
22,412.0 3,894.0 17.4 N.A.

1.72 2.13

Source: The 1970 National Power Survey, Part I, a Report by the Federal
Power Commission, Washington, D.C., December 1971, p. 1-4-14.

resources available as of January 1, 1970. Reasonably assured resources are in known ore deposits
and occur in such grade, quantity, and configuration that they can be profitably produced with
current technology at the given prices.

Substantial new deposits of uranium are being located as the result of recent large-scale
exploration efforts. Adequate ore sources are predicted assuming that adequate exploration
efforts are sustained and that breeder reactors are developed on schedule.

4.5.4.2 Nuclear-fuel costs

Nuclear-fuel costs are influenced by many complex components, including the costs of mining,
milling, conversion, shipping, enrichment, fabrication, and reprocessing. The component cost
breakdown can be structured in a wide variety of ways, and a number of different breakdowns are
commonly used by different organizations regularly performing fuel-cycle cost analyses. Projec
tions of total nuclear-fuel costs have been prepared by several such organizations in terms of
"current doll ars through the year 2020."

Figures 4.11-4.13 show the nuclear-fuel-cost data from these projections in terms of 1972
constant dollars. A 5% escalation rate was assumed in converting the current-dollar costs from
the reference projections to constant-dollar costs for 1972. Figures 4.11 and 4.12 show the
projected nuclear-fuel-cycle costs for light-water reactors (LWR) in cents per million Btu and
mills per kWhr respectively. Figure 4.13 shows the estimated projected fuel-cycle costs for the
liqUid-metal fast breeder reactors (LMFBRs) to the year 2020.



Table 4.23. Estimated U.S. uranium resources (January I, 1970;
cumulative thousands of tons of U30S)

Reasonably assured Estimated additional

U30S Price Conventional By- Conventional By-
per pound deposits product Total deposits product Total Total

$ 8.00 204 204 390 390 594
10.00 250 90 340 600 600 940
15.00 390 110 500 950 950 1,450
30.00 530 110 640 1,600 1,600 2,240
50.00 5,400 110 6,000 4,000 4,000 10,000

100.00 11,400 no 12,000 13,000 13,000 25,000

Source: Rittman Associates, Inc., Survey of Nuclear Power Supply Prospects, Report PB-209283,
National Technical Information Service, U.S. Department of Commerce, Springfield, Va., (February 1972).
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Fig. 4.11. Projected nuclear-fuel-cycle costs for light-water reactors in cents per
million Btu (constant 1972 dollars).



4-70

ORNL-DWG 76-6251

6 WESTINGHOUSE
22

\l A.D. L1TTLE
23

- -- GAS TURBINE INDUSTRy
24

o FEDERAL POWER COMMISSION 4

• THE NUCLEAR INDUSTRy
25

o LMFBR STATEMENT
18

4

E-if)
r-
~ 2
u
W
---l
U
r
u

---l
w
::::>
I.L

---1~------

<)

~
~

[ ~

~L '7
t--. \7 -

o
1970 1980 1990 2000

YEAR
2010 2020

Fig. 4.12. Projected nuclear-fuel-cycle costs for light-water reactors in mills per kWhr
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Appendix A
SUMMARY OF FORECASTS - U. S. TOTAL ENERGY REQUIREMENTS - 1970-2050

Table 4.24. Summary of forecasts - U.S. total energy
requirements - 1970-2050 (trillion Btu)

Sourc.*
Yeor

Published
Bas.
Year

Bas.
Value 1970 1975 1980 1990 2000 2050

Growth
Period

Average
Annual
Growth
Rate

1959
1959
1960
1960

1960
1960
1960
1960
1960
1960
1961
1961

1952
1953
1955
1956
1958
1958
1958
1959

Paley (Ref. 25, p. 18)
Putnam 18
Batchelder & Nelson (Ref. 5, p. 35)
McKinney Panel (Ref. 7, p. 26)
PMPO (Ref. 7, p. 26)
Teitelbaum (NPA)zO
Teitelbaum (Ref. 25, p. 18)
Lamb l ?

Resources for the Future
(Ref. 7, p. 26)

Sporn (Ref. 25, p. 18)
McKinney Task Forc."
McKinney (Ref. 5, p. 35)
Resources for the Future

(Ref. 5, p. 35)
Schurr & Netschert (RFF)"
Searl 7

Searl (Ref. 10, App. p. 48)
W.eks 22

Weeks (e) (Ref. 10, App. p. 48)
Electrical World (Ref. 10, App. p. 48)
Landsberg (Ref. 5, p. 35)
Resources for the Future

(Ref. 10, App. p. 48) 1961
Sporn (Ref. 10, App. p. 48) 1961
Draft Report (I) (Ref. 10, App. p. 48) 1962
Hubbert (Ref. 25, p. 18) 1962
La s ky Study Group' 1962
Landsberg, Fischman &Fisher (RFF)4 1963
Sporn" (b) 1963
Felix" 1964
Ebasco '3 1965
Atomic Energy Commission,o(g) 1966
Hibbord (Bureau of Mines)'" 1966
Vogely&Marrison Z4 (c) 1966
Texas Eastern Transmission 21 1968

1950

1954
1950
1955

1955

1955

1955
1959

1960

1960
1960

1965

33,000

37,400
34,600
40,300

40,100

40,500

39,723
42,900

44,900

45,350
44,900

54,120

60,000

63,000

60,190

62,200

67,000

68,000

75,300
72,000
72,000

74,541
73,000

70,700

72,000

87,600
60,OOO(d)
87,500

80,000
80,900
78,000

81,OOO(d)

88,OOO(d)

86,200
86,000

92,000
81,000
83,500

83,000
78,000
67,000
67,200
82,000
79,190

80,000
88,000
88,075

109,910

148,200

105,000

170,000
170,000

187,000
125,000
138,000

138,000
105,000
101,000
101,000

135,160
104,800

130,000

745,000

1,110,000

275,000

1950-2000

1954-1980
1950-1975
1955-1980

1970-1980

1955-1975
1975-2000
1955·1975

1955-1975
1959·2000
1980-2000

1980-2000
1980-2000
1980·2000

1980-2000
1980-2000
1960-2000
1980-2000

1960-2000
1960-2000

1980-2000
To 1980

1965-1980

3.0 (a)

3.3
2.7
2.8

2.7 (a)

3.2
1.5 (a)
2.9 (a)

3.2
3.4 (a)
3.5 (a)

3.6 (a)
2.2 (a)
2.5 (a)

2.6 (a)
1.5 (a)
2.1 (a)
2.1 (a)

2.8 (0)
2.1 (a)

2.5 (a)
3.3
3.3 (a)

.j:>
I

'-J
'-"

*R.f.rence numbers refer to the bibliography. Where a ref.rence is shown in parentheses, values tabulated or. from a summary table in reference cited.
(0) Calculated by authors of this summary.
(b) Sporn's tons bituminous coal converted for this summary to Btu per 26.2)( 10 6 Btu = 1 ton
(c) Kilogram calories converted.for this summary to Btu per l-KcClI = 3.968 Btu
(d) Projected from 1975 by author of Reference 5.
(e) Converted from billions of barrels of oil equivalent by author of Reference 10.
(f) Derived by the author of Reference 10 from base of 44.9 x 1015 Btu in 1960 and growth rate of 2.04% given in the--draft report on page 31 and in figure

15. The figure for the year 2050 is projected from the year 2010.
(g) AEC also estimates 210,000 trillion Btu for the year 2020. Figures shown are "Medianl! estimates.

Source: Bibliography and Digest of u.s. Electric and Total Energy Forecasts:
1970-2050, Edison Electric Institute, New York Pub. No. 69-23, p. 84.
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4.6 SUPPLY AND DEMAND OF WATER RESOURCES

4.6.1 Projected water demands

The adequacy of our national water supply currently has drawn much attention. The problem,
seen in a comparison of Table 4.25 with Table 4.26, is somewhat overstated. Overall, the nation
does not have a water deficiency. There are, however, many areas that have difficulty obtaining
water of adequate quality in sufficient quantity to meet municipal, industrial, or agricultural
needs. This problem is expected to become more severe because of increasing population in the
next few decades.

Projected water withdrawal for various uses is shown in Table 4.26. The largest increases
in water withdrawal are for cooling steam-electric power plants that were served almost entirely
from surface waters in 1965. Estimates of cooling requirements for 1000-MW(e) steam-electric
power plants are given in Table 3.22. The estimates are made for 1980 and 1990 for both nuclear
and fossil-fueled plants. Requirement per megawatt (electrical) decreases slightly with time.
More important, however, is the allowable temperature rise across the condenser. Estimated
national water use for steam-electric power plant cooling is given in Table 3.23 up to 1990. Dry
cooling towers were not considered in those estimates; yet they may be considered for some sites.
It was believed there would not be a large number of plants with dry-cooling towers.

As shown in Table 4.26, use of saline cooling water rather than fresh water is expected to
increase sharply during the next three decades; however, recent legislation indicates that
environmental considerations may limit the use of saline water and increase the use of fresh
water for power-plant cooling.

Industrial use is expected to increase markedly in the next thirty years and could have a
substantial impact on municipal water-treatment processes and sources. Because of current
uncertainty concerning the amount of treatment or reuse required of industries, it is difficult
to determine the amount of water use and wastewater discharge for 1980 or 2000. Data for
Table 4.26 were compiled with the assumption that "zero-discharge" regulations would not be put
into effect.

The use of self-supplied utilities will probably have little or no effect on agricultural
water use except in regions where there is competition for surface- or groundwater sources.
Agricultural water use, however, has considerable effect on self-supplied potable water and is
expected to rise about 40% by the year 2000.

Water requirements for MIUS would be less than conventional utilities because of the use of
treated liquid waste for process cooling water (mainly refrigeration equipment and engines). We
assume that treated liquid waste will not be used as potable water. Low water-withdrawal demands
would favor use of groundwater and allow MIUS to be located away from large sources. Because of
the ease of obtaining groundwater for small systems, MIUS systems using groundwater may affect
the ground-to-surface water ratio for these cases. Predictions show increasing municipal growth
and increasing use of surface water for municipalities of over 25,000. Small municipalities and
rural domestic systems will probably favor groundwater use.

4.6.2 National water resources

The water resource regions shown in Fig. 4.14 are based on watershed areas and usually have
common water-quality characteristics or problems that extend throughout significant portions of
anyone region. Regional characteristics of the water source, quality, and quantity may be



Table 4.25. Regional water source use and characteristics

Source used in 1965, m9d
Adequacy

of Ground From From From Generally appl icable
natural water Water qual ity 9round sal ine fresh Total Projected total withdrawals, m9dRe9ion runoff storage water water surface all

treatment methods

( surface depletionb Wastes C Heatd Sal initye Sedimentf sources sources water sources 1980 2000 2020 Surface Ground
waters)a sourcesg water water

North Atlantic B B 0 0 A B 2,562 15,380 19,525 37,467 54,920 113,860 236,290 CPP DIS
South Atl antic-Gulf A B C B A C 4,221 4,132 12,207 20,560 53,180 87,440 130,190 CPP OIS,OS
Great Lakes B A 0 0 A B 963 25 24,131 25,119 47,893 96,594 190,960 CPP ,ATM DIS
Ohio B A C C A B 1,760 27 26,468 28,255 41,749 65,109 90,163 cpp DIS
Tennessee A A B B A B 202 -- 5,565 5,767 12,252 13,877 18,106 CPP OIS,OS

Upper Mississippi B A C C A B 1,707 18 6,454 8,179 14,800 30,587 41,266 CPP DIS
Lower Mississippi A A B A A 0 1,671 240 3,660 5,571 12,816 27,967 39,442 CPP ,ATM DIS
Souri s-Red-Ra i ny C A B A B A 55 -- 336 391 936 2,002 2,758 CPP OIS,OS
Mi ssouri C C B B B C 4,005 -- 15,339 19,344 23,264 27,876 31,572 CPP ,ATM OIS,OS
Arkansas -Whi te-Red C 0 B A 0 C 5,598 75 3,737 9,410 17,279 25,336 31,589 CPP ,ATM DIS

Texas-Gul f C 0 C B C C 8,390 3,300 4,720 16,410 29.080 57,330 92,640 CPP ,OS OIS,OS
Ri 0 Grande 0 0 C A 0 0 3,130 133 4,026 7,289 8,330 9,510 11 ,680 CPP ,OS OIS,OS
Upper Colorado 0 A B A B C 36 -- 3,981 4,017 5,675 6,575 6,725 OIS,CPP,OS OIS,OS
Lower Colorado 0 0 C A 0 0 4,147 -- 2,766 6,913 8,497 8,428 8,889 CPP ,OS OIS,OS,ATM
Great Basin 0 B C A B B 935 -- 4,180 5,115 7,055 7,550 7,800 CPP ,ATM OIS,ATM

-I'>
Columbia-North Pacific B B B C A A 4,289 31 25,311 29,631 41,407 90,135 156,735 OIS,S,CPP DIS I

"Cal ifornia C C C B C B 13,610 6,140 17,550 37,300 56,290 120,510 244,760 OIS,OS,ATM OIS,OS \.D
Alaska A A B A A A 25 -- 137 162 535 901 4,206 DIS, 1M DIS
Hawai i A B B A A A 706 316 575 1,597 2,658 4,608 8,587 DIS ,S DIS
Puerto Rico A A B A A C ---.J.2Z. --E2. ~ --l.z.l..?.Q. -±...Q.lQ. ~ ---.J1....ZlQ
Total 58,169 30,352 181,096 269,617 442,626 804,610 1,368,088

Legend:
A - Minor problem in some areas
B Moderate problem in some areas or minor problem in many areas
C - Major problem in some areas or moderate problem in many areas
o - Severe problem in some areas or major problem in many areas

CPP - Conventional or pre-en9ineered plant
DIS - Disinfection
OS - Oesaltin9 (includes softening), disinfection. Water saving devices may be feasible.
1M - Iron and man9anese removal
S - Simple sedimentation, disinfection
ATM - Advanced treatment methods, including taste and odor control, specific chemical removal, etc.

aAdequacy of Natural Runoff - A comparison of projected consumptive use with natural runOff, which includes perennial yields of ground water aquifers.
bCl'ound Watel' Storage Depletion - An indication of the extent that use of 9round water would exceed recharge.
cWastes _ An indication of pollution loading and of investment required for alleviation.

dHeat - An indication of waste heat discharges from industrial and steam-electric cooling requirements and of investment required for alleviation.
eSalinity - An indication of the relative severity of the sal inity problem from both natural sources and man-caused sources.
fSediment _ An indication of the relative severity of sediment from land and steambank erosion, both natural and man-caused.

gObta i ned by difference.



Table 4.26. Projected U.S. water withdrawals (million gallons per day)

Sel f-suppl ied Fresh water cooled Sal ine water cooled
Rural domest ie systems Municipal publ ic systems industrial plants steam-electric plants steam-electric plants Agricultural systems

Reg ion 1965 1980 2000 1965 1980 2000 1965 1980 2000 1965 1980 2000 1965 1980 2000 1965 1980 2000

North Atlant ic 390 400 400 5,446 7,100 10,000 9,499 14,100 22,800 10,500 10,900 11,300 11,400 22,100 68,900 132 320 460
South At lant ie-Gul f 504 380 340 1,980 3,300 5,400 3,360 4,900 8,000 7,600 28,500 39,800 3,700 12,000 27,600 3,416 4,100 6,300
Great Lakes 274 257 292 3,622 5,030 6,900 9,069 16,700 33,000 12,000 25,700 56,100 154 206 302
Qh io 300 350 415 1,791 2',330 3,320 8,606 11,600 15,900 17,400 27,300 45,200 158 169 274
Tennessee 64 128 167 253 358 560 1,076 1,600 2,360 4,329 10,100 10,700 45 66 90

Upper Mississippj 203 143 132 1,103 1,170 2,760 1,664 2,800 5,300 4,800 9,500 21,500 409 587 895
Lower Mississippi 58 80 147 470 647 921 1,884 2,500 3,420 1,600 5,900 16,700 200 600 2,300 1,359 3,089 4,479
Sauri s-Rcd-Ra i ny 14 16 17 36 49 82 98 150 212 200 500 1,100 43 221 591
Hi ssour i 106 134 162 969 1,225 1,481 462 584 707 1,400 1,500 3,200 16,407 19,321 22,326
Arkansas-Wh i te-Red 103 213 336 687 1,418 2,375 910 1,880 3,147 600 4,100 8,400 40 40 7,11 0 9,628 II ,018 ..,.
Texas-Gu I f 40 70 120 1,055 1,890 3,11 0 5,465 9,340 15,500 2,100 7,300 7,550 9,580

I
5,500 22,000 200 2,700 9,300 CO

Rio Grande 10 10 10 254 430 720 215 910 1,800 70 70 70 6,740 6,910 6,910 0

Upper Colorado 6 10 10 60 120 160 40 200 1,000 20 30 35 3,891 5,315 5.370
Lower Colorado 6 7 8 342 520 860 140 210 280 10 40 250 6,415 7,720 7,030
Great Basin 15 15 15 274 450 745 225 340 560 10 30 100 4,591 6,220 6,130

Co 1umb i a-North Pac if ic 148 148 148 1 t 105 1,304 2,100 1,911 4,478 8,880 8 4,000 22,200 19,200 26,459 31,477 37,607
Cal ifornia 90 90 90 4,010 5,090 8,280 1,250 1,660 2,590 70 90 300 5,600 18,300 77 ,400 26,280 1,060 31,850
Alaska 8 II 12 32 120 230 102 200 40 20 200 250 4 9
Uawai i 7 5 4 115 195 320 112 134 159 300 900 2,300 1,063 1,424 1,915
Puerto Rico 5 7 7 141 250 400 317 740 1,350 I 3 3 400 2,700 6,200 256 310 365

Total 2,351 2,474 2,852 23,745 33,596 50,724 46,405 75,026 127,365 62,738 133,963 259,208 21,800 59,340 211,240 112,578 138,227 153.221

Groundwater Usage, % 85.6 33.9 17.2 0.1 0 35.1
Surface Water Usage, % 14.4 66.1 64.4 99.9 0 64.9
Sal ine Water Usage, % 0 0 18.4 0 100 0

~: The Water Resources Counei I f T'hr; Nation's Water Resources~ Washington. D.C •• 1968.
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Fig. 4.14. Water resource regions. From The Water Resources Council, The Nation's
Water Resources, Washington, D.C., 1968.

used for generalizations relative to the available source and type of treatment required to
supply domestic potable water.

Table 4.25 shows that many single U.S. watershed regions have problems with the supply or
quality of either surface- or groundwaters. Only four of twenty regions have major regional
difficulties arising from an inadequate surface-water supply. Five other regions, however, do
have a moderate inadequacy of surface-water supplies. The national distribution of surface
waters is shown in Fig. 4.15.

Groundwater supplies are being severely depleted in four regions and are being moderately
depleted in two major regions. About one-half the nation is underlain by rock formations
capable of providing at least 50 gpm (72,000 gpd) from wells, as shown in Fig. 4.16, even include
some water-poor areas. Long time periods are required to replenish groundwater, and groundwater
overdrafts, which are occurring nationally, may present serious problems in the future.

The main factor in considering adequacy of water supply for new consumers is the overall
water balance as shown in Fig. 4.17. Several major areas show a water deficiency, and the
problem of inadequate supply may be expected to increase as the year 2000 approaches.

It is important, however, to remember that water is avery site-dependent resource and is
used in large quantities. For example, the general municipal use in the United States is often
estimated to be around 100 gpd/person. A high average cost for collecting, treating, and
transmitting potable water is generally $0.50/1000 gal, or $0.05/day per person. At such a low
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Fig. 4.15. Average annual runoff. From The Water Resources Council, The Nation's Water
Resources, Washington, D.C., 1968.

price, the cost of transporting water only a small distance can become a very large part of the
total water cost. This is illustrated by the sample problems on water supply in refs. 1 and 2.
Water availability varies considerably between different areas in a given region. For example,
persons residing near Lake Mead in Nevada have access to a large surface-water supply, whereas
persons residing 20 miles from the lake may have considerable difficulty in obtaining surface
water. Groundwater is very site-specific. For example, a farm having a poor well may border
on a farm having a well that produces large quantities of high-quality water.

The local variation in water availability and community needs determine the type of water
supply most suitable for a given community. Communities of over 20,000 or 25,000 persons tend
to use surface-water supplies, and smaller communities tend to use groundwater supplies. Water
quality and, consequently, water treatment varies considerably according to both locality and
type of water supply. As shown in Table 4.25, groundwater supplies generally tend to be higher
in dissolved minerals than are surface-water supplies. Surface-water supplies tend to be higher
in suspended materials such as bacteria and sediment. Often the surface water is more difficult
to treat than is the groundwater because the suspended solid matter must be removed by the treat
ment process.

Table 4.25 shows the various pollution problems found in the twenty U.S. watershed regions.
Although thermal pollution, or heated water discharge, may disturb the ecology of an area's waters,
it will often not deleteriously affect the quality of the water with respect to use as a com
munity supply.
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Fig. 4.16. Groundwater areas in the United States. From The Water Resources Council, The
Nation's Water Resources, Washington, D.C., 1968.

Deleterious effects arlslng from cooling water use, which do not affect treatment methods
for potable use, include the introduction of bactericidal or algicidal materials, such as
chromate, into water supplies; the growth in and discharge of algae from cooling ponds and
towers; increased salinity and/or other chemical changes induced by evaporation; and thermal
pollution. The effect of thermal pollution on stream ecology, eutrophication, and the exertion
of oxygen demand by wastes is not yet fully understood.

The discharge of wastewaters is a serious problem in two watershed regions and a major
problem in eight other regions. Wastewater discharge may deleteriously affect the quality of
surface water in several ways. Industrial waste discharges may contain hazardous chemicals
that must be removed from water during treatment. They may contain colored material, such as
yellow or red dyes, or materials with an undesirable taste or odor, such as phenols. Wastewater
discharges from either a municipal or industrial source may increase the suspended sediment in
a surface water and thereby necessitate more extensive water-treatment processes for downstream
communities. Some industrial or municipal discharges may stimulate the growth of algae in the
receiving water. This may adversely affect the taste of the treated potable water from these
supplies.

Sediment from natural or man-made sources is a severe problem in three regions and a major
problem in six regions. Figure 4.18 shows the distribution of sediment in surface waters of the
United States. A large amount of sediment in the surface waters of a region may necessitnte the
use of sedimentation and filtration in a water-treatment plant. Rapid changes in the amount of
sediment in a surface water may overload a treatment plant and cause the temporary distribution
of turbid, or cloudy, drinking water.
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Fig. 4.17. Areas of natural water surplus and natural water deficiency. From The Water
Resources Council, The Nation's Water Resources, Washington, D.C., 1968.

Salinity is a severe problem in three regions and a major problem in two regions. It can
be caused by either natural sources, such as the solution of salts or minerals by streams, or
by man-made sources, such as the return water from crop irrigation or industrial discharges.
Agricultural water returns a large amount of chemical salts, pesticides, herbicides, and
nitrates to surface- and groundwaters. In many cases, the use of high-salinity surface waters,
such as those receiving agricultural return water, requires desalting processes to produce
potable water of the desired purity. Figure 4.19 shows the distribution of salinity, or total
dissolved solids, in the United States.
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Fig. 4.18. Concentration of sediment in streams. From The Water Resources Council, The
Nation's Water Resouraes, Washington, D.C., 1968.
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Fig. 4.19. Concentration of dissolved solids in stream flow. From The Water Resources
Council, The Nation's Water Resources, Washington, D.C., 1968.
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4.7 SOLIO-WASTE-OISPOSAL REQUIREMENTS

It has been estimated that over $4.5 billion is being spent yearly for the collection and
disposal of urban and industrial solid wastes;l furthermore, an estimated 80% of this amount
is spent on the collection portion of the operation and the remaining 20% on disposal. 2 In a
recent survey of 166 cities having a population of 10,000 or more, Stone reported that 12.4
million tons of solid waste was collected at a cost of $217 million, which gives an average
unit collection cost of nearly $18/ton. 3

With attention currently being focused on the solid waste problem, it would be interesting
to estimate the volumes and weight of solid waste to be produced in future years. The U.S.

Public Health Service has estimated that the production of solid waste per person in the United

States will continue to rise by about 4 to 6%/year. 4 Using their estimated solid-waste
production rate of 5.5 lb/day per person and a conservative annual increase of 4%/year (without
compounding), a production rate of 8, 10, and 12 lb/day per person in 1980, 1990, and 2000,
respectively, is anticipated. Using the population projections given in Sect. 4.4 (see Table
4.8 for census series 0), the total amount of solid waste produced will rise from 860,000 tons/
day in 1980 to 1,700,000 tons/day in 2000. Of course, these numbers are based on estimates of
increased per capita waste production, which may not be the case if recycling or changes in
life-styles occur prior to the year 2000, or if population does not increase as fast as antici
pated. Using the figures presented in this section for collection costs and those in Sect. 3.7
for disposal, some idea can be obtained for the cost of solid-waste management in the future.

As indicated in Sect. 3.7, most of the solid-waste-disposal methods currently in use are
land disposal methods. Many of these are not properly operated, resulting in public nuisance
conditions and environmental degradation. In 1968, Vaughan estimated that to upgrade collection
and provide adequate disposal facilities would take an expenditure of $835 million/year for five
years. 4 This expenditure would merely bring existing systems up to date and would account for
new facilities needed to meet expanded solid-waste production.

As shown in Sect. 3.7, incineration is currently used to handle about 8 to 10% of the solid
waste produced in the United States. s There are many positive and negative factors, both tech
nical and societal, that influence a projection of incinerator use. With the exception of
possible national or state disposal regulations, it is expected that local site-specific factors
will be dominant. Currently, there is considerable interest being expressed in incineration,
especially with heat recovery, or in the use of solid waste as a supplementary fuel in utility
power plants. 6 Many municipalities and utility companies have expressed an interest in con
structing and operating facilities of these types. 7 Thus, it could be anticipated that the
fraction of the municipal solid waste burned in incinerators or utility boilers would increase
during the period up to the year 2000. Although incineration with heat recovery is more common
in Europe, there is still concern in the United States regarding proper design, corrosion, air
pollution, and economics. Future changes in air-pollution standards, or a reinterpretation of
existing standards, could slow down the possible increase in the utilization of incineration.

Lack of land for landfilling is often cited as a reason for the increased interest in incinera
tion; however, this is mainly a problem in large cities, and increased use of transfer stations
or rail transportation may allow economical utilization of land at greater distances from the
cities. 8 One should also consider that a trend of the past has been to shut down incinerators

and replace them with land disposal operations. 9
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Recycling may also reduce the amount of solid waste requlrlng disposal. IO Recycling does
not appear to be attractive in a single small community, but it may become economically viable
if a system can be set up to service a number of developments. 11 For recycling to be effective,
citizen support and cooperation appear to be necessary. Since the MIUS operator has more con
trol over collection and storage methods within the development, and since residents could
benefit directly from recycling, it may be easier to institute the necessary actions to ensure
citizen support in a MIUS-served development.

Societal characteristics and attitudes related to disposal methods are in a state of change
and cannot be projected with certainty. It is believed, however, that land disposal will be used
for most of the solid waste generated over the next two decades, and 'that the use and acceptance
of incineration (and perhaps pyrolysis) will increase gradually, especially in applications
utilizing the heat content of the waste and supplemental fuel.

It is also expected that municipal problems associated with upgrading existing and providing
new facilities would significantly reduce the probability of nontechnical societal constraints
on the use of small, independent waste-management systems as used in MIUS. Thus, the use of
incineration (or pyrolysis) in a MIUS solid-waste subsystem would depend on the economic and
technical considerations discussed in Sect. 3.7.
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4.8 PROJECTED LIQUID-WASTE-TREATMENT REQUIREMENTS

As indicated in Sect. 3.6, concern about the pollution of our surface- and groundwaters has
resulted in the passage of a rather stringent and complicated water pollution control act (Public
Law 92-500).1 Some indication of the current status of waste treatment and collection systems is
given in Table 3.31, and it can be seen that a greater percentage of the urban population is
being supplied with sewers and treatment facilities. Large increases have not been observed in
the use of more advanced treatment processes, which may be required to meet the treatment tech
nologies scheduled to be implemented by 1983. A recent survey of national needs conducted by
the EPA to estimate the cost of meeting the needs of the 1990 series E population estimates for
facilities meeting the 1983 criteria indicated that about $88.5 billion (in June 1973 dollars)
would be required (survey categories I through IV).2 Correction of combined sewer overflows
(category V) and costs for the treatment and/or control of storm water (category VI) are esti
mated to be another $261 billion, making a grand total cost estimate of $350 billion.

A breakdown of the cost of sewage collection and treatment has been presented in Table 3.29
of Sect. 3.6. It was shown that the cost of the collection system was a major portion of the
total collection-disposal system. The amortized cost of interceptors and outfa11s alone was
about equal to that of treatment plants. The previously cited needs survey indicated that
$42.9 billion will be required by 1983 for interceptor and collection sewers. Added to this was
$12.7 billion to correct infiltration into existing sewers and rehabilitation of existing collec
tion systems.

Approximate future wastewater-treatment requirements on a volumetric basis can be obtained
by estimating the amount of wastewater produced per person per day and the population forecasts.
Using the Bureau of the Census series E projections and 60, 80, and 100 gpd/person waste produc
tion rates, the total U.S. requirements were calculated as shown in Table 4.27. Values in
Table 4.27 are for the total population served; however, it can be seen that, depending on the
amount of waste produced by each individual, additional collection and treatment facilities to
handle from 3000 to 5000 Mgd of waste will be required from 1975 to 2000. The series E projec
tion was used because EPA has used it in the ground rules for its needs survey of 1974.

Table 4.27. Projected sanitary wastewater volumes

Series E U.S. liquid waste production (mgd)
Year

population 60 gcd 80 gcd 100 gcd

1975 213,925,000 12,836 17,114 21,392
1980 224,132,000 13,448 17,930 22,413
1985 235,701,000 14,142 18,856 23,570
1990 246,639,000 14,798 19,731 24,664
1995 256,015,000 14,361 20,481 25,602
2000 264,430,000 15,866 21,154 26,443

Water quality problems in 22 major rivers, which were reported in the 1973 NationaZ Water

QuaZity Inventory Report, 3 indicate the condition of these rivers and changes that have occurred
since 1963. The results of this inventory are shown in Table 4.28. It can be seen that many
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Table 4.28. Water quality trends for 22 major rivers (1963-72 )
[prel iminary]

Trends of reaches from % of reaches exceeding
Readers 1963-67 to 1968-72 reference levels

Parameter
analyzed

Improved Worse % Improved 1963-67 1968-72 Change

Suspended solids 24 20 4 83 30% 16% -14%

Turbidity 27 21 6 78 30 32 +2
Temperature 29 20 9 69 0 0 0
Color 27 7 20 26 No reference level used

Ammonia 21 16 5 76 14 4 -10
Nitrite 5 2 3 40 No reference level used
Nitrate (as N) 13 0 13 0 0 0 0
Nitrate (as N0

3
) 19 5 14 26 No reference level used

Nitrite plus nitrate 24 8 16 33 0 0 0
Organic nitrogen 8 4 4 50 No reference level used

Total phosphorus 25 4 21 16 35 54 +19
Dissolved phosphate 16 8 8 50 8 25 +17
Total phosphate 13 6 7 46 30 37 +7

Dissolved solids (105°C) 24 16 8 67 29 21 -8
Dissolved solids (I80°C) 23 14 9 61 28 12 -16
Sulfates 30 16 14 53 13 13 0
Chlorides 30 18 12 60 13 10 -3
Alkalinity 29 12 17 41 No reference level used
pH 30 16' 14' 53 0 0 0

Dissolved oxygen 27 17 10 63 0 0 0
BOD5 27 19 8 70 0 0 0
COD 18 13 5 72 No reference level used

Total coli forms (MFDf 21 14 7 67 26 14 -12
Total coliforms (MFI) 9 4 5 44 56 30 -26
Total coliforms (MPN)t 9 6 3 67 25 21 -4
Fecal coliforms (MF)t 5 3 2 60 60 21 -39
Fecal coliforms (MPN)t 4 3 1 75 17 43 +26
Phenols 7 5 2 71 82 69 -13
Odor 4 2 2 50 No reference level used

*For pH, read "less acidic" for "improved"; read "more acidic" for "worse."

TMembrane filter delayed, membrane filter immediate, most probable number, membrane filter.

Source: The Economics of Clean Water - 1973, U.S. Environmental Protection
Agency, Washington, D.C., December 1973, p. 14.

rivers have improved their water quality, especially in terms of bacteria and oxygen demand,
although nutrients (phosphorus and nitrogen) appear to be an increasing problem. Table 4.29
reports, in terms of shoreline miles of rivers that are polluted, data from a survey conducted
by EPA in 1971 (by EPA region). This survey indicated that about 30% of the stream miles are
in violation of the stream quality criteria.

Although the current gap, or backlog, for municipal facilities might appear to be small on
a national scale, the effect is disproportionately severe in cities experiencing rapid growth.
In an article in U.s. News and World Report, the use of a sewer moratorium as a method of con~

trolling housing starts was discussed. Significant points in that article are:

The big boom in surburban home building is running into a new set of problems.

Rough environmental controls ... problems with public facilities such as sewers and
shortage of natural gas and power

... demands on builders to help pay for ... sewers and other services will boost
the cost of houses to levels where many young families may be priced out of the market
along with other low- and moderate-income people.



4-91

Table 4.29. Prevalence of stream quality criteria violations, 1971

Stream and M~les of Percent
Shoreline Criteria of Miles

EPA Region Miles Violation Polluted

Boston 29,701 4,869 16.4

I! New York 4,889 2,071 42.4

II! Philadelphia 24,311 8,437 34.7

IV Atl anta 39,125 14,840 37.9

V Chicago 28,769 18,569 64.5

VI Dallas 46,646 10,010 21.5

VII Kansas City 19,189 2,396 12.5

VIII Denver 22,693 5,688 25.0

IX San Francisco 16,693 3,956 23.5

X Seattle 28,166 5,477 19.4

Contiguous U. S. 260,324 76,299 29.3

East of Mississippi River 126,795 48,777 38.5

West of Mississippi River 133,529 27,522 20,6

... moratoriums in the Chicago area were halting work on 7,000 housing units ...

The last big undeveloped area in New York City is remaining undeveloped because of sewer
probl ems ...

In effect, it is an attempt to keep out any intense development pressure for low-income
housing or apartments. 4

It is extremely difficult to depict this problem because the causes and impacts are diverse
and the types of moratoria are very different. A HUD survey in 1973 requested information on
sewer moratoria and their impacts. s Results of this survey are presented in Table 4.30. Note
that only HUD region VIII reported no moratoria. Moratoria can be instituted on a local, state,

or, in certain cases, a federal level.
In general, the status of water-pollution control shows a tendency toward improvement,

although not as fast as anticipated by Public Law 92-500. A recent report by the National
Commission on Water Quality indicates that costs may be greater than those reported earlier in
this section and expresses doubts that the goal of secondary treatment will be achieved by all
pUblicly owned treatment works by the mid-1980s unless additional federal funding is made

available. 6



4-92

Table 4.30. Location and duration of sewer moratoria (HUD survey)

Region

I: Maine, N. Hampshire, Vermont,
Massachusetts, Connecticut, R. Island

II: New York, N. Jersey, Puerto Rico

I I I: Pennsylvania, Delaware, Maryland,
Virginia, W. Virginia, District of
Columbia

IV: N. Carolina, S. Carol ina, Georgia,
Kentucky, Tennessee, Alabama, Florida,
Mississippi

V: Ohio, Michigan, Indiana, Illinois,
Wisconsin, Minnesota

VI: Louisiana, Arkansas, Oklahoma,
N. Mexico, Texas

VII: Missouri, Kansas, Iowa, Nebraska

VII I: Montana, Wyoming, Colorado,
Utah, I,. Dakota, S. Dakota

Number
with

moratoria

5

27

15

88

40

5

24

Less
than

6 months

3

24

6

4

2

19

6 to 12
months

71

12

2

12 to 24
months

3

2

10

2

2

Over 24 Unknown
months or NA

2

6

11

17

IX: California, Nevada, Hawaii, Arizona

X: Idaho, Oregon, Washington, Alaska
Total

Percent responses

16

6
226

3

1

63
28

4

1

91

40

3

1

25
12

6

...l
34
15

13

6
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4.9 LEGAL CONSIDERATIONS

4.9.1 Overview

The purpose of this section is to address the question of how the law might treat a MIUS.
That is, what rights and duties are likely to accrue to various parties when services are
provided by a MIUS, whatever the form of ownership. It is assumed that existing utility law
is a sound basis for judging the legal treatment of a MIUS, since MIUS constitutes the
integration of services with which the law is familiar and because several decisions on "total
energy systems" are available for study. Furthermore, the flexibility inherent in the judicial
process will most likely allow the expansion of existing principles to cover MIUS.

The great diversity among states in statute law, common law, legal precedence, and
institutional relationships demands that each MIUS installation be considered separately. The
need to treat MIUS on a case-by-case basis is stressed; however, a generic assessment is
attempted, to the extent that this is possible, by use of the flowchart in Fig. 4.20. The
flowchart shows a generalized set of legal issues faced by the developer of a MIUS. By con
sidering each of the issues presented, the developer should be able to determine if possible
exclusionary provisions of the law or the burden of future regulation would preclude his
implementation of MIUS.

ORNL-DWG 76-12248

YES

YES

REGULATION
PERTINENT
TO PUBLIC
UTILITY

REGULATION
PERTINENT

TO NON PUBLIC
UTILITY

Fig. 4.20. Legal decisions required for the implementation of a MIUS system.
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For the purposes of this assessment, it was considered appropriate to broadly survey many
aspects of utility law and to generalize, based on a limited number of cases, relative to the
accommodation of MIUS. The legal and regulatory factors considered are diverse and complex.
They vary among states and, in some cases, among local governments within states. A thorough,
nationwide analysis of all factors affecting MIUS was considered impracticable and outside the
scope of this task.

As indicated by Fig. 4.20, a developer must first determine the proper legal entity for
his proposed MIUS. The question if existing forms, such as partnerships or corporations, suit
a MIUS is considered in Sect. 4.9.2. It is shown that a MIUS should have little difficulty in
acquiring a legally recognized status.

Having resolved this, the developer is faced with the question of whether a MIUS would
be considered a public utility. Tests commonly applied in this determination are discussed in
Sect. 4.9.3. As a public utility, a MIUS would need a franchise from the state in which it is
located, to be cognizant of existing utility territories that cannot be violated, and be subject
to state regulation. Benefits pursuant to a public utility classification include protection
from competition, certainty in established regulatory procedures, and the power of eminent
domain.

Certain competition-related factors are so restrictive that operation of a MIUS is precluded
in some areas. The possibility of MIUS exclusion is dealt with in Sect. 4.9.4 and is repre
sented by blocks 3 and 4 of Fig. 4.20.

Finally, the nature of regulation which might be experienced by the MIUS developer is shown
in blocks 5 and 6 of Fig. 4.20 and is discussed in Sect. 4.9.5. The public utility classifica
tion carries with it a greater burden of regulation that directly affects the creation and
eventual operation of the MIUS. However, there is no certainty that, having avoided the
public utility classification, the MIUS can totally avoid similar regulation.

The general conclusion of this section is that MIUS technology will not receive uniform
treatment by the law because of local variation of law and procedure and, to accommodate local
variation, the developer will have to exercise caution in the manner in which he sets up his
MIUS. It appears that at least a part of the potential market for MIUS will be eliminated
either by the exclusion or the unwillingness of a developer to assume the burden of regulation;
this burden may be better shouldered by a conventional utility serving a large public than by
a small MIUS with limited staff. The effects should be minimal, however, if MIUS is owned by
conventional utilities, municipalities, or large private concerns (perhaps operating several
MIUS installations) that have the experience and the staff to deal with legal and regulatory
requirements.

4.9.2 Legal form

Failure to fit into recognized forms of legal entities could impede the implementation of
the MIUS concept. The goal of this section is to explore existing forms of ownership that
might apply to a MIUS and then to speculate on their abilities to accommodate a MIUS. Six
types of real estate entities are examined: (1) tenancies in common and joint ventures; (2)
partnerships and syndications; (3) corporations; (4) real estate trusts; (5) cooperatives;
and (6) condominiums.
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4.9.2.1 Tenancies in common and joint ventures

Under tenancy in common and joint venture concepts, the same property is owned by two or
more persons or entities. A MIUS developer may desire that two or more persons hold title to
the MIUS because of ease in financing or accomplishing the multitude of tasks in organization

and maintenance of a MIUS.
The tenancy in common and joint ventures may be taxed either as a corporation or a

partnership. Even though a co-ownership might not be designed as a corporation, it could have
so many characteristics of corporate structure that it would be so taxed. Corporate structure,
in turn, leads to double taxation since both the corporate entity and the individuals within
the corporation are taxed. On the other hand, only the individuals are taxed in a simple
tenancy in common or partnership.

A partnership may essentially be formed of MIUS co-owners, since it is difficult to have
a mere co-ownership without partnership arrangements if services are to be provided. Two or
more people can simply own property as co-owners, but, if they perform any positive acts,
they must have some arrangements for doing so, such as with a partnership or a corporate
arrangement. Since it would be virtually impossible to own a MIUS without participating in
its management, the tenancy in common or joint venture concepts does not appear to be likely
candidates for accommodating a MIUS.

4.9.2.2 Partnerships and syndications

In a partnership, each partner is individually liable for the actions of any other partner.
The harshness of this arrangement can be modified by the use of limited partnerships. In this
form, one or more persons are publicly authorized to act for the partnership. Others may
become "silent" partners with no managerial or business decision function. The partnership
agreement should specify the functions of the MIUS and the responsibilities of each partner.
Determinations as to who will manage the property and the number of partners required to make
a decision must also be made. Generally, a majority will be required for this purpose.

Continuity may be a problem if something happens to one or more of the partners. For
example, upon the death of a partner, the partnership terminates. At this point, tax problems
may arise. Furthermore, the reorganization of the partnership may differ from the original
agreement. With respect to taxes, a partnership files an information return to the Internal
Revenue Service, but only the individuals are taxed on their share of earnings.

A partnership could certainly accomplish MIUS functions, but this structure has some
potential disadvantages in business operations.

4.9.2.3 Corporations

The corporation may be a better form for the MIUS to take than the partnership. Corpora
tions are more permanent than partnerships and are not automatically dissolved upon the death
or retirement of one of the incorporators. This permanence provides certainty, which would be
beneficial to a MIUS, to provide service on a long-term basis. Another advantage over the
partnership is that, generally, the stockholders of a corporation will not be personally liable

for the actions of the corporation.
On the other hand, the corporation may be more costly, from a tax standpoint, than the

partnership. In addition to the double taxation already mentioned, tax liabilities are
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incurred upon the transfer of properties among corporations or to and from corporations.
Hence, a MIUS in corporate form would be bound to continue service, but not necessarily under
the original incorporators.

4.9.2.4 Real estate trusts

Under the real estate trust, persons can organize to hold real estate interest with most
of the corporate principles applying but without paying corporate tax. Strict Internal Revenue
Code provisions define the real estate trust. This concept is primarily designed to benefit
investment in real estate for investment purposes alone. It may be possible to use the real
estate trust in the organizational stages of a MIUS. However, since the Revenue Code
specifically provides that the trust be used only for passive investment, the MIUS creation
would likely be unable to use a trust because of the active provision of services inherent
in a MIUS.

4.9.2.5 Cooperatives

The cooperative is a form of owning real estate and leasing part of that real estate to
shareholders or members of the cooperative. It usually occurs in apartment housing where a
corporation holds title to the apartments and leases them to its shareholders. Each member of
the cooperative, or each shareholder, holds a lease to a part of the total holdings. As a
shareholder in the cooperative arrangement, the individual holds not ownership but a lease,
usually a long-term one, giving him many ownership qualities but lacking some of the difficulties.
The individual shareholder or the leaseholder pays periodic rent to cover his particular apart
ment or holding and to cover his share of the common operating expenses, such as utilities.

The cooperative arrangement was primarily designed to gain tax benefits. The Revenue
Code permits a tenant shareholder to deduct that portion of his rent that is attributable to
real estate taxes of the cooperative corporation and to the interest incurred on indebtedness.
Usually the cooperative arrangement is used when individuals want to gain tax benefits but
individually lack the financing to own homes or to own substantial real estate investments.

A cooperative arrangement may accommodate MIUS. That is, individuals could organize a
cooperative and could furnish utility services through a MIUS to the leaseholders of that
cooperative. Again, however, the managerial duties of the MIUS would likely have to be
delegated. Those managerial duties might best be delegated through a corporate arrangement.

4.9.2.6 Condominiums

Most states have encouraged the building of condominiums, which provide for separate owner
ship within a multi-unit real estate development. In contrast to the cooperative, where
ownership is lodged in a corporation or central organization, condominium ownership is dis
persed among individuals. As in the cooperative, taxes and interests are deductible in the
condominium. The condominium owner can dispose of his own property by his own action but will
incur tax liabilities upon transfer of condominium ownership.

The condominium owner also owns an undivided interest in common areas such as hallways,
parking areas, recreational facilities, and utility services. Therefore, MIUS may be accommo
dated by a condominium arrangement, but individual owners in the condominium would be
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responsible for the functions of the MIUS. Responsibility for utility operation may be either
assigned or delegated to a common managerial organization under the form of a corporation.
That organization would then be liable for any failure of MIUS function.

Whether or not responsibility for MIUS operation is turned over to an outside organization,
it must be clearly specified who in the condominium organization is responsible for utility
services. The form selected must be able to guarantee continuing utility service. One means
of doing this is to form a corporation or association of condominium owners with elected
electors. This association would care for the maintenance, upkeep, and services for the
individual owners.

It appears that types of legally recognized entities are in use that would accommodate
the installation, ownership, and operation of MIUS. The use of a corporation to actually
manage the MIUS, perhaps in combination with cooperative or condominium arrangements, seems
most likely. As indicated in Fig. 4.20, establishment of the legal entity does not assure
the legal or regulatory acceptance of MIUS.

4.9.3 Classification

The effect of the existing law on MIUS will often hinge on whether a particular MIUS
system is classified as a public utility. A range of legal obligations, liabilities, and
outside influences stems from this classification, the most important being centered on regu
lation, taxation, and condemnation.

For this assessment, public utilities are considered to be those franchised and regulated
by state public service commissions. Municipal utilities are considered to be municipally
owned or operated utilities that, although public in nature, are not directly regulated by
state agencies. Systems operated by nonmunicipal entities, which are not subject to direct
regulation by state public service commissions, are considered private, or nonpublic, utilities.
Whether such entities as private corporations or associations are classified nonpublic and free
from the regulation of commissions depends on tests applied by the courts.

The approach to classification varies from state to state between two limits. In some
states, providing a utility service to any portion of the public for compensation is sufficient
for classification as a public utility. Other states determine utility classification by
type of ownership. More will be said about the common tests applied to this determination in
this section. The regulatory aspects of public utilities are given special attention in
Sect. 4.9.5.

Taxation of utilities will depend on classification. Public service companies are not
instruments of government, and, consequently, their property is taxable unless exempted by
legislative act. 1 Traditionally, public utilities have paid at a higher property tax rate
than other taxpayers; thus, not being classified as a public utility might represent a signifi
cant tax advantage to a MIUS owner. However, one must consider the importance of the tax
variable in a larger context. In relation to other economic factors, tax differentials may not
shift to the advantage of the nonpublic MIUS. Furthermore, although separate tax classifica
tions have been upheld,2 constitutional questions are being raised about the practice.

Another point to consider is that a public utility can acquire the power of eminent domain.
The power of eminent domain is a power of the state. It can, however, be delegated to a
corporation by express legislative authority in order to condemn land that will be put to a
public use and used only for this purpose. Because the success of MIUS in many situations will
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depend on land availabil ity and overcoming land-use problems, the power of eminent domain may
become essential. Its use by utilities is common, provided there is the requisite legislative
grant, public necessity for the taking, and provision for just compensation. In Cline v.
Kansas Gas and Electric Company, eminent domain was granted to a nonresident company for the
purpose of construction of a transmission line. 3 Although the transmission line was to
terminate at a substation and no customers were to be served by it, it was nevertheless con
sidered to be a public use since the line "was to become a part of the integrated system
of the Company"3 and was to be distributed to customers from the substation. Although MIUS
will probably not use transmission lines outside its immediate development, some services may
have to be delivered to it, just as the transmission line delivered power to the substation.
In Monmouth Consolidated Water Company v. Barris, the Superior Court of New Jersey upheld the
grant of the power of eminent domain to a water company, in light of authorizing statutes. 4

The statutes authorized the taking or diverting of any spring or stream of water under the
proper conditions.

At this point, the issue clearly focuses on what constitutes a public utility. No con
clusions should be drawn prematurely regarding positive or negative impact from such classifica
tion. The various aspects of public utility operation in a particular jurisdiction must be

considered before determining whether MIUS would be adversely or beneficially affected by

classification as a public utility.

Most, if not all, states have set out statutory requirements that must be met to determine
what is and what is not a public utility.s For example, in the District of Columbia, a com
prehensive list of legal entities, that provide various services, qualify as public utilities. 6

However, gas corporations, electric plants, and electrical corporations are excluded from the
definition if they are private entities that provide services on private property solely for
their own use or the use of their tenants and not for sale to or for the use of others.? Utah
has a similar exclusion. s On the other hand, the statutory definition in some states appears
to be broad enough to include a MIUS operation. For example, California defines a public
util ity as

any pipeline corporation, gas corporation, electrical corporation, telephone
corporation, water corporation, sewer system corporation, or heat corporation
which performs a service or delivers a commodity to the public or any portion
thereof for which any compensation or payment whatsoever is received. 9

The Florida statutory definition is:
... every person, corporation, partnership, association or other legal
entity . . . owni ng, operati ng, managi ng, or contro 11 i ng any pl ant or other
facility supplying electricity or gas to or for the public within this state
directly or indirectly for compensation. 10

Although statutes, where they exist, are controlling, the courts must determine what is to
be included within the definition of public utility, as established by the legislature. Over
simplifying the matter, the courts would determine whether it was the intent of the legislature
to classify a MIUS as a public utility. To do so, various tests would be applied. Basic to
classification is a determination of whether a MIUS would be/engaging in "public service."ll

The general test is whether the service or product is sold to the general public or is
provided incident to some other business activity.12 For example, the providing of water to
mobile homes was considered only incidental to the operation of a mobile home park and not
the general business of the operator.

Another factor considered is whether everyone who applies for the utility services is
accepted and provided with the service. The actual number of customers is immaterial ,13 but if
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all applicants are accepted the service may be pUblic. 14 However, if the service is confined
to the utility's own shareholders, or members of its own group, it ordinarily is not con
sidered a public utility.15 New Jersey has established one of the more complete tests to
determine whether a system operates for the public use. The following questions are raised:

1. Was the proposed service an inducement to the prospective buyer?
2. Was there a sales campaign involved?
3. Is the number of customers significant?
4. Is there potential for expansion?
5. Are the facilities located in public streets?
6. Does the company have the usual incidents of utility operation?

(Consider such items as separate charges and metering. 16)

All of the methods mentioned will be helpful in predicting the MIUS classification for a
particular jurisdiction. It should be kept in mind, though, that there is room for con
siderable discretion by utility commissioners and courts in determining the status of a
particular system.

At this point, it will be beneficial to examine some relatively recent decisions concerning
the issue of whether a corporation will be recognized as a public utility. These opinions
illustrate the interaction of MIUS-type systems with existing utilities. They may also show
some inconsistencies with each other and with the discussion in this section. This should not
be disturbing to the reader, but rather should serve to illustrate the uncertainties with which
the MIUS developer may have to deal. It also indicates the inherent indeterminate character
of the law, as opposed to the more dependable application of natural laws.

In Drexelbrook Associates v. Pennsylvania Public Utility Commission,17 the applicant
owned an apartment village which included 1223 residential units, 9 retail stores, public areas,
and recreational facilities. The Public Utility Commission had denied permission to Drexel
brook Associates to purchase gas, electricity, and water for resale to its tenants where they
were already receiving such services directly from the electric company. Tenants were to be
billed as if they received utilities directly from the electric company, but Drexelbrook was
to make a profit on the electricity. The Public Utility Commission's reasoning was that
Drexelbrook was a public utility within the meaning of the Pennsylvania statute because it was
furnishing services "to or for the pUblic" and because the service "would not be merely
incidental to the operation of Drexelbrook, but would be a separate and distinct enterprise
for profit."17 The'Supreme Court of Pennsylvania, however, held that service was to be pro
vided to a "special class of persons," not to the "indefinite public," and, therefore, Drexel
brook was not a public utility subject to regulation by the Public Utility Commission. The
court also ruled that the fact that Drexelbrook was acting for profit and the fact that the
equipment had previously been used to serve the public were immaterial. The commission charged
that it would be contrary to public policy to remove from commission supervision service that
was already within its jurisdiction. The court's response was: "The controlling consideration
is not whether regulation is desirable, but whether appellant is subject to regulation under
the Public Utility Law." The dissenting opinion rebutted this position and alluded to the
desirable qualities of regulation. It was noted that the majority position essentially defeated
the purposes of the Public Utility Code because it could result in protection of giant land
lords; thus, thousands of tenant,s could be unprotected because they were a "special class of
persons" as defined in the majority opinion. In addition, the dissent distinguished the cases
cited for support by the majority on the basis that they involved situations where the persons
affected had a choice of services and therefore retained the option of protection.
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In City of Sun Prairie v. Public Service Commission,I8 the Wisconsin Supreme Court's
rul ing was consistent with that of Drexelbrook. In this case, however, the city of Sun Prairie,
a municipal corporation, was a public utility "operating under an indeterminate permit to
furnish electric heat, light and power to the public within its boundaries." Sun Prairie
sought to overturn a ruling by the Public Service Commission that a third party was not a
public utility within the meaning of Wisconsin's statute. The third party owned land within
Sun Prairie and proposed to construct an apartment complex intended to house 1000 people. He
was to generate his own power and provide it to his tenants along with heat, light, and water.
The apartments were to be available to the general public, and billing for utilities was not
to be separate from the rent. A 1911 case was controlling, in which the court stated:

The word "public" must be construed to mean more than a limited class defined by
the relation of landlord and tenant, or by nearness of location, as neighbors,
or more than a few who, by reason of any peculiar relation to the owner of the
plant, can be served by him. 19

Drexelbrook and similar holdings in California,20 Missouri,21 and Ohi022 were cited.
A case that held in favor of the public utility status and was apparently inconsistent

with Drexelbrook and Sun Prairie is Cottonwood Mall Shopping Center, Inc. v. Utah Power and
Light CO.23 Cottonwood Shopping Mall was located in the territory served by the Utah Power
and Light Company, a public utility. As part of a total energy plan, Cottonwood attempted
to furnish electricity to its tenants and constructed an energy plant. Charges for power,
heating, and air conditioning were included in the rental rates for the tenants, who had agreed
to share maintenance costs and the expense of lighting the parking area. The Utah Power
Company objected on the basis that Cottonwood did not hold a certificate of public convenience
(or franchise) from the Utah Public Service Commission. The court reasoned that because
services were provided both in the mall and the parking area, the general public who frequented
the mall was also being served by the energy plan. This case emphasizes the importance of
predetermining and meeting all state requirements. Cottonwood did not intend to be a public
utility, but was judged to be performing a public function without proper authorization from
the state and was prohibited from further unlawful competition.

The foregoing analysis is based on existing utility law and it must be emphasized that
any state, if it so desires, may regulate any MIUS operation through interpretation of existing
legislation or by enactment of new legislation, without distinction as to the type of classifica
tion or ownership.

4.9.4 Competition

This section deals with factors related to competition which affect either a public or
nonpublic MIUS in such a way as to preclude the possibility of implementation. The subject
corresponds to blocks 3 and 4 of Fig. 4.20.

4.9.4.1 Franchise

The conduct of a public utility must be authorized by the state through franchise. 24 A
franchise is a contract between the government and the public utility which confers upon the
latter the right to function within a given area for designated purposes. Franchises usually
deal with matters of large public concern, such as utility services, where lack of regulation
and/or control might seriously injure the public interest and need. 25 It follows that the
primary object of the granting of franchises is to benefit the public. 26
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Even if a MIUS does not require a franchise it must be concerned with those who do. In
the absence of state constitutional bars, a legislature may grant exclusive franchises. 27 Public
health and safety may both be grounds for governmental sanction of monopolies in a utility
area. 28 To sustain such a grant, the governmental unit must establish that the business
involved is one that requires regulation. 28 Where this occurs, the grantee is entitled to
freedom from competition. Even the holder of a nonexclusive franchise has the right to pro
tection from competition by another who lacks due authorization. Therefore, unless all rights
in a given territory are fully investigated, the MIUS may be subject to attack by even non
exclusively franchised utilities.

At this point it would be helpful to consider how one state, New York, deals with com
petition problems that involve conventional utility services. Assuming that only two parties
are involved, there are four forms that the conflict might take.

Public utility vs public utility

If a public utility conflicted with, or was construed to be in competition with an existing
utility franchise, it could probably be denied a franchise in furtherance of the general public
policy of discouraging duplication of utility facilities as economically wasteful to consumers. 29

The decision as to whether a new franchise should be granted is within the discretion of the
Public Service Commission and is to be based on public convenience and necessity. 30 If the
MIUS does not conflict with an existing system, then all it need show is the ability to carry
out utility services to potential customers. 31 Thus, being a public utility might be an
advantage because, once franchised, MIUS would be protected in large part from competition
unless its service could be shown inadequate.

Public utility vs nonpublic utility

Generally, one who provides services in New York, but who is not a public utility, has no
cause of action against a public utility for competition with the private company. 32 New York
has decided that utility franchises are property rights even when nonexclusive. 33 It appears
that the holding of a franchise grants a public utility the right to exist and compete even

though there is a preexisting private company that provides services to a segment of the area's
population.

A private company, such as a commercial establishment, providing utility services might be
allowed in New York as long as it furnishes utilities by contract only to its tenants. 34 In
this situation, conflict with an existing utility should not be a problem since private con
tracts do not conflict with public utility service. However, the Cottonwood decision indicates
the possibility of a private company which provides services being construed as a public
utility if it serves any part of the general public. 23

Nonpublic utility vs nonpublic utility

A nonpublic utility should have little concern about unlawful competition with existing
nonpublic utilities because competition is allowed and promoted on private levels.
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4.9.4.2 Service assignment

Another factor affecting the MIUS owner is whether he will be permitted to include sewage
treatment as one of his services. This point is included here because sewage treatment may
present a problem that is akin to the competition dilemma. Due to the public interest and
health aspects involved, it is not clear who can remove sewage. The circumstances under which
one can do so are also vague. Some courts have taken the position that the removal of water
borne wastes is strictly a municipal function,35 and consequently a city cannot delegate its
powers to establish sewers. 36 This implies a lack of power to grant a sewer franchise. 37 In
this sense a MIUS might be in competition with a municipality if it offers sewerage services
within the municipality's limits. On the other hand, some jurisdictions have held that it is
possible to grant such a franchise. 38

The reasoning behind the possible inability to grant a sewer franchise is that supervision
and regulation of sewers concern the health and welfare of the public and are thus public
powers of the municipality. The police power must always be available for use when and if the
public need arises to exercise such power. 39 However, the possibility of locating a MIUS
liquid-waste subsystem outside the municipality still exists.

4.9.5 Public service commission regulation

A MIUS operator must be completely familiar with his and the state's duties and respon
sibilities prior to construction. State-imposed regulatory requirements are the subject of
blocks 5 and 6 of Fig. 4.20. It is possible, after examining the issues through blocks 3
and 4 of Fig. 4.20, that a prospective MIUS owner would still wish to proceed with his
development. However, upon examining the impact of regulation as discussed below, he may
decide that regulation is too onerous a burden, and he may choose conventional utilities
instead, or he may abandon the particular development if conventional utilities are unavailable.
Thus, the issue of regulation is potentially very important.

Three forms of regulation are recognized in the following discussion. First, there exists
the municipal utility which is subject to self-, rather than state, regulation. State statutes
may exclude municipal utilities from state regulation. Second, regulation by the state occurs
when a franchise is granted. For example, since Cottonwood Mall was serving the public, it
had to be authorized through a franchise by the state. The state, in turn, owed the recipient
public the duty of regulation of the utility. Third, there is the situation shown in
Drexelbrook and Sun Prairie, in which a private entity provided services, was not a public
utility, and, therefore, was not subject to regulation by the public service commission. Hence,
at this level, as in the first, there is largely self-regulation.

Although this trilevel separation is useful for analytical purposes, it is a vast over
simplification. No entity that provides services can operate without some form of regulation.
Whether the utility is run by a private corporation, a municipal corporation, or an associa
tion, certain universal duties are owed by the utility to the public that it serves. 40 From
failure to perform these duties, liabilities will result. Furthermore, such duties and
liabilities often arise by implication of law, and, thus, an express contract is not essential .41

Even where a single private citizen becomes a public service entity, he absolves himself from
the distinct rights of a private citizen and places himself in a class with other public
service enterprises. 42
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A franchise is usually required where-lack of regulation and/or control might seriously
injure the public interest and need. 25 Therefore, if a franchise will not be granted for
sewerage, there is an indication that the removal of sewage may be too sensitive an issue for
even the state regulatory agencies to handle because municipally owned utility systems may be
beyond direct regulation of state agencies. However, the hand of the state will still be felt
because, although direct control is withheld from the state, indirect control is never
relinquished; municipalities are creatures of the state and municipal systems will have to meet
state standards for utility operation. For instance, Arizona law requires a municipal corpora
tion to submit to a pUblic referendum before it can provide services.

A comparison of the regulation of public and nonpublic utilities shows that the un
franchised (nonpublic) utility will probably experience somewhat less regulation, but still a
significant amount. Table 4.31 is an attempt to draw this comparison in a very general way.
Most nonpublic utility regulation is related to environmental factors stemming from health and
environmental degradation standards (Sect. 4.9.6). On the other hand, public utilities must
conform to these standards plus an additional set stemming from their special relationship with
the public service commission. For the developer unaccustomed to interference in the day-to-day
operation of his business, the power of a regulatory commission to set his rates and order
repairs and changes to his system may seem to be undue interference. The regulations listed in
Table 4.31, which are unique to utilities, are discussed below.

Table 4.31. Comparison of regulations imposed on
public and nonpublic utilities

Public utility

1. Environmental

2. Health

3. Safety

4. Zoning

5. Discrimination of
controlled

6. Submetering and resale

7. Certificate of con
venience

8. Rates established by
Public Service Commis
sion

9. Commission can order
repairs, improvements,
and additions to
plant

10. Must furnish service
to anyone in area

11. Cannot abandon ser
vice

12. Commission may pre
scribe standards for
all aspects of the
commodity

13. A performance bond
may be required

Nonpublic utility

1. Environmental

2. Health

3. Safety

4. Zoning

5. May need:

a. Certificate of con
venience

b. Commission approval
of area to be served

c. Performance bond



4-104

4.9.5.1 Discrimination

A public utility cannot discriminate unreasonably in the service it gives. Thus, an
Arizona court held that a municipal corporation could not require a $50 service deposit of a
resident whose tent house was within the established zone of service when it did not require
such a deposit of its other customers. 43 Where there is a reasonable basis for distinction,
however, the courts have upheld variations in service supply or charges. Such practice may well
be allowed of a nonpublic utility.

4.9.5.2 Submetering and resale

Some states completely prohibit the submetering of electricity. The California courts have
required that the rates to submetered customers must be the same as if the utility company
supplied them directly.44 The Florida Public Service Commission was unable to regulate the
rates and service for electricity sold by a landlord to his tenants, but it could prevent public
utilities from selling electricity wholesale for resale by its customers. 45 Florida statutes
require any utility that provides service for resale to provide such service on terms and con
ditions established by the commission. 46

4.9.5.3 Certificate of convenience and necessity

State commissions generally have the authority to issue certificates on public convenience
and necessity.47 Most state public utility codes require that all public utility corporations
obtain such certificates before they begin construction. The requirement for certification may
extend to the developer of a MIUS even though he is not classified as a public utility. An
Arizona attorney general's opinion is that a cooperative utility must receive certification
prior to providing public utility service to its customers, and, if the cooperative's articles
of incorporation indicate that its intent and purpose is to serve only its members, the
cooperative will be certified to serve only those members. 48 Under this theory, a MIUS,
although perhaps not "pub1ic," woul d requi re a certHi cate of necessity from a uti 1ity com
mission to operate. That certificate would establish the range of authority for MIUS and would
probably have to be amended as the MIUS expanded.

Where there is an existing utility company in the territory, a new company must apply for a
certificate of necessity and convenience, and the commission may determine which of two competing
companies may operate in the territory.49 As long as MIUS is either public or is in competition
with existing public utilities, the MIUS can anticipate some voice from a utility commission.

In granting a certificate of convenience and necessity, the California commission has
established that it will look at the following factors: (1) community values, (2) recreational
and park areas, (3) historical and aesthetic values, and (4) influence on environment. 50 The
California commission further delineated its requirements in a number of cases. Among the
factors to be considered when determining which of two competing water utilities should be
certified are (1) financial soundness and managerial ability, (2) adequacy of water supply,
(3) adequacy and cost of new system, (4) utilization of new system in providing additional
backup facilities for existing system, (5) proximity of new area to the logical operating
territory of the utility, (6) level of rates to be charged new customers, and (7) the
preference of the developer. 51 The commission denied a certificate for a small water company
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for a development where the number of uneconomical water utilities in existence would be
increased. They say that no public utility could successfully operate the proposed isolated
water system, and it would be in the public interest to have all the public services in the
development consolidated. 52

Some states require consent of the local authorities before a certificate of public con
venience may be issued. 53 Arizona law provides that every applicant for a certificate submit
evidence that it has received a franchise or consent from the proper county or municipal
authority before a certifi cate of conveni ence and necess ity will be is sued. 54

4.9.5.4 Rates

Unless restricted by the constitution or unless the power has already been given to the
municipality, the commission has the exclusive power to regulate the services and rates of
public utilities. 55

4.9.5.5 Repairs, improvements, and additions

Commissions have broad power to require repairs, improvements, and additions to public
utility plants to maintain standards of service and in the interest of efficiency.56,57 As
MIUS interacts with other utilities, it may be so regulated by service-area agreements. As
an example, the Florida commission is expressly prevented from exercising its powers in regard
to entirely city-owned utilities, but it has the authority to approve service-area agreements
between private and municipal utilities. 58

4.9.5.6 Duty to serve equally

By definition, a public utility serves all members of the public equally, within its
service area, simply through its acceptance of a government franchise to operate. 59 A private
MIUS, on the other hand, could be certified to serve only a predefined pUblic. 48

4.9.5.7 Abandonment of service

The position generally taken by the courts is that a public utility has no right to dis
continue or abandon its service or any part of its property devoted to public use without the
consent of the state. 60 Only normal contract remedies would be available to the consumer
served by a nonpublic MIUS in the event of abandonment.

4.9.5.8 Standards

Commissions can generally prescribe standards for all aspects of the commodity furnished
by a public utility. For instance, the California commission may prescribe standards for
equipment, facilities, service, method of manufacture, distribution, transmission, storage, or
supply. 61
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4.9.5.9 Performance bond

The local 90verning body can require the posting of a performance bond for the completion
of the construction of a sewage works system, and it may require (from a utility corporation)
a reasonable guarantee of continued maintenance and operation of the system for a set period
of time. In the event of abandonment, the local governing body has the right to continue to
operate the system in the same manner as a municipally owned utility.52 Of course, this
requirement can weigh as heavily on a nonpublic utility as a public utility.

4.9.5.10 Tariffs and reports

Commissions normally require the filing of tariffs and annual reports. Additional data
may be requested at any time as part of the investigative power of the commission.

Conforming to the regulation imposed on a public utility would probably be difficult for
a MIUS with a small staff because of the broad range of expertise needed and the volume of
paperwork and coordination necessary to deal with the commission. Therefore, it might seem to
be an obvious advantage to the MIUS to be classified nonpublic, freeing itself from commission
regulation. However, the attempt to achieve nonpublic status cannot guarantee freedom from
regulation since the state can still cancel nonpublic status by either of two means:

1. Interpreting existing legislation or enacting new legislation that would lead
to regulation. A public service commission may be given authority over a MIUS
or any other utility without any distinction as to public or nonpublic
classification.

2. Interpreting what was intended to be a private company or association as a
public utility.

In conclusion, the MIUS developer should look to the uncertainties of his public status
and the trend of recent years toward greater government regulation with the expectation of
more, not less, regulation.

4.9.6 Government regulation

This section considers federal, state, and local government regulation.

4.9.6.1 State planning and environmental agency regulation

Several of the states examined have instituted statewide planning agencies and have con
solidated their health-oriented regulatory functions into a department of conservation or
department of environment. For example, both Arizona and California have recently created
power-plant siting committees, whose function it is to determine the optimum location (based
on environmental criteria) for future electric-power-generating plants. 53 Arizona requires a
certificate of environmental compatibility based on factors such as (1) existing plans of the
state, local government, and private entities for other development at the proposed site; (2)

fish, wildlife, and plant life in the area; (3) noise emission levels and interference with
communication signals; (4) proposed availability of the site for public recreation; (5)
existing scenic areas, historic sites, and structures in the area; and (6) the total environ
ment of the area. 54
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Similarly, in 1971. the Arizona state legislature ordered the state Department of Health
to prepare a comprehensive statewide solid-waste-management plan for the collection, storage,
transportation, processing, reclamation, and disposal of solid waste. 65

Florida recently created an Air and Water Pollution Control Department which, in addition
to its rule-making functions, may require that any stationary installation reasonably expected
to pollute the air or water must obtain a permit from the department. The department may also
require that the plans and specifications for such an installation be presented to it before
construction is begun. 66

These planning and environmental agencies on the state and regional level are on the up
swing in influence and power. MIUS installations will undoubtedly have to contend with such
agencies. Even though a particular MIUS might be private in structure, it would still have to
conform to environmental standards. The size and design of a MIUS should put it in a favorable
environmental position, and it may receive support from state, regional, or local environmental
and planning groups.

4.9.6.2 State health department regulation

The functions of most state health departments include supervlslon of the construction,
improvement, alteration, or operation of public water supplies and sewage-treatment and -disposal
systems. 67

In Florida, the state Department of Health would appear to have concurrent jurisdiction
with the newly created Department of Air and Water Pollution Control to approve water supply,
sewage, refuse. and sewage-treatment systems. No county, municipality, person, corporation,
or community of more than 25 inhabitants may install such a system until the plans and specifi
cations have been submitted and approved by the Department of Health. 68 Arizona has recently
created both a Water Quality Control Council and an Air Pollution Control Division within the
state Department of Health. 69

However, in some areas, it may seem questionable as to whether it is the health or
environment department or the public service commission which has jurisdiction. In Arizona,
the state attorney general ruled that the Arizona Corporation Commission (now the Public
Utility Commission) has jurisdiction over privately owned garbage-collection services. 70 In
some states, the state commission can require that environmental criteria be followed by public
utilities. 71

Although there may be some conflict as to who has jurisdiction, more likely than not the
public service commissions will begin to turn more to specialized agencies with expertise in
health or environmental factors. For example. the Pennsylvania Public Service Commission must
submit any question of fact regarding the purity of water supplied to the public by any public
service company over which it. the commission, has control to the Department of Health (now
Environment Department) for a finding, which will then be incorporated into the commission's
decision. 72

In California, the Public Utility Commission (PUC) and the Air Pollution Control Districts
are considered to have equal authority to prescribe relevant standards. Thus, the PUC could
not grant permission for the construction and operation of a privately owned electric
generating unit when the Air Pollution Control District of the area said that such a unit
would violate emission standards. The court directed the utility to comply with the require
ments of both bodies. 73 Air-pollution-control districts were established in California in
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1947 and are in charge of both district- and statewide pollution. They may require that a
permit be obtained before any building is constructed or before any equipment is erected or
operated. 74 A MIUS developer must be careful to conform to the regulations of all pertinent
state agencies.

4.9.6.3 Local regulation

Hea1th boards

Most states allow local boards of health to have the authority of establishing health regu
lations if they are not in conflict with state regulations. 75

Air-pollution control

Developers, whether using MIUS or conventional utilities, will probably be required to file
a plan or map of any subdivision for approval by the department of health having jurisdiction,
whether that department be state, county, or city. Such a plan or map must show methods for
obtaining and furnishing an adequate and satisfactory water supply and sewage facilities for
the subdivision. 76

The County Board of Supervisors in Arizona may establish a local air-pollution-control
district which may sue in the name of the district and may take and hold real or personal
property. 77 The Arizona Air Pollution Council, which is in the state Department of Health, has
original jurisdiction over major sources of air pollution, that is, those capable of generating
more than 75 tons/day of air contaminants. Otherwise, jurisdiction rests with the county air
pollution-control district. 78

Similarly, in Florida, each county and municipality may establish and administer a local
pOllution-control program. The state department will continue to have the exclusive authority
to require and issue permits, although it may d~legate that responsibility if necessary. 79

Planning boards

Of particular interest to any developer (MIUS or conventional) is a new type of legislation
recently passed in Arizona which provides for the creation of "general improvement districts."8o
These districts may be established in any unincorporated area consisting of not less than 4000

acres by the Board of Supervisors of the county in which the proposed district is located. The
powers of such a district include the provision of water, sewage, recreational facilities,
street lighting, collection and disposal of garbage and refuse, fire protection, and airports. S1

Many areas are developing local planning boards. In the state of New York, each city and
incorporated village is empowered to create such a planning commission, which may be asked to
report on the adoption of a map or plan by the city, inclUding drainage and sewer or water
system plans. 82

Obviously, the growth in number and power of these local planning and regulatory agencies
will impose additional responsibilities on all developers for planning and coordinating activi
ties. Increased requirements on all developers will tend to decrease the differential advantage
attributed to MIUS use.
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Zoning is the process of regulating land uses at the local level of government. However,
the power to zone is not absolute and has been limited in many ways. In some states, utility
structures are specifically exempted from all zoning ordinances, particularly if such structures
are found to be necessary for the conveni ence of the publ i c. 83 The "publ i c" in these instances
refers to the public served by the utility and not solely to the limited group benefited by the
zoning ordinance. 84

Some states provide a procedure by which a public service corporation can petition the
public service commission for an exemption from the zoning ordinance. 85 The factors to be con
sidered are convenience and necessity.86 For example, where the desire for a utility substation
was dictated by need in a particular area and the commission had authorized its construction,
the zoning ordinance could not prevent its construction. 87

Generally, zoning ordinances based solely or predominantly on aesthetics have been held
invalid. However, the trend is toward aesthetic consideration. In situations where aesthetics
are merely incidental to the other considerations of the enactment of a zoning law, it will be
upheld. 88 Aesthetics have become increasingly important in the construction of electrical
transmission lines, and, in 1965, the Federal Power Commission (FPC) held that it has the
power to deny a license in order to preserve the natural beauty of an area. 89

Zoning, as a local concern, is one more area that may affect MIUS. Zoning requirements
cannot always be predicted, but, in general, zoning requirements must be reasonable in order
to be upheld.

4.9.6.4 Federal regulatory factors

Federal Power Commission

The Federal Power Commission (FPC) regulates ,the interstate movement of natural gas and
electricity under the Natural Gas Act and the Federal Power Act respectively. The FPC also
has the authority to issue licenses to approgriate organizations to construct power plants,
where there is federal jursidiction, either because the project uses water or dams or because
it is interstate in some way or involves the public lands. However, if the site is on a reser-

" /

vation, the developer must obtain the appro1al of the secretary of the relevant department,
and, if it will affect navigable waters, the approval of the Chief of Engineers and the
Secretary of the Army must be obtained. 90

A MIUS could be at least i~irectly regulated by the FPC if the transmission of electric
energy at wholesale in interstate commerce is involved and is not subject to state regulation. 91

Utility Holding Company Act

The Securities and Exchange Commission (SEC) has broad authority under the Public Utility
Holding Company Act over "integrated" public utility holding companies and their operating
subsiTIfaries which generate, transmit, or distribute electricity or gas. According to this
act, the definition of a subsidiary company of a specified holding company is any company
owning or controlling 10% or more of the outstanding voting securities of such holding company.
Included in the definition could also be any person the SEC determines to be subject to a con
trolling influence by such holding company.92
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Other federal agencies

Some of the other federal agencies that a MIUS developer should be aware of are the
Environmental Protection Agency (EPA) and the Department of Health, Education, and Welfare (HEW).
Congress directed the administrator of the EPA to coordinate the programs of all Federal agencies
relating to noise research and control. Each federal ag2ncy sets standards which the admini
strator can ask the agency to review if they are not satisfactory. 93 The administrator is also
charged with publishing proposed regulations for products that he identifies as a major source
of noise, such as construction equipment, transportation equipment, motors or engines, and
electrical or electronic equipment. 94

The Secretary of HEW has been given the authority to publish guidelines for solid-waste
recovery, collection, separation, and disposal systems ("including systems for private use.").
These guidelines apply to all solid wastes except those resulting from the mining or processing
of mineral or fossil fuels, over which the Secretary of the Department of the Interior would
have authority. 95

In determining how it will be regulated and by whom, a MIUS must closely examine federal
and state laws, the regulations and authority of regional agencies, the regulations of all
pertinent state agencies, the municipal codes and agency rules, and the requirements of all
planning agencies. A major priority in the organization of a MIUS should probably be the deter
mination of who will be regulating the MIUS. The regulatory agencies are, in many ways, more
important to MIUS than are the courts. This is because courts, whenever possible, will defer
to the judgment of the regulatory authorities. Basically, only after the regulatory agency has
acted will a court become involved, and then usually only to the extent of reviewing the action
of the regulatory unit.

4.9.7 Summary and conclusions

Based on this survey of utility law, the effects on MIUS of legal and regulatory factors
depend to some extent on whether the MIUS is classified as public or nonpublic. Both case
law and decisions from utility commissions have established fairly clear classification guide
lines, but guidelines vary widely from state to state and may depend on the type of ownership.

A broad generalization of the tests or guidelines that determine utility classification for
each type of ownership is shown in Fig. 4.21. Basic to classification is a determination of
whether or not MIUS, or any corporation, would be engaging in "publ ic service." Thus, the type
of ownership is generally a sufficient test for municipal and publicly owned systems to be
classified as public utilities. Although a municipal system is public in nature, many state
statutes exclude municipal utilities from state regulation, but indirect control exists in state
standards for utility operation and in the powers granted municipalities by the state. Guide
lines for classification of nonpublic corporations vary among states on these two positions:
(1) that the purpose of providing utilities is sufficient for public utility classification,

/
and (2) that private ownership is sufficient for exclusion from state regulation. Between
these two positions are states that define "public service" occupations by applying various
state statutory tests to individual cases. It must be emphasized that any state, if it so
desires, may regulate any MIUS operation through interpretation of existing legislation or by
enactment of new legislation.

Examination of the various aspects of utility operations (e.g., liabilities, franchises,
taxation, regulation, etc.) in the state under consideration is necessary to determine whether
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B. STATES INCLUDED: NEW JERSEY, UTAH, IDAHO, NORTH CAROLINA, OHIO, NEW YORK, PENNSYLVANIA

C. STATES INCLUDED: TENNESSEE

Fig. 4.21. General guidelines that determine utility classification for three types of
ownership.

a MIUS would be adversely or beneficially affected by a public or nonpublic utility classifica
tion. Public utilities, and therefore a public MIUS, would be highly regulated by governmental
agencies at all levels. A MIUS classified as a nonpublic utility would avoid state public
service commission regulation, but would still be influenced by such governmental factors as
zoning, health and safety, environmental impact, and general-public-interest aspects. A MIUS,
public or nonpublic, is going to be regulated in the sense that it will likely require approval
of various governmental agencies or units to build physical facilities and to service geo
graphical areas. The public and nonpublic distinctions at times becomes hazy and perhaps even
unimportant.

A franchise is a contract between a government unit (generally a state) and a public
utility by which that public utility gains the right to function within a given area for its
designated purposes. Whether or not a MIUS would require a franchise depends almost entirely
on its classification as a public or nonpublic utility. Even if MIUS were a nonpublic utility
not requiring a franchise, the owner would have to determine if he could compete with a pre

existing franchised utility. In some situations, governmental units can grant exclusive
franchises if they are needed to best serve the public. Generally, franchises are not exclusive,
and the door is left open for a MIUS or other utility system to enter if it is in the best public
interest.
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From a duty and liability standpoint, the MIUS operator probably will not be unique. There
is nothing indicated in the body of law thus far studied that shows an unusual status for MIUS.
There is a substantial body of law on utility matters, including liability and duty aspects.
Basically, a MIUS operator will be liable if he does not perform his assumed duties in a
reasonable or adequate manner. He will also be liable for any misdeeds or negligence on his
part. This is general law, applicable to public and private utilities, and should not change
for the MIUS operator.

As stated previously, it is necessary to examine all aspects of utility regulation and
law in a given state (to include franchising, taxation, liabilities, etc.) to determine whether
MIUS would be adversely or beneficially affected by being classified public or nonpublic.
Listed in Table 4.32, however, are some conditions that could apply to MIUS as a regulated
public utility and as a nonpublic utility. The many areas in which a state could exercise con
trol over a public utility appear formidable, but several of the items exist only to protect
the public and might never be applied. A successful and well-organized MIUS would not be
expected to abandon its services, expand, join with other systems, or wait to be told to re
pair its facilities. One important factor, an authorized right to exist and compete with other
utilities, may make the public utility classification preferable. There are several conditions
that may be imposed on any entity providing utilities without regard to classification. These
inc1ude:

1. The state may tax property and/or receipts of utilities.
2. Liabilities may result from failure or inadequacy of service if caused by

willful, negligent, arbitrary, or unreasonable actions.
3. No discrimination may be made in rates or service to like customers.
4. Some states do not allow a municipality to delegate, to a corporation, its powers

to establish sewer systems.

In conclusion, it is apparent that legal constraints do not preclude a MIUS; on the other
hand, a MIUS will not receive uniform treatment by the law due to local variations of law and
procedure. To accommodate local variations, a developer will have to exercise caution in
organizing the MIUS. It appears that at least a part of the potential market for MIUS will be
eliminated, either by exclusion or by the unwillingness of a developer to assume the burden of
regulation which may be better shouldered by a conventional utility serving a large public than
by a small MIUS with limited staff. However, were the MIUS owned by conventional utilities,
municipalities, or large private concerns operating more than one MIUS system, the support staff
would be more diverse and more MIUS applications would be feasible.
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Table 4.32. Conditions that may apply to utilities
because of public or private classification

Regulated Public Utility

1. Local property taxation at
"utili ty" rate.

2. State Commission may regulate
or approve:

Rates charged to customers.
Abandonment of service or

property.
Standards for equipment

and service.
Areas to be served.
Expansion into new areas.
Joining with other systems.

3. State Commission may require:

Franchise granted by state.
Tariff and annual reports.
Additions, repairs, or

changes in physical
property.

New facilities for exten
sion of service.

Service to all within
physical or franchised
area.

A performance bond to
protect pUblic.

4. State Commission may provide:

Protection from competition.
Right to exist and compete

with private utilities.
Administrative settlement

of law suits.

Priva te Utili ty

1. Local property taxation at
residential or commercial
rate.

2. Termination of service
governed by existing
contract laws.

3. Courts generally uphold
contracts with respect to
utili ty rates.

4. No protection from
competition.

5. May need to file certifi
cate of public convenience
and necessity with state
commission to be authorized
for operation.
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4.10 PSYCHOLOGICAL AND SOCIAL INFLUENCES ON PUBLIC ACCEPTANCE OF MIUS

4.10.1 Goals and scope

The purpose of this section is to identify and analyze aspects of MIUS that could affect
its acceptance by the public because of psychological or social factors. The analysis is
based on (1) technical and physical characteristics of MIUS described in Sect. 3, (2) theo
retical work from psychology and sociology, and (3) extrapolations of research data collected
for purposes other than assessing the acceptance of MIUS. This fact poses a limitation on
the validity of the projections made here, which are valid only to the extent that the theories
and data upon which they are based can be generalized to the MIUS. (For readers with back
ground in engineering or physical science, the generality of empirical findings in social
behavioral sciences is usually quite limited. 1,2)

As an analysis of factors that might influence the acceptance of MIUS, this section
focuses on the period of time that follows immediately after the introduction of MIUS, in
cluding initial publicity campaigns and the construction of early prototypes. An analysis of
longer-term psychological and social impacts of MIUS appears in Sect. 6.7.

This analysis deals with individual attitudes toward MIUS among potential consumers,
neighbors of MIUS developments, and residents of communities where MIUS developments may be
built. Attitudes are assumed to be based on limited experience with MIUS (brief visits,
demonstrations) or on indirect information about MIUS, such as publicity or advertising. In
keeping with other sections of this report, the following discussion deals only with the
aspects of MIUS-serviced housing developments that affect acceptance of a development because
it contains a MIUS. (The discussion explicitly ignores considerations related to the effects
of a housing development per se, such as the need for new streets and shopping facilities.
Only the unique aspects of a development attributable to the presence of a MIUS are considered,
for example, the likelihood of truck traffic through a MIUS development for delivery of fuel
and removal of waste.)

4.10.2 Psychological influences

4.10.2.1 Assumptions

The main assumption of this section is that public acceptance of MIUS is determined from
individual attitudes toward MIUS. "Attitude" is defined as an individual psychological
response containing three components: (1) a cognitive component, including beliefs and
expectations about some object; (2) an emotional component, represented as a positive or
negative reaction of varying intensity; and (3) a motivational component assumed to affect
behavior. Attitudes are formed and modified by many factors. 3- 6

In the case of MIUS, individuals can be expected to form attitudes on the basis of
direct experience, information received, and previous attitu«es. Attitudes toward MIUS are
seen as consisting of beliefs about probable effects of MIUS and the desirability of each of
these effects. (Beliefs about the probability of effects may not always correspond with
actual probabilities.) A person's composite attitude toward MIUS is expected to influence
his or acceptance of MIUS. Fur potential consumers, acceptance means the actual adoption of
MIUS-served housing. For potential neighbors of MIUS developments and for residents of
communities where MIUS may be built, acceptance means at least a lack of active resistance to
MIUS. Figure 4.22 presents a schematic diagram of this hypothetical chain of events.
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Fig. 4.22. Summary of the chain of events assumed to influence individual acceptance of
MlUS-served developments.

4.10.2.2 Limitations of an analysis based on projected attitudes

The best way to assess attitudes toward MIUS is to survey the limited population of
actual users and a sample of potential users in a community where a MIUS is introduced. An
extrapolation of previously collected data can only provide tentative hypotheses which must
be empirically validated. (An attitude survey is strongly recommended in the assessment of
the social impact of the first MIUS prototype.)

4.10.2.3 Aspects of MIUS relevant to attitudes of potential MIUS consumers

The first problem in forecasting pUblic attitudes toward MIUS is to identify character
istics that distinguish MIUS from conventional utility service. These may be divided into
two categories: (1) features of the MIUS related to the location of its facilities and
processes, and (2) differences in the nature of the utility services delivered by MIUS. (See
Table 5.1 for a more detailed summary of the characteristics of MIUS.) Briefly, the differ
ences between MIUS and conventional utilities are:

1. MIUS occupies a two- to three-story building within the housing complex; conventional
utility buildings are in remote locations.

2. MIUS requires a stack and cooling tower, which will emit small amounts of smoke and vapor
during normal operation. Conventional utilities emit similar pollutants, but at remote
locations where they are less noticeable to the residents who receive the services.

3. MIUS facilities may include a pond for treated liquid waste, an incinerator, and a land
fill for the residue from the disposal of solid waste. All might be onsite, perhaps
visible to residents. Conventional systems for the treatment of solid and liquid waste
are usually in remote locations.

4. MIUS supplies power from onsite generators; conventional power generation facilities are
usually remote, although conventional systems require high-voltage transmission lines

and substations.
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With respect to differences in the services provided by MIUS and conventional utilities, the
goal of the MIUS concept is to ensure that its services are at least equivalent to those of
conventional utilities. However, it is possible that MIUS will provide either higher- or
lower-quality services. These potential differences in service may affect attitudes. Briefly,
they include differences in the reliability, adequacy, and cost of power, heating and cooling,
waste disposal, and water. (The potential indirect differences between MIUS and conventional
utilities are discussed as impacts of MIUS in Sect. 6.7.)

4.10.2.4 Relationships between attitudes of potential consumers and characteristics of MIUS

During the introduction of MIUS, attitudes of potential consumers will depend not on its
actual characteristics, but on the information they receive about MIUS. The information may
not always be objective; the possibility exists that MIUS could receive either optimistic
publicity, negative publicity, or both (see Sect. 4.10.3). Sources of information available
to an individual include: (1) reports in news media, especially television; (2) advertising
by MIUS developers and by utilities companies; (3) personal acquaintances; and (4) direct
experience, perhaps in visits to MIUS-served developments. Research on attitudes suggests
that the most influential source of information besides experience may be personal acquain
tances. s

On the basis of the information they receive, individuals form beliefs about the proba
bility of various events that may accompany a MIUS. Perceived probability of effects and
their desirability to the individual represent components of their general attitudes. For
example, MIUS may be seen as quite likely to produce power and heating and cooling at a rela
tively low cost; many individuals place a high value on inexpensive utility service. A
desirable effect with a high perceived probability contributes to a positive general attitude.
This example illustrates a model of attitudes based on the expectancy theory,? which has
proved very successful in predicting general attitudes from perceived probabilities of specific
effects. The expectancy model provides a basis for this analysis. The model assumes that
general attitudes toward an object are a function of the perceived probabilities of specific
effects (e.g., varying between 0.0 and 1.0) and the valence or desirability of the effects
(for example, varying between -3, most negative, through 0, the neutral point, to +3, most
positive). Thus, a general attitude A may be predicted by

A = f(l: P.v.) ,
ill

where Pi is the probability of the i th outcome and vi is its valence. A recent study by
Sundstrom et al. examined attitudes toward a pruposed nuclear power facility in a small
community.8 Results indicated that oublic attitudes toward the facility were predictable from
the perceived probabilities of specific effects, especially those related to safety. In using
the expectancy model to forecast aUi tudes, it is necessary to identify the effects that may
accompany MIUS and to estimate the desirability of each. Influences on attitudes other than
expected effects are considered in lat~r sections.

Effects associ ted with MIUS

To return to the problem of specifying important features of MIUS, some of the direct
effects of MIUS can be listed. These are summarized in Table 4.33.
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Table 4.33. Summary of characteristics and direct outcomes
of MIUS that might affect attitudes

Characteristic of MIUS

Physical features of MIUSa

Onsite facility

Onsite power generation

Necessity for delivery of fuel
and removal of waste from MIUS
building

Onsite liquid waste disposal

Services provided by MIUS

Heating/cooling

Power generation

Waste disposal

Management and operation of MIUS

Onsite manager

Relatively low fuel consumption

Independence from utilities

Outcome associated with MIUS

Visible buildingb

Attractiveness of building

Noise associated with building
maintenance and truck traffic

Noise audible on grounds or in
dwellings

Vibration perceptible on grounds

Stack-plume, visible or detectable
by smellb

Plume from cooling tower, visible
or detectable by smellb

Added truck tbaffic through or
near grounds

Odors (during operation or
malfunction)

bPond for storage of water

Reliability of heating/cooling
Adequacy of heating/cooling

Reliability of power supply
Adequacy of power supply
Cost of electricity

Reliability of waste disposal
Adequacy of waste disposal
Odors (during operation or
malfunction)

Potential personal influence on
managementb

Conservation of fuel

Independence from utilities

aFeatures that differentiate MIUS from conventional utilities.

b .kLl ely outcomes.

The perceived probabilities of these effects may vary, but some are quite likely, as
indicated in Table 4.33. These include independence of municipal services, a visible building,
a detectable smoke plume, detectable cooling-tower plume, a pond for cooling water and treated
liquid waste, and truck traffic for delivery of fuel. The next question is, to what extent
would these effects contribute to positive or negative attitudes? Research on the expectancy
theory suggests that the desirability of the effect is critical to the formation of an
attitude.



4-122

Consumers' perceptions of desirability of MIUS effects

A recent study of attitudes toward a proposed nuclear power plant provides some infor
mation regarding the relative desirability of various effects. 8 A survey of 350 residents
showed that events classified as hazards, including radiation, accidents, air pollution, and
water pollution, were seen as undesirable by over 90% of the sample. The perceived probability
of these undesirable events was the strongest single predictor of attitudes toward the plant;
the higher the perceived probability of these events, the more negative the attitudes. Two
other clusters of effects were also significant predictors: (1) the probability of events
classified as economic gains, such as more jobs and better pay, was directly related to
attitudes; (2) the perceived probability of events classified as social disruptions, such as
overcrowding and traffic congestion, was inversely related to attitudes. However, over two
thirds of the community showed favorable attitudes toward the proposed nuclear facility. This
positive response may have been due to the high perceived probability of economic gain and the
relatively low perceived probability of such effects as radiation and pollution. Favorable
attitudes emerged in spite of a high perceived probability of crowding. These data have two
implications for attitudes toward MIUS: (1) If individuals perceive MIUS as a source of
hazards to safety, and if such effects are seen as probable, the undesirability of these
effects may contribute to a general negative attitude toward MIUS; (2) the expectation of
economic gains apparently can exert a strong positive influence on attitudes, which may even
outweigh effects that produce discomfort, such as overcrowding. For MIUS, this suggests that
the most important effects are related to the cost of its services and the safety of its
operation.

Another study provides some perspective on the values of negative effects related to a
person's place of residence. 9 Interviews with 838 residents of Philadelphia indicated that
threats were grouped by interviewees into eight categories: (1) social stability (e.g.,
crime); (2) natural disasters (e.g., tornados); (3) lack of social contacts; (4) lack of
access to transportation; (5) crowding effects (e.g., pollution and noise); (6) inadequacy of
services; (7) lack of privacy (e.g., noise); and (8) safety (e.g., from burglary). MIUS is
potentially related to several sources of threat, especially noise, pollution, and unreliable
utilities services. These threats are not necessarily the most important ones from the
consumer's viewpoint; the data suggested that threats related to crime may have been regarded
as most important. From the perspective of a potential consumer, MIUS might, under some
circumstances, represent a source of undesirable effects. These could contribute to negative
consumer attitudes.

On the positive side, two possible effects of MIUS may prove desirable, although no data
were located to indicate their desirability relative to other effects of MIUS. The first is
independence from conventional utilities, although it is possible that many MIUS will be run
by utility companies. The obvious advantage of independence is that consumers would pay only
for the equipment necessary for services in their own residential development and not for the
financing of new installations. Independence also may imply ,that the relatively small MIUS
operator would pay higher prices for fuel. However, an independent operator might be more
reliable. Thus a clear prediction cannot be made regarding the relationship of independence
to consumer attitudes.

The second possible positive effect is the necessity for an onsite manager of MIUS and
the consequent ability of consumers to communicate directly with him or her. This allows the
potential for direct consumer influence over the operation of MIUS, which may be seen as
desirable. Again, the relative desirability of this effect is not easily predicted.
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Influence of existing consumer attitudes on their attitudes toward MIUS

Besides perceived effects, another influence on consumer attitudes stems from the con
sumers' existing attitude toward various aspects of MIUS. For example, consumers might
generalize their current attitude toward electric power companies to include MIUS. Attitudes
toward electric companies appear generally positive. For example, according to a nationwide
survey in late 1973, 46% of 1431 interviewees indicated a "very favorable" attitude toward
their electric company, whereas 41% was "fairly favorable," and only 10% was "unfavorable."IO
These data suggest that if MIUS is categorized as an electric company, attitudes are likely
to be favorable. The people who hold negative attitudes about power companies might be
suspicious of the MIUS if they think of it ~s a small power company. On the other hand,
people with negative attitudes toward their power companies are likely to choose an alter
native power source (i.e., MIUS). Thus it is not clear how previous attitudes toward power
companies might affect attitudes toward MIUS. Similarly, MIUS represents a small waste
treatment facility, but it is not clear how previous attitudes toward sewage treatment plants
might affect attitudes toward MIUS.

Conclusions regarding attitudes toward MIUS among potential consumers

A number of factors can be expected to influence consumer attitudes, including the
source(s) of information about MIUS and the content of the information. If consumers believe
MIUS is unlikely to be expensive and unlikely to produce annoying pollution or hazards to
safety, they may develop favorable attitudes toward MIUS. To the extent that they believe
MIUS is likely to be expensive, unreliable, or unsafe, their attitudes may be negative.
Evidence also indicates that utility services may be relatively unimportant in consumers'
perceptions of their residential environments. Thus the salience of MIUS may be relatively
low, which impl ies that the emotional intensity of attitudes related to MIUS may also be low.

Although attitudes among potential consumers will vary widely according to the informa
tion they receive, it is possible to construct a hypothetical profile of attitudes on the
basis of the technical and physical characteristics of MIUS. Such a profile appears in Table
4.34. This highly speculative exercise underlines the importance of reliable, inexpensive,
and adequate services; without these, the profile would indicate an unfavorable attitude
toward MIUS.

The importance of information for consumer attitudes raises the question: What kinds of
information are consumers most likely to receive? It is possible that MIUS developers will
minimize the presence of MIUS in their sales or rental programs. Or they may use it as a
major selling point by integrating it into the plan of the development and emphasizing its
benefits. News media reports on MIUS may appear, including television coverage. These
reports will probably be objective, but they can only be based on the early models of MIUS.
The performance of these early models will therefore have a disproportionately large effect
on consumer information and attitudes. (Utility companies may also disseminate information
about MIUS, as discussed in Sect. 4.10.3.2).

Effects of consumer attitudes on behavior

Recent evidence suggests that attitudes exert a pervasive influence over a wide range of
behaviors. ll However, the most critical behavior by potential consumers in behalf of MIUS is
the decision to adopt MIUS-served housing instead of equivalent conventionally serviced
housing. The first question is: How important are attitudes toward MIUS, compared with
other attitudes that affect housing choices? In other words, if the design, price, and
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Table 4.34. Hypothetical profile of attitudes
toward MIUS among potential consumers

Probable Desirability Influence Predicted

effecta of effect on attitude salience

Visible building Neutral to Neutral Low
(architecturally desirable to positive
pleasing)

Air pollution Undesirable Negative Moderate

Cooling tower plume Undesirable Negative Low

Truck traffic Undesirable Negative Moderate

Adequate service Desirable Positive High

Reliable operation Desirable Positive High

Inexpensive operation Desirable Positive High

Conservation of fuel Desirable Positive Moderate

Onsite manager Neutral to Positive Low
desirable

a This table assumes that probable effects are perceived as
probable consumers.

location of housing are roughly equivalent, what attitudes other than attitudes toward MIUS
might influence consumer choices? One recent study bears on this point. 12 In interviews
with residents of two planned communities - Columbia, Maryland, and Reston, Virginia 
residents were asked the following question: "When you were looking for a place to live,
what especially appealed to you about coming here?" Results indicated that the most frequently
mentioned feature was the town's concept (plan, idea, image, philosophy; 51% in Columbia, 35%
in Reston). Other frequently menti oned features included "ni ce type of peopl e: nei ghbors"
(18% in Columbia, 11% in Reston); nearness to work (22 and 11% respectively); and nearness to
shopping and entertainment (19 and 38% respectively). Residents in nonplanned residential
areas mentioned nearness to work and shopping, good schools, neighbors, the price of the
house, and the house itself as attractive features. In short, the philosophy behind planned
communities seemed to be a major attraction for residents, whereas residents of other areas
looked primarily for a convenient location. The variety or configuration of utility services
was not mentioned.

These data have the following implications for the acceptance of MIUS.

1. 11' attitudes toward MIUS are to have a significant positive influence on housing choice,
the advantages of MIUS must be salient to consumers. Consumers seem to take utility
services for granted when choosing a residence. One positive way for developers to draw
attention to utility services is to make MIUS a part of the community development plan.

2. If attitudes toward MIUS are to have a negative effect on its acceptance, the potential
of MIUS as a source of negative effects must be obvious to consumerS. Consumer informa
tion will probably have considerable impact on the acceptance of MIUS because of its
potential for making either positive or negative effects of MIUS known to consumers.

3. Consumers may have neutral attitudes toward MIUS because they are indifferent, ambivalent,
or uninformed. In this case, the acceptance of MIUS depends on other factors such as the
cost of housing, its location, etc.
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Attitudes toward MIUS, and the consequent acceptance of MIUS, may not be uniform among

all populations. Instead, attitudes may be favorable among some groups and unfavorable among
others. For example, people who favor MIUS could tend to be younger, and they could exhibit
the characteristics of people who rent apartments. Similarly, favorable attitudes toward MIUS

could be related to income, with higher- and lower-income populations showing different atti
tudes. The makeup of the population that favors MIUS is an empirical question, but it is
easily possible that MIUS will appeal to a particular segment of the public. (The survey of
attitudes that accompanies the prototype MIUS may provide data on this question.) (As a

consequence, MIUS could become identified with this particular population; communities where

MIUS installations are built could become physically divided, with one group housed in MIUS
developments.) Based on current data, it is not possible to predict either the extent to

which attitudes toward MIUS may differ among various segments of the public or the character
istics of favorable segments of the public.

In summary, the acceptance of MIUS by consumers may depend not only on attitudes toward

MIUS but on other factors such as the plan of the development, its location, and other features.
However, attitudes may become more important if the effects of MIUS become salient to consumers.

Attitudes toward MIUS among nonconsumers

up to this point, the discussion has focused on the acceptance of MIUS by potential

users. However, other individuals may form attitudes toward MIUS, and actions that stem from

their attitudes may exert considerable influence on the acceptance of MIUS. For example, it

is possible that potential neighbors of MIUS developments will develop unfavorable attitudes
toward MIUS and oppose its development, with the possible effect of blocking some other devel
opments or causing them to relocate. This section deals with such attitudes; the next section
considers the problem of active, organized opposition to MIUS.

The three populations most directly affected by MIUS include (1) neighbors, the people
who live, work, or own land adjacent to the potential MIUS development; (2) people in the

community where MIUS may be built; and (3) people with a financial interest in businesses that
stand to lose or gain because of MIUS, especially utility companies. Neighbors may include

different types of populations, depending on the proposed location of a MIUS-served develop
ment. In residential areas consisting mainly of single-family dwellings, the population may be
relatively wealthy and well educated. In urban areas with high conentrations of multiple
family dwellings, neighbors are likely to consist of lower- to middle-class families. MIUS
developments might be established in areas where neighbors are mainly industrial concerns and
the relevant population consists of workers. In fact, the location of a MIUS-served develop
ment is not seriously limited by technological considerations, and neighbors could conceivably
have almost any characteristics.

The critical difference between MIUS consumers and MIUS neighbors is that the consumers
receive the products of MIUS (power, waste disposal), whereas neighbors do not. In fact,
neighbors may have to endure a slight increase in air pollution and an increase in traffic

that would not accompany a development with conventional utility services. Also, neighbors of

MIUS may be able to see the stack, the cooling tower, and the water pond of the MIUS. On the
other hand, neighbors of MIUS would not experience the utility lines present in conventionally

served developments (electric power lines, sewer pipes). Depending on the population of
neighbors, these effects may be neutral or negative; it is doubtful that they would be positive.

For residents of communities where MIUS may be built, one possible undesirable effect may
be a loss of community revenue that MIUS customers would contribute if they paid for sewage

treatment or municipal garbage collection. On the other hand, MIUS would provide several
potential advantages to a community. For example, it would be unnecessary for a community to
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expand the capacity of its utility system to accommodate new residents. As a consequence, a
community might avoid the necessity of providing either pUblic or private financing for the
expansion of power companies, solid-waste collection services, and waste-treatment facilities.
Similarly, MIUS provides equity in the distribution of costs and benefits: Most of the side
effects of power generation are contained within the development that receives the services.
Also, MIUS conserves fuel, which may make more fuel available to the remainder of the community.

For people in affected businesses, MIUS may provide a powerful source of undesirable
effects in the form of lost business or limitations on expansion. Affected populations in
clude mainly the operators of waste-disposal companies, electric utilities, and companies that
manufacture, sell, install, or service air conditioners or furnaces. In large cities where
alternative markets are available, these populations may place less importance on MIUS than in
smaller towns with limited markets. On the positive side, businesses that sell furnaces or
air conditioners may obtain contracts to sell or install MIUS equipment. And there are busi
nesses that would profit from MIUS, such as companies that distribute electrical generators.

In the absence of empirical data regarding the desirability of various MIUS effects,
Table 4.35 was constructed to present hypotheses regarding the desirability of effects and the
resulting attitudes among relevant populations.

Negative attitudes toward MIUS are predicted primarily among residential neighbors and
among people with a financial interest in utility companies. Positive attitudes are predicted
for communities. The behaviors that may result from such attitudes could pose potential
limits on the acceptance of MIUS; they represent social-psychological responses, which are
discussed next.

4.10.3 Social-psychological influences on MIUS acceptance

Social-psychological responses refer here to behaviors that involve direct, interpersonal
interaction such as the formation of groups that favor or oppose MIUS and the activities of
these groups. (Social psychology is more broadly defined as the study of individual experience
and behavior in a social context, which includes a variety of responses, including attitudes. 13

Here, social-psychological refers to overt social behavior with clear origins in psychological
responses.) Of particular interest here are pressure groups that might oppose MIUS and effec
tively limit the application of MIUS technology. Such groups can include those that form
especially because of their negative attitudes toward MIUS and those that exist, who form
negative attitudes toward MIUS and mobilize their resources to oppose its application.

4.10.3.1 Formation of new groups that oppose MIUS

The mere existence of negative attitudes is not sufficient to produce a special-interest
group; according to one theorist, social action regarding some cause shared by a group also
requires leadership and knowledge of avenues for effective action. 14 Furthermore, an effec
tive pressure group needs financial support, and the emerge~ce of a group presupposes that the
affected individuals all share a common goal and an opportunity to communicate with one
another. IS Thus the formation of an effective pressure group involves the complex process
diagramed in Fig. 4.23. Results of the process include such actions as

1. Media campaigns such as television commercials, letters to editors, distribution of leaf
lets, newspaper advertisements, appearances on television and radio talk shows, and mass
mailings.

2. Political pressures such as attempts to change zoning laws, building codes, or city
ordinances.



Table 4.35. Hypothetical profile of attitudes toward MIUS among nonconsumers

Population Probable Desirability Salience Influence Resulting
effect of effect of effect on attitude attitude

Residential neighbors Air pollution Undesirable Low Slightly negative
Traffic Undesirable Moderate Negative Neutral to negative
No utility lines Desirable Low to moderate Slightly positive

Industrial or multifamily Air pollution Neutral Low Neutral
i:leighbors Traffic Neutral Low Neutral Neutral

No utility lines Desirable Low Slightly positive

Community Fuel conservation Desirable Moderate Positive
Equity in cost/ Desirable Moderate Positive ..,.
benefit Positive I

~

No need to expand Desirable High Positive N--..
utilities

Lost tax revenue Undesirable Low Slightly negative

Businesses Limited growth Undesirable Moderate Negative
(electric power Loss of potential Undesirable Moderate Negative Negative
companies, solid waste business
companies, air condi-
tioning and furnace
distributors)

(distributors of Increased Desirable Moderate Positive Positive
electrical equipment) business
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3. Lawsuits alleging various kinds of damage attributable to MIUS.
4. Economic measures such as pressures on officials in lending institutions to refuse

financing, ay'tificial shortages of materials necessary to construct MIUS, etc.

Clearly, an organized group with strong leadership and financial backing could go a long way
toward blocking a MIUS-served development. Through the dissemination of negative information
about MIUS, particularly its possible adverse effects, an opposition group could effectively
dampen consumer attitudes.
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Fig. 4.23. Summary of the process by which a group of individuals with negative attitudes
toward MIUS may effectively oppose MIUS.

Perhaps the most likely sources of such groups are residential neighbors of MIUS develop
ments or local businesses affected by MIUS. Another source of negative attitudes and opposi
tion to MIUS may be revealed by research on fluoridation. 16 In communities where referendums
were held, 60% of the people rejected fluoridation, with disproportionate opposition by low
income and elderly residents. l ? Another study showed that resistance to many different kinds
of innovation seemed to appear in a single, identifiable group.18 Thus, negative attitudes
toward MIUS may appear in a community simply because MIUS represents an innovation.

The chances of successful group opposition to MIUS appear to be effectively limited to
residents with the resources to develop and maintain strong leadership within their group.
Middle-class residents or businessmen would typically have such resources; elderly and low
income people usually would not. Thus, a MIUS development proposed near a middle-class neigh
borhood would most likely draw effective group opposition from neighbors. (A conventionally
served development may also face opposition under these conditions.) In a town where busi
nesses might be adversely affected, effective opposition may occur among businessmen.
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4.10.3.2 Opposition to MIUS by existing organizations

By far the greatest potential limitation on the public acceptance of MIUS is posed by

existing groups, especially the ut~lity companies or associations of utility companies. A
prevalent unfavorable attitude among such companies toward total-energy systems is easily

documented. For example, a series of newsletters published by Southern Services (a gas

company) condemned total-energy systems at length. 19 One obvious reason for the organization

of electric utility companies to resist MIUS is the loss in potential profit due to losses of
potential customers. However, there are two reasons why such losses may not be a problem.
First, electric companies may operate the MIUS themselves, including it in their local grid,

thereby expanding both capacity and profit. (Utility companies that manage MIUS installations

may have to introduce new departments into their organizations, which may create minimal
demands for new personnel and equipment.) Second, there is evidence that MIUS could help
electric utility companies improve their image. A recent issue of Roper Reports, based on a
nationwide sample of interviews,2o showed that "... the public sees too little competition
in ... electric power (45%) ... " Further, the domination of the electric industry by a

few companies was seen as having "rea l effects on consumers" (70%) such as higher prices,
poor-quality service, and less improvement of service. This finding suggests that electric
companies could improve their image by supporting MIUS. Conventional utility companies might

encourage (or at least accept) MIUS installations in situations where services could not be
supplied at the rate of needed development. Some developments (e.g., Columbia, Maryland) have
been delayed due to the lack of conventional sewage-treatment plants. Thus, although utility

companies may oppose MIUS, there are also strong reasons to expect them to support its appli
cation.

If utility companies do oppose MIUS, they could have a strong adverse effect on its

acceptance. These companies have the staff and resources to mount a well-organized, well
supported media campaign. In fact, mild versions of such campaigns have been waged against
total-energy systems. 19 The question of opposition among utility companies is an important

one, and it is not yet clear what to expect.

4.10.4 Summary and conclusions

With emphasis on individual attitudes toward MIUS (which include beliefs, emotional
reactions, and influences on behavior), this section analyzes the nontechnical factors that
could affect the initial acceptance of MIUS by the general public. Attitudes toward MIUS are
seen as deriving from (1) the perceived probability of various effects of MIUS, (2) the de
sirability of the effects, and (3) the salience of the effects. For potential consumers,
desirable effects may include (1) reliable, adequate, inexpensive utility services (power,
heating-cooling, and waste disposal); and (2) conservation of fuel. Possible undesirable
effects include (1) air pollution, odors, and cooling-tower emissions; (2) noise; and (3)
expensive, unreliable, or unsafe operation. Consumers' perceptions of the probabilities of

these effects are likely to depend on the information they receive, which will be strongly

affected by the operation of early MIUS installations. Favorable attitudes may bring high
rates of acceptance of MIUS among consumers. Such favorable attitudes could appear in the
general public or in specific segments of the pUblic.

Other populations do not share the benefits of MIUS but may suffer such undesirable
effects as increased truck traffic and minimal air pollution. Residential neighbors of MIUS
served developments may form mildly negative attitudes if they live in single-family dwellings.
Attitudes of neighbors in multiple-unit dwellings may be only mildly negative; neighbors in
business or industrial districts are unlikely to form unfavorable attitudes. Another affected
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population includes residents of communities where MIUS developments are constructed. Com
munities can be expected to favor MIUS because of its energy conservation and lack of require
ments for public funding. On the other hand, some businesses may lose money because of MIUS.
Electric companies are most likely to be affected, although it is possible that they could own
and operate MIUS equipment. Businesses that expect financial losses because of MIUS may
attempt organized group resistance to the construction of MIUS installations.

The possibility of organized group resistance to MIUS among businesses that consider
themselves adversely affected does pose a source of limitations on the public acceptance of
MIUS. An effective opposition group could mount a media campaign designed to produce un
favorable consumer attitudes. It is possible that such a campaign might partially succeed.
Group opposition is unlikely to occur among small businesses because of the necessity for
financing and because of strong leadership. The electric utility industry already has an
organization with the resources to carry out effective opposition to MIUS. Although it is not
now clear how the electric utilities will react to MIUS, it is clear that their reaction will
be important.
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4.11 HOME BUILDERS

The home builder plays the central role in the community development process. He is the
entrepreneur who will make key decisions concerning the use of MIUS. He puts the housing
package together, dealing with predevelopment landowners, property lawyers, title companies,
mortgage institutions, governmental officials, utilities, realtors, and, ultimately, the
housing consumer.

The residential developer operates within a business environment over which he has no
control. This environment is a tangled and constantly changing web of federal, state, and
local regulations and requirements, taxation policies and public capital investments, mortgage
and "front-end" money availability, landowner expectations, consumer expectations and likes
and dislikes, local and national economic conditions, and utility availability. One effect of

this set of circumstances is a high rate of business failures. Another result is that al
though chances must be taken, the bui 1der wants to reduce or el imi na te as many ri s ks as pos
sible. It is considered good judgment to build this year what was successful last year in
terms of housing type, location, floor plan, facade, and perhaps even color scheme. The

mortgage banker is going to feel more comfortable with and ready to commit funds for a project
very similar to a recently successful project. The housing consumer is likely to feel the
same way; he will have confidence in his housing choice because it has already been judged a
success.

This conservatism may serve the developer well in terms of avoiding bankruptcy or in
creasing profitability, but it provides a strong deterrent to new and better ways of doing
things in the housing sector. Housing options that the consumer might choose if given the
opportunity are not made available in the marketplace.

4.11.1 Land purchase and development costs

From experience (some of it bitter), lenders consider investments in housing mortgages
much safer than investments in raw land or preparation of the land to receive housing 
grading, provision of streets, utilities, recreation facilities, etc. Housing units produce
income if occupied; raw and finished land do not. Thus, money to provide these front-end
essentials may be difficult to obtain, and then only at high interest rates. In response, the
home builder and developer want to make their own resources, or alternative resources avail
able to them, go as far as possible without seeking outside financing. No matter what the
size of his business or the magnitude of his assets may be, he will have a strong preference
for land with favorable purchase terms. Generally, large-scale developers and home builders
are as concerned as smaller developers are with the financial aspects of raw-land purchase and
front-end land-preparation costS.1,2 Maisel provides a simple description of several common
purchase arrangements:

In typical situations, when homebuilders cannot afford to buy the land, they attempt
to obtain credit from the landowner. One method of financing is to purchase one
section outright, with options to purchase other sections as needed. This requires
less capital, but landowners have hiked the options prices out of the reach of many.

In another procedure, the owner retains title while the land is being developed.
He may even furnish part of the capital for improvements. As individual lots are
sold, the owner transfers title to the purchaser. Part of the income from the sale
is paid to him for his land and risk, while part goes as a return to the developer.

In still another method, the builder buys the land, but the original owner
retains a large purchase-money mortgage against the property. The lien is usually
a blanket mortgage covering all the land. When an individual lot is sold, the
mortgage holder receives his payment for the amount of land involved. To this is
added an additional sum so that the mortgage becomes an even smaller percentage of
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the value of the still unsold land. Upon receipt of payment, the mortgage holder
releases his claim and the purchaser gets a clear title. 1

Corresponding financial arrangements for land improvements via street and utilities
construction mayor may not be available because such improvements require early cash flows
with long repayment periods. However, capital requirements for utilities in medium- and high
density developments (townhouses to high-rise apartments) are only 5 to 9% of total develop
ment cost and are also about one-half the utility capital required for single-family conven
tional developments. 3

Any delays in construction schedules for utilities or streets are important since interest
expense increases, with no compensating increase in project income. For example, most local
subdivision regulations administered by zoning boards or planning commissions include minimum
codes or standards for the design and installation of utilities by the developer. Because
local agencies often do not foresee technical innovations in utility systems, existing codes
tend to exclude these innovations. The developer might be able to convince the planning
commission to grant a waiver or to amend its standards. Even if done readily, this amendment
process would involve delay. A developer with money already in the project would have to
consider that delay as a cost. If the delay is associated with uncertainty about the ultimate
effect, the developer would require a significant incentive to pursue the innovation. The
overall situation could be similar to the well-known problems of getting innovations in build
ing materials past the labyrinth of local building codes.

One underlying factor in the desire of many communities to limit growth may be the fact
that additional growth at the urban edge may require major expenditures on trunk lines or
central treatment facilities (Sect. 4.8). The reverberations on an entire system caused by
marginal growth have been well stated by Perloff and Wingo:

. the large, technically centralized service systems ... compose the truly skeletal
elements of the region. Immediately regional transportation and water-sewerage
systems come to the mind, but the quasi-public utility systems - telephone, electric
power, and natural gas distribution - tend to fit the description also. These systems
exhibit a very high degree of technology interdependence among their parts, but an
interdependence which is based on a special relationship between a set of core
facilities and a distribution net ...

Physical relationships rather than purely economic characteristics tend to
dominate the manner in which these services are provided. The supply perspective
focuses on physical capacities ... and the capacities at the core are very intimately
related to the capacities as they are arranged in the distribution net ...

Secular growth of the region generally produces a complex systemic response
in such services which generally begins with the growth of demand at the periphery
of the distribution net and which may ultimately end with costly expansions in the
core facilities ... 4

Therefore, the home builder often becomes involved in providing part or all of the first costs
for the extension of utility services to fringe areas.

4.11.2 Investment decision

Since the project size that could economically utilize a MIUS installation is considered
to be relatively large (300 to 3000 units), the total investment would also be large, and a
large, or major, home-building firm would be required to handle such a project. Table 4.36
lists selected financial data for major home builders as an example of dollar volumes asso

ciated with the large annual production of housing. The values shown were for four groups of

firms: 7 firms with sales exceeding $100 million, 13 firms with sales between $50 and $100
million, 14 firms with sales between $25 and $50 million, and 13 firms with sales less than
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$25 million. Based on totals of all 47 builders, the income from sales was about $29,600 per
unit, the cost of sales was about $23,600 per unit, and assets tied up in inventories for
units under construction were about $10,200 per unit. It is true that, for small projects
involving small capital outlays, the investment rule is generally related to the payback
period, and, generally, the quicker the better. However, firms contemplating large investment
projects involving large capital outlays over long periods of time use (almost exclusively)
the maximum net current value criteria to evaluate a project or a series of projects to de
termine those they should pursue. Another measure of the profitability of an investment is
the return on equity invested. For three of the four groups of home-building firms in Table
4.36, the return on equity invested in 1972-1973 was about l4%/year and would be used as a
guide for investments in new home-building projects.

Table 4.36. Selected financial data for forty-seven
major homebuilders

Number of firms
7 13 14 13

Average housing units in 1973 5800 2100 1700 700
Sales (10 6 do11ars)a 192.7 65.2 33.4 13.3
Cost of sales (10 6 do11ars)a 152.0 52.4 27.5 11.2
Return on equity invested (percent/year) 13.7 14.7 8.5 13.9
Units under construction assets (10 6 do11ars)a 57.6 28.5 10.3 8.6

aAverage over number of firms for 1972-1973 fiscal year.

4.11.3 Size distribution of large home builders

The Blue Book of Major Homebuilders 5 reports that the number of major home builders has
grown steadily to 650 in 1974, with an average production level of 1000 units each year. 5

Each of the smaller firms in this group expects to build 400 or more units each year, and 170
of the firms expect to build over 1000 units each year. The size distribution of these 650
home builders is shown in Fig. 4.24. These data are for total units per year only, and the
units for each builder are probably distriubted in several developments. Furthermore, the
data include single-family as well as multifamily residences. The data do illustrate, how
ever, that the capability exists in many firms to handle developments of a size sufficient for
MIUS application.

The major home builders produce a significant fraction of the nation's total housing, and
most of their construction is multifamily. The group of 650 major builders reported a total
multifamily construction of 382,000 townhouse and multifamily units in 1973, which amounted to
69% of their total housing construction. 5 The 150 largest builders produced about 335,000 of
the total housing units in 1973, which indicates that only 0.5% of all active builders ac
counted for more than 16% of the 1973 production. 6 Of this group, only 27% was in single
family detached houses, and 73% was in attached multifamily hbusing.

4.11.4 Financing

It is anticipated that in 1974 more than $11 billion in short-term construction and
development financing and $15 billion in permanent financing will be required by the major
home builders. The source of both construction and permanent financing that the major home
builders expect to use is given in Table 4.37.



4-135

ORNL-DWG 76-6256

4 6 8 10
CONSTRUCTION RATE (DU/year)

2

\
~
~ """"--

o
o

100

500

700

(f)

0:::
W
o
..J

::::>
CD
w
~
o
I

~ 300

0:::
W
CD
~
::::>
z
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Table 4.37. Primary sources of construction
and permanent financing

Source

Savings and loan associations
and mutual savings banks

Commercial banks
Mortgage banks
Insurance companies
FNMA and GNMA
Real estate investment trusts
Private sources
Suppliers or parent firms

Percent of bUilders
a

70
64
30
20
14
12

4
2

a This amount does not add to 100% because of use of
more than one source.

Also significant in terms of possible impediments to financing future housing develop
ments is the willingness of large financial institutions to commit themselves to large-scale
developments over construction periods well beyond two or three years. Current forecasts of
the housing situation in the United States into the early 1980s generally predict a great
deficiency in available mortgage money. The impending shortage is discussed in a recent House

and Home article:

Schechter ... added that bidding four funds is the key. "The competition," he
explained, "is between the housing consumer and the consumers of other goods and
servi ces who are wi 11 ing to pay more for money. "

"Unless we get away from letting funds be allocated to bidders as we have
before," Schechter sa id, "we wi 11 stay pretty much in hous i ng as we di d before."

... Hunter calculated that to support 2.3 million starts a year for five
years - and allowing for a steady 10% a year inflation in house prices - an average
of $65 billion a year in new mortgage money (or $110 billion, in all) would be
requi red. He warned that with i nfl ati on, "these fi gures cannot be attai ned. Under
conditions of credit stringency, we are not likely to achieve even a modest figure
such as $30 billion."

"The shortfall of mortgage credit coul d be as much as $40 bi 11 ion," Hunter
cautioned, "and it may not be possible to extract such an amount from the general
credit markets . . . Some borrowers are going to be forced from the market and the
housing finance agencies may be the victims - for there is little purpose in
borrowing funds which cannot be lent out at going market rates."7
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4.12 STANDARDS FOR HOUSING DEVELOPMENTS AND RELATED COMMERCIAL FACILITIES

The housing developer or home builder is not free in all cases to construct as many units
as he desires on the acreage he controls. Zoning ordinances in many areas control the density
of housing units, the height of buildings, and the open space provided. The amounts of open
space and housing densities are variable from one geographic area to another, depending on the
philosophies of various zoning ordinances.

4.12.1 Housing development standards

Since every housing development is different (some are mainly single family, others are a
mix of single and multifamily, whereas others consist of high-rise only), it is impossible to
define all the characteristics of future housing developments. Some indication of future
housing development characteristics can be developed by an appraisal of suggested standards of
the Committee on the Hygiene of Housing of the American Public Health Association. 1

The committee developed standards for the desirable and maximum density of housing units
as a function of type and height of building. Although these standards are not mandatory,
they serve as a basis for most land-use planning studies. Suggested standards for buildings
are given in Table 4.38. For comparison, data have been collected on a number of developments
built during the period of 1950 to 1960. In Table 4.39, information on project size, number
of residents, dwelling units per net acre, and building height is tabulated. 2 The majority of
the developments listed in Table 4.39 appear to meet the suggested density standards; however,
because detailed data on the number of buildings of each size are not presented, conformance
with the density standards in Table 4.38 cannot be verified.

Table 4.38. Net residential density standardsa

Dwelling units/net acre
Type of

dwelling unit Desirable Maximum

One- and two-family
I-family detached 5
I-family semidetached }

or 10
2-family detached
I-family attached (row) \

or 16
2-family semidetached

7

12

19

Multifamily
2 story
3 story
6 story
9 story

13 story

25
40
65
TI
85

aNet residential density refers to the dwelling units per
acre of land actually in use or proposed to be used for residen
tial purposes, and not including streets, alleys, and drives.
Source: Committee on the Hygiene of Housing, American Public
Health Association, Planning the Neighborhood, Public Adminis
tration Service, Chicago, Ill., 1960.



Table 4.39. Typical housing development characteristics

Name of development Gross Net Dwelling Persons Dwelling units/ Persons/ Number of Number of
acres acres un i ts net acre net acre buildings stories

Fresh Meadow, N.Y. 158 145 3,300 12,000 23 83 Over 100 2,3,13,21
Highbridge Houses, N.Y. 12.5 700 2,800 56 225 6 13
Jefferson Houses, N.Y. 17.5 1,500 5,600 85 320 18 7,13,14
Kips Bay Plaza, N.Y. 9.5 9 1,100 122 2 20
Manhattan House, N.Y. 3.5 581 166 1 20
Park West, N.Y. 21 17.5 2,495 142 7 16,19
Skyview on Hudson, tJ.Y. 20 14 1,300 93 3 20
Blumeyer Apartments, Mo. 27 888 3,800 33 140 52 2,4,10
Cochran Apartments, Mo. 21.2 18 704 2,900 39 160 12 6,7,13
Laclede Park, Mo. 5 120 24 9 2 .j»

Park Towne, Mo. 19 18.5 383 21 54 2 .:..
Plaza Square, Mo. 11.4 7.5 1,050 140 6 13 w

<0
Town Hill Manor, Mo. 6.8 44 6.5 8 2
Aldea San Miguel, Ca. 22.5 13 150 10.5 13 2,2 1/ 2
Creeks ide, Ca. 6.5 190 29 26 2
Easter Hill Village, Ca. 21.5 15 300 1,150 20 77 48 1,2
Golden Gateway, Ca. 45 16.5 2,200 5,000 135 310 8 21
Marin City, Ca. 32 21 300 1,200 14 '37 28 1,2,5
Parkmerced, Ca. 200 175 3,483 7,650 20 44 Over 100 2,3,13
Ping Vuen, Ca. 2.6 234 950 90 365 3 3 to 7
Ping Yuen Annex, Ca. 1.4 194 520 138 370 I 12
Red Rock ~l i II, Ca. 22 17 990 58 22 3 to 7
The Sequoias, Ca. 23 17 228 250 13.5 15 24 I
Western Addition, Ca. 70 33 2,200 6,750 67 200

Source: H. D. Katz, Intensity of DeveZopment and LivibiZity of MuZti-FamiZy Housing Projects, Federal Housing Administration Technical Study
TS 7.~nuary 1963.



Table 4.40. Land area of all neighborhood community facilities component uses and
aggregate area, by type of development and population of neighborhood

Type of Neighborhood Population

Development

MULTI-~~ILY DEVELOPMENT

1,000 persons
275 families

2,000 persons
550 fami lies

3,000 persons
825 families

4,000 persons 5,000 persons
1,100 families 1,375 families

(Area in component uses)
1. Acres in school site 1.20 1.20 1,50 1.80 2.20 -I'>

I
2. Acres in playground 2.75 3.25 4.00 5.00 6.00 ~

3. Acres in park 2.00 4.00 6.00
-!'>

3. 00 5.00 0

4. Acres in shopping center 0.80 1.20 2.20 2.60 3.00
5. Acres in general

commercial facilities 0.38 0.76 1.20 1.50 1.90

Aggregate area
6. Acres: total 7.13 9.41 12.90 15.90 19.10
7. Acres per 1,000 persons 7.13 4.70 4.30 3.97 3.82
8. Square feet per family 1,130 745 680 630 610

~: Committee on the Hygiene of Housing, American Public Health Association, PZanning the Neighbor
hood, Public Administration Service, Chicago, Ill., 1960.
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Table 4.38 is only concerned with housing-unit density and not with total area require
ments. The Committee on the Hygiene of Housing also made recommendations on the amount of
supporting facilities that should be supplied in housing developments. These recommendations

are listed in Tables 4.40 and 4.41. Table 4.40 gives the acreage requirements that should be
supplied for housing developments ranging in size from 1000 to 5000 persons. These standards
are basically developed to provide an environment that would be pleasing and healthful for

residents in the area. Table 4.41 indicates the amount of land in residential developments
that should be allocated for recreational areas.

Table 4.41. General 'standards for local recreational areas

Facility or area

Playground

Population Standard Site-Size Standard

1 acre/800 population 3-6 acres

Local Parks 1 acre/lOOO populationa

Recreational center 1 acre/800 population

or playfield 1 acre/800 population

2 or more acres

15-20 acres

10-30 acres

8.varies according to residential densities ranging from
2 acres per 1000 population in areas of multifamily dwellings
down to three-quarters of an acre per 1000 population in
single-family developments.

~: Committee on the Hygiene of Housing, American Public
Health Association, Planning the Neighborhood, Public Adminis
tration Service, Chicago, Ill., 1960.

Commercial space is indicated in Table 4.40; however, the standard is only on the space

to be allocated to stores and not the size or number of stores required. Whether a MIUS
served development would contain a shopping center or a large number of stores or light in
dustry will be dependent on the location of the development and the existing commercial fa
cilities. That is, if the development to be served is close to an existing shopping center
there may be no need for additional commercial buildings. Much the same argument can be made
for requirements for public buildings such as libraries, police stations, or theaters. Each
MIUS possibility must be analyzed for the amount of commercial services required.

Currently, the floor area being constructed for offices, stores, and educational and
health facilities is estimated to be about one-third of the floor area for housing. 3 Thus, if
the floor areas for developments are known, some rough estimate of supporting facilities could
be developed. However, again, this would only give the total floor area and not the number or

size of the establishments.

4.12.2 Associated commercial and public facilities

In addition to other services, the Bureau of the Census inventories business and commer

cial establishments every four years in the United States. 4 Table 4.42 presents the results
of the 1967 Census of Business (the latest census reported at this time) on a total U.S.

basis. The number of businesses that a 1000-resident complex might support are listed in the
last column, that is, one gas station, two eating places (maybe one drinking place), one or

two food markets, and various other businesses. Actually, the number of businesses that might
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Table 4.42. Number of businesses in the United States on
a total and per capita basis (1967 census of business)

Type of Business Number Per 1000
Peoplea

1. Retail Trade 1,763,324 8·9

Auto Dealers 105,500 0.5
Gas stations 216,059 1.1
Food stores 294,243 1.5
Drug stores 53,722 0.3
General Merchandise 67,307 0.3
Eating and Drinking 347,890 1.8
Apparel 110,164 0.6
Furniture, Housefurnishing 98,826 0.5
Miscellaneous 469,613 2·3

2. Selected Services 1,187,814 6.0

Hotels, Motels, etc. 87,006 0.4
Personal Services 498,935 2.5
Misc. Business Service 211,835 1.1
Auto Repair, Garages, etc. 139, 243 0·7
Misc. Repair Services 138,014 0.7
Amusement, Recreation 112,781 0.6

3· Wholesale Trades 311,464 1.6

a 1967Census estimate of 198,712,000 people.

Source: U.S. Department of Commerce, Bureau of the Census, U.S.
Census of Business~ vols. I and II, 1967.

be located in a MIUS-served development would be highly dependent on whether the housing
development is peripheral to existing housing where supporting businesses are already avail
able, or whether the development is remote enough that the development must be self-supporting,
both on a utility and a community basis.

In addition to the types of businesses listed in Table 4.42, the housing developments
served by MIUS would require schools, hospitals, and public buildings such as police stations,
courthouses, and libraries. In 1970, in the entire United States, there were 7.9 hospital
beds available for each 1000 residents, there were 171 doctors per 100,000 residents (1.71 per
1000), 58 dentists per 100,000 residents (0.58 per 1000), and 345 nurses per 100,000 (3.45 per
1000).5 These statistics indicate that a housing development would probably require more than
1000 residents to support a doctor or dentist, unless it was relatively remote from other
population centers.

Information from the U.S. Census of 1970 indicates that' in 1970, 8.4% of the U.S. popu
lation was under 5 years old, 18% between 5 and 13 years old (elementary and junior high
school age), and 7.8% was in the age range of 14 to 17 (potential high school students).5
Thus, a housing development having 1000 residents could be expected to have about 250 children
requiring some form of educational facilities. Whether or not a school would be included in
the housing development would probably be highly dependent on the location of the housing
units and the development and on the existing school system in the area.

Standards indicate that space requirements for school classrooms are generally 30 ft 2 per
pupil, with a maximum of 25 to 30 pupils per classroom. 6 Thus, for 1000 residents, about 10
classrooms might be required.
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To date, it has been possible to estimate the number of supporting facilities required,
but it has not been possible to determine the size of the associated commercial and public
facilities that might be required to support housing developments of various sizes.

4.12.3 HUD standards

Since there is a wide variation in the size of dwelling units and the number of occupants
per unit, the use of net densities is considered a rather crude method of determining land-use
characteristics. HUD has adopted a newer concept,7,S that of land-use intensity, which is
measured by the land-use intensity rating (LIR) and which considers the mass of structures and
open-space requirements. Land-use intensity is directly related to the ratio of floor area to
land area [this ratio is called the floor area ratio (FAR)]. For reference purposes, an LIR
of 1.0 represents a FAR of 0.025 (or 1089 ft2 of floor area per acre); each increase of 1.0 in
the LIR doubles the FAR. Thus, for the same dwelling unit floor size, twice the number of
dwelling units can be built per acre for each increase of 1 in the LIR. This relationship can
be seen in Table 4.43.

Table 4.43. Land-use intensity related to
floor area and density

Land-use Floor area Floor area Densitya
intensity ratio (ft2 /gross (1089 ft2 L. U.

(LIR) (FAR) acre) per gross acre)

0.0 0.0125 54!,..) 0.5
1.0 0.025 1,089 1.0

2.0 0.05 2,178 2.0

3.0 0.1 4,356 4.0

4.0 0.2 8,712 8.0

5.0 0.4 17,424 16.0

6.0 0.8 34,848 32.0

7.0 1.6 69,696 64.0

8.0 3.2 139,392 128.0

~.U. is defined as living unit, and gross acre is
the total area of the development. For different FAR's
or different floor areas per dwelling unit, these numbers
will be different (see Ref. 8).

Source: Federal Housing Administration, Minimum
Property Standards for Multi-!?OJfliZy Housing, FHA No. 2600,
Washington, D,C., February 1971, Chapt. III.

The Federal Housing Administration (FHA) determines for each proposed development the LIR
that should be a maximum if FHA financing will be applicable. This decision is based on the
characteristics of the neighborhood, growth rate in the area, economic considerations, site
characteristics, and waste-disposal aspects. Once the LIR is established, the developer can
plan his development to meet the required criteria. Basically, these criteria are illustrated
in Fig. 4.25. For example, for an LIR of 5.0 (FAR =0.4), the floor area must be no more than
40% of the land area. About 1.8 times the amount of this floor area must be reserved for
open-space areas (OSR times floor area allowed). The living space required (defined as open
space less vehicular and parking requirements) should be about 1.1 times the floor area in the
development. Also included in Fig. 4.25 are ratios for cars, recreational space, etc. A more
detailed explanation of the terms and methodology is contained in refs. 7 and 8.
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In general, there are small differences between the recommendations of the Committee on
the Hygiene of Housing and the FHA standards for housing densities. The main differences
appear to be that the FHA standards do not address themselves directly to the number of
stories in the housing, but rather to the floor area of the units and the number of units per
acre, as opposed to the committee's recommendations, which are based on building height.
However, Fig. 4.25 does give optimum-use ranges of LIR as a function of building height.
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HIGHLIGHTS OF SECTION 5

Section 5 is primarily for identification of the possible impacts of MIUS use on all sectors
and interest groups of society. The identification of impacts is based on the technical and
physical characteristics of MIUS described in Sect. 3 and the conditions of society with which
MIUS interacts, as described in Sect. 4. As a first step, the relevant characteristics of
each MIUS subsystem are listed, operational aspects are defined, and possible effects are
defined and subjected to a preliminary evaluation. Potential impacts are organized with respect
to established impact categories, and the impact order is identified for each. Impacts are
further grouped by order for the identification of affected systems.
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5. IDENTIFICATION OF IMPACTS

Almost without exception, technological developments will beneficially affect certain
groups of people and advers1y affect others. Technology assessment is a systematic study of
these effects in which technology is considered as an integral part of the total societal
framework. The purpose of this section is to develop a preliminary identification of the
potential impacts of MIUS use as a guide to the selection of impacts for further analysis.
Both positive and negative impacts to all sectors and interest groups are considered and iden
tified as primary, secondary, or higher order.

The identification and classification of potential impacts was completed in the following
steps.

1. Relevant technical and physical characteristics of MIUS subsystems and possible
effects of each characteristic were listed.

2. Major categories and areas of impacts were formulated to provide a basis for
classification.

3. Potential impacts were listed by categories, defined, and identified with
respect to impact order.

4. Potential impacts were grouped according to impact order and affected systems
identified.

5.1 IDENTIFICATION OF TECHNICAL CHARACTERISTICS OF MIUS

A preliminary evaluation of the possible effects of the distinctive technological and
physical characteristics of MIUS is essential to the development of a rational framework for
impact identification and analYsis. The descriptions of MIUS and conventional technologies and
the determination of primary effects based on systems analyses of specific models, as presented
in Sect. 3, provide the background required to list relevant technical and physical character
istics of MIUS which differ from conventional systems. Although Sect. 4 concentrates on the
nontechnical aspects of MIUS application, it also provides an overview of the societal environment
that may be affected by MIUS. Thus, information in previous sections has been the basis for the
identification of MIUS characteristics and possible effects and the preliminary evaluation
of effects shown in Table 5.1. The systems considered for the comparative study were of the
following types.

Subsystem
Electric and thermal

energy

Liquid waste

Solid waste
Potable water

MIUS
Engine-generator sets

with heat recovery
and district heating

Biological or physica1
chemical package
plants

Incineration
Groundwater source

Conventional
Central steam-electric

plants with conven
tional HVAC

Secondary biological
treatment

Sanitary landfill
Surface water source

An apparent beneficial effect of MIUS characteristics common to all subsystems is that
relatively lesser amounts of physical resources are required in the operation of MIUS. At the
same time, adverse effects related to monetary resources have been identified. The transport
of materials and services will cause some adverse effects, mainly in the form of increased
vehicular traffic, automotive air pollution, and congestion in the residential sector.



Table 5.1. Preliminary evaluation of the effects of the technical characteristics of MIUS

Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

1. Common to all subsystems

Resource utilization

Land use

Labor force participation

Construction and operation

Monetary resources

Conveyance of materials and
services

Operational
characteristics
of the subsystem

Permits developments re
mote from conventional
utilities.

Land is not required for
utility transmission.

Facilities located with
in development.

Can use factory-built,
packaged components
and subsystems.

High capital investment
balanced by fuel and
other savings over
life of the system.

Facilities located within
development.

Description of
possible
effects

Increase housing construc
tion.

May improve or complicate
Ianduse planning.

Land normally committed to
transmission is available
for other uses.

Land required may be more
expensive.

Less field labor may be re
quired in the construction
and operation of the system.

Organized labor may offer
resistance to labor-saving
devices.

Dependence of profit on life
cycle cost promotes effi
ciency and conservation.

Incentives to reduce cost
may lead to marginal instal
lations, maintenllilce, and
operation.

Private developers may avoid
use of MIUS.

Vehicular traffic occurs in
residential sector.

Beneficial

x

x

x

x

x

Adverse

x

x

x

x

x

x

U1
I

.j:>



Preliminary evaluation of
the effect}!IUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics
of the subsystem

Description of
possible
effects

Beneficial Adverse

System ownership type
Land developer

Resident community

Private corporation

More planning coordi
nation of the system re
quired.

High capital investment
that decreases as housing
density increases.

Consumers pay total cost
for services.

Consumers benefit
directly from conser
vation.

Consumers pay total cost
for services.

Can operate unattended
with remote monitoring.

Economics result from
standardization and
interconnection of mul
tiple installations.

Better planned developments
optimized for MIUS. End- X
use conservation.

Long-term commitments are X X
essential.

May limit use to large X X
developers.

Incentives for large, high- X X
density developments.

Reduce escalation of con- X
ventional costs.

MIUS-served consumers may
subsidize conventional X U1

utilities through taxes. I
U1

Reduced utility consump- X
tion.

Greater community partici- X
pation in decision-making
processes.

Reduce escalation of con- X
ventional costs.

MIUS-served consumers may
subsidize conventional X
utilities through taxes.

Skilled operating and
maintenance crew can serve X
many installations.
Reduce private cost of X
services.



fable 5.1. (continued)

Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Conventional utility

Municipality

Relationship to consumers

Locations of facilities

Operational
characteristics
of the subsystem

Connection to electric
grid would reduce in
stalled MIUS capacity
and could provide elec
tricity to the grid.

Packaged subsystems can
be added to or moved to
new communities as re
quired for growth.

Within the development.

Description of
possible
effects

Reduce capital cost of
MIUS.

Total MIUS~conventional

system optimization may
improve economics and
conservation.

Skilled operating and
maintenance crews can
serve many installations.

Total MIUS-conventional
system optimization may
improve economics and
conservation.

Possible temporary use of
some subsystems until con
ventional capacity be
comes available.

Impacts will mainly affect
the population which bene
fits from the operation.

Emissions are distributed
over large areas from many
small facilities.

Emissions, vehicular traf
fic, and system facilities
may create certain addi
tional problems within
residential sector.

Beneficial

x

x

x

x

x

x

x

Adverse

x

U1
I

0'>



Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics
of the subsystem

Description of
possible
effects

Beneficial Adverse

Control over operations
management

Consumer group

Reliability

Close relationship be
tween consumers and
operating systems.

The system will serve a
select group of con
sumers, i.e., residential
multifamily that are
relatively high-density
development areas.

Excess capacity and
multiple components
installed so relia
bility at least equals
conventional. Selec
tive load lpss.

Consumers can be identi
fied with, and will have
some control over, sys
tems providing utilities.
Concern for conservation
and the environment may
increase.

Residents need to be kept
informed about the systems,
the operations, and the
effect of their actions on
systems performance and
costs of operations.

Diversity and plant
factors of conventional
systems may be adversely
affected. Customers with
low distribution costs
which have a specific
type of load profile will
be lost to conventional
utility.

Outages do not coincide
with those of conven
tionally served neighbors.

Less chance of all elec
trical power being out.

x

x

x

x

x
U1
I......



Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics
of the subsystem

Description of
possible
effects

Beneficial Adverse

Construction time

2. Electric and thermal energy subsystem

Resource utilization

Fuel

Water

Emissions to environment

Combustion products
particualtes and odor.

Waste heat

Close relationship be
tween utility develop
ment and the rate of
housing development.

Beneficial use of waste
heat.

Uses fossil fuel.

Beneficial use of waste

Probable use of ground
water supply.

Emissions are released
from shorter stacks

Less heat rejected

Utility installation will
go hand in hand with the
development of the area.

Construction load interest
will be smaller.

Less fuel consumption.

The system will rely on
fossil fuel while conven
tional converts to
nuclear.

Reduced fuel extraction.

Reduced withdrawal for
coolant use.

Increased ratio of ground
to surface water with
drawal.

Higher ground level con
centration of air pollu
tants.

Less thermal pollution,
fogging, and icing from
cool ing towers.

x

x

x

x
X

X

X

x

X

X

U"1
I

(Xl



Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics.
of the subsystem

Description of
possible
effects

Beneficial Adverse

RadionuclidO's

Fuel losses

Conveyance of materials and
services

Fuel

Thermal energy

Electric energy

None released.

May be oil-fueled with
delivery to onsite
storage.

Smaller deliveries to
more sites.

Beneficial use of waste
heat.

Hot and chilled water
system placed under
ground, perhaps in com
mon trench with other
services.

Underground electric
energy distribution is
more feasible with
common trenching.

No radioactive material
hazards.

Losses distributed over
many small sites.

Losses from fuel handling
and storage are released
in residential sect0r.

Fraction of losses are
higher.

Increase total vehicular
traffic in residential
sector.

Less fuel to be transported.

Installation requires more
planning and coordination.

Aesthetic benefits and
increased reliability.

Installation requires more
planning and coordination.

x

x

x

x

x

x

x

x

(Jl
I

\.0



Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics
of the subsystem

Description of
possible
effects

Beneficial Adverse

Cooling system

Type

Size

3. Liquid waste subsystem

Chemicals

Water

Emissions to environment

Treated liquid waste

Chiller cooling towers
are only used during
air conditioning season
and can use treated
liquid waste as only
source of coolant.

Small size towers are
used which can be
screened with architec
tural treatment.

May use physical
chemical treatment.

Liquid waste can be
treated for cooling,
boiler makeup, fire
fighting, etc.

Treated liquid waste may
be of higher quality.

Underground injection may
be feasible with small
systems.

Engine and incinerator
excess heat released to
stack with exhaust gases.

Wet-cooling towers for
chillers need to be
located in residential
sector.

Water flow and intake
structures are small.

Require more chemicals and
produces more sludge.

Water withdrawal will
be reduced.

Reuse requires open pond
storage containing treated
waste in residential sector.

Reduce surface water
pollution.

Reduce surface water
pollution, potential
pollution of ground
water.

x

x

x

x

x

x

x

x

x

(J1

I

a



Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics
of the subsystem

Description of
possible
effects

Beneficial Adverse

Sludge

Odor

Bacteria and viruses

Conveyance of materials and
services

Treated liquid waste

Sludge

4. Solid w~te subsystem

Resource utilization

Heat content

'Requires handling of
sludge in residential
sector.

Treatment plant and
sludge handling lo
cated in residential
sector.

Treatment plant and
effluent reuse
located in residen
tial sector.

Must ultimately be dis
posed of in surface
water bodies.

Requires handling of
sludge in residential
sector.

Incineration makes heat
content of waste and
auxiliary fuel availa
ble for utilization.

Possible releases of odor
in the residential sector.

Possible releases of odor
in the residential sector.

Possible releases of bac
teria and viruses to
residents.

Potential hazards and
aesthetic impacts in resi
dential sectors through
which effluent flows.

Possible releases of odor
in the residential sector.

Decrease fuel consumption. x

x

x

x

x

x

U1
I

~



Preliminary evaluation of
the effectMIUS subsystem and

relevant characteristics

Table 5.1. (continued)

Operational
characteristics
of the subsystem

Description of
possible
effects

Beneficial Adverse

Recyclable materials

Land

Emissions to environment

Conveyance of materials and
services

Storage

Separation of metals or
other noncombustibles
is feasible with in
cineraeion.

Offsite disposal limited
to small volume of
sterile residue.

Decreased weight and
volume of solids for
land disposal.

Increased emission of
combustion products, par
ticulates, fuel losses,
and waste heat to the
atmosphere.

Less vehicular transpor
tation of solids to
final land disposal.

Additional storage
required before'and
after incineration.

Slag will be useful for
road beds and for other
filling purposes.

Low-volume operation may
not be economically
attractive.

May not be necessary to
meet sanitary landfill
requirements.

Less land is required
for disposal.

Reduced environmental
impacts from landfill.

Increased environmental
impacts on air.

Less traffic congestion.

Possible unpleasant
odors may pervade the
residential sector.

x

x

x

x

x

x

x

x

CJl
I

N
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The ownership of MIUS by a land developer or private corporation may lead to beneficial
as well as adverse effects. However, if the MIUS is owned by a conventional utility, there
seem to be no adverse effects. It is logical to postulate such a situation, since drastic
changes in the management practices of the system would not occur if a conventional utility or
municipality assumes MIUS ownership. This may, however, provide incentives for a conventional
utility to adopt better practices in the management of overall MIUS-conventional combination.
Concerning the relationship to consumers, the MIUS operations will have beneficial as well as
adverse effects.

The thermal and electrical energy subsystems of MIUS will result in reduced energy consump
tion and the associated advantages related to environmental benefits. By incorporating this
subsystem, there will be greater reliance on the use and supply of fossil fuel, whereas the
conventional systems will be converted to nuclear-based energy systems. Similarly, there are
several benefits identified that will accrue to the system in the transport of materials and
services and from the characteristics peculiar to the cooling system. However, the adverse
impacts are the added planning and coordination required by the management. Similarly, the
beneficial effects associated with the liquid-waste and solid-waste subsystems are mainly in
the form of resource savings. The adverse effects seem to reflect the fact that all the dis
advantages are borne by the MIUS community, but this would be beneficial to the conventionally
served population.

5.2 IDENTIFICATION OF IMPACT CATEGORIES AND AREAS OF IMPACT

To develop a comprehensive checklist of potential impacts, it is necessary to develop a
classification system tailored to the technology under consideration and the scope of the assess
ment. Using commonly accepted classifications as a guide (e.g., ref. 15), the following major
impact categories were selected to provide a framework for impact identification: (1) economics,
(2) demography, (3) institutional, (4) societal, (5) social values, (6) environment, and

(7) resources.

Table 5.2 lists the major impact categories along with the areas of impact* identified
under each of these categories. The size of the areas of impact identified depend on the
nature and significance of the problem selected for technology assessment. Developing a
hierarchy of factors under each category of the assessment is an essential and important step
in the assessment procedure. 1- 3 Some studies on impact assessment have advocated the identifi
cation of the source of impacts, magnitude of the impacts, and the conversion or valuation of
these impacts in terms of a common measure of value. 4 - 9

The primary emphasis in this chapter is on the identification, description, and preliminary
qualitative evaluation of selective impacts associated with MIUS technology. The primary
purpose of the use of major categories and impact areas, listed in Table 5.2, and the following
preliminary identification and classification of impacts is to provide a checklist to display
potential impacts which should be considered for further analysis and to prevent omission of a
major issue. Many impacts and impact areas could be classified in more than one category, but,
for the purposes of this section, precision of classification is relatively unimportant.

This assessment is concerned with the consequences of substitution and therefore considers
only relative, or differential, impacts on one technology (MIUS) with respect to the other

*Impact categories and areas may be defined as those characteristics or conditions of society
that will be affected by application of the subject technology.
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Table 5.2. Major categories and areas of impacts for assessment

Categories

Economics

Demography

Institutional

Societal

Social Values

Environment

Resources

Areas of impacts

Household income
Production of goods and services
Employment
Prices of commodities and services
Manpower supply
Regional growth

Interregional migration
Regional population distribution
Rural/urban development
Labor force distribution
Location of business and industry
Population density

Political institutions
Legal institutions
Labor institutions
Financial institutions
Religious institutions

Health
Education
Transportation
Safety
Crime and social unrest
Leisure/recreation
Social opportunity (class relations,
poverty)

National security

Personal values
Family values
Community values
National goals

Air
Water
Land
Aesthetics
Tranquility (noise)
Weather

Fuel and energy:resources
Non-fuel resources
Water
Land

(conventional utility systems). Any particular impact that is identical for any two tech
nologies, subsystems, or models being compared, is considered a zero relative impact.

A basic assumption of this assessment is that the residential-commercial developments of
various sizes, building mix, and location (e.g., the consumer models) will be constructed to
meet the needs of the future market, regardless of the manner in which the utility services are
supplied. Identification and analysis of impacts are generally based on the condition that
the technologies under comparison provide equal services to equal consumer models; the vari
ability of consumers and the state of society with the type of technology used is therefore
not taken into account.

The effects on the consumer model due to the use of MIUS and the efficient utilization of
each specific installation will be considered separately as being of higher-order, long-term
effects. Examples of these effects could include:

1. Redistribution of population, commerce, and industry that will become possible
with independence from conventional utility systems.
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2. Changes in development size, density, layout, and building mix to optimize
MIUS economics.

3. Use of resource-conserving fixtures and appliances because of increased developer
interest in utility cost reduction.

4. Changes in the desired life-style and associated personal values due to successful
and well-accepted demonstrations of MIUS.

5.3 IDENTIFICATION OF IMPACTS BY ORDER

In this section, potentially affected aspects of society will be further defined, organized
with respect to the major impact categories, and classified as first, second, and higher order.
First-order, or primary, impacts refer to the ones that are a direct consequence of and are
intended as the primary goal, purpose, or benefit of the proposed technology. Second- and
higher-order impacts refer to the impacts that are unintended, indirect, or delayed. The
higher-order impacts may, at certain times, be highly undesirable and can often be prevented

10-16
by proper planning and control.

The impact order does not, however, correspond with the importance or significance of the
impact. For example, reduced fuel consumption from the use of MIUS may be properly defined
as a first-order impact. A second-order impact, as a consequence of the reduced fuel consump
tion, will appear in the form of reduced air, water, and land pollution. The higher-order
impacts, which can be traced from the first- and second-order impacts, may occur as higher
productivity and improved health.

The impact order for selected impact areas from Table 5.2 has been identified in Table 5.3.
Throughout this assessment, the direct and immediate effects or consequences of MIUS

application have been considered first-order (or primary) impacts. Primary impacts include
private-cost elements of MIUS ownership and operation (capital and operating and maintenance),
energy consumption, the quantity of land and water used, and the type and quantity of emissions
to the environment. Such effects could have been considered as operating characteristics that
define the technology under assessment, but the terminology is relatively unimportant. It is
very important, however, to properly identify and evaluate primary impacts, since second- and
higher-order impacts are generally the effects that follow primary impacts.

Effects judged to be unintended, indirect, or delayed were classified as second- or
higher-order impacts in Table 5.3. Delayed effects were considered to be those that would be
insignificant until a large number of MIUS installations were in operation. In some cases, the
classification by order was influenced by the scope and assumptions of this assessment.

As an example, this assessment primarily focuses on the consequences of widespread MIUS
use, service to developments that would be built to meet market demands (with or without MIUS),
and total cost-to-the-country considerations. Many of the impact areas in the economics and
institutional categories may be direct, adverse, and crucial in the early stages of MIUS
implementation and commercialization; but, under the condition of widespread MIUS use, such
effects would be considered as secondary or higher order. Since the makeup, location, and
requirements of consumers have generally been assumed to be unaffected by MIUS, most effects
in the demography, societal, and social categories are secondary or higher order.
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Table 5.3. Identification of potential MIUS impacts by category and order

Impact order

Impact category

Economics

Definition First
Order

Second
order

Higher
order

Private costs

Cash flow

Tax structure

Factor prices

Balance of payments

Conventional utility costs

Productivity

Demography

Redistribution of popula
tion, commerce, and
industry

Development makeup

Institutional

Conventional utilities

Operations

service demand

Growth and expansion

MIUS owner-operator

Planning responsi
bility

Operations

Measurable costs which influence the
market price of utility service and
the owners cash flow.

Payment schedule for operating and
capital expenses.

Capital investment and return.

Property tax classification.

Subsidy of utility systems through taxes.

Price of labor, capital, and
physical resources (normally
affected by supply and demand).

Regional as well as national
balance of impacts and exports.

Changes in conventional load curve,
plant factor, and consumer demogra-
phy which affect private cost.

The output of utility services per
unit of input.

The long-term effects on distribution
due to MIUS independence from conven
tional services.

Changes in development size, density,
and layout due to MIUS cost
incentives.

Effect on total system optimization
by possible utility firm ownership.

The acceptance and impact of a con
ventional firm supplying all utili
ties when owning MIUS (i,e., an
electric company operating liquid
waste treatment).

Effect on conventional system de
mand from loss of some residential
consumers to MIUS.

Effect of MIUS use on projected
growth of conventional systems.

Coordination of construction and
administrative load to secure MIUS
approvals.

Administration for MIUS operation
and customer service.

x

x

x

x
X

X

X

X

X

X

X

X

X

X

X

X

X
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Table 5.3. (continued)

Impact Order

Impact category

Land developer using MIUS

Availability of
utilities

Zoning

Transfer of
ownership

Maintenance of roads

Regulatory agencies

Organized labor

Legal factors

Classification

Franchises

Liabilities

Societal

Security, health, and
safety

Identity

Definition

Effect of MIUS being installed
at the rate of development.

The effect of MIUS on zoning
classification for the development
and MIUS facilities.

Complications in sale of develop
ment to allow for continued
operation of MIUS.

Ownership and maintenance of de
velopment roads which MIUS lines
cross; i.e., developer versus
local government.

Administrative load, policy changes,
and increased budget due to authori
zation and inspection of numerous
small systems.

Attitude toward factory assembled
MIUS subsystems with operation and
maintenance of mixed systems per
formed by one labor group.

Attitude towards automated operation.

The effects of MIUS classification
with respect to public vs private and
regulated vs nonregulated.

Challenges and possible changes to
conventional utility franchise agree
ments.

The effect of possible liabilities
from MIUS shutdown or misoperation
and of precedents set by decisions
and judgements.

Effects of system characteristics,
operation, and possible malfunction
and/or shutdown on security, health/
safety.

Effects of psychological identifica
tion of residents with asp~cts of their
housing and immediate environment
("territorial orientation").

First
order

x

x

Second
order

x

x

x

x

x

x

Higher
order

x

x

x

x

Social values

Privacy

Attitudes

(See "Development makeup" on previous page.)

Direct effects of MIUS characteristics on
attitudes toward MIUS installations;
indirect effects of MIUS on attitudes
toward other objects, facilities, or
social issues.

x

x
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Table 5.3. (continued)

Impact order

Impact category

Behavioral effects

Environmental

Water (Surface and ground)

QUdlity

Physical features

Air

Quality

Climate

Land

Contamination

Physical features

Aesthetics

Resources

Fuel

Land

Water

Definition

Overt behavior towards MIUS and the
development which includes effects on
occupancy rate, vandalism, maintenance
of dwellings, and common facilities,
utility consumption, transmission of
rumors, and organization of consumers
to deal with utility service problems.

Water composition with respect to
chemical, radionuclide, solids,
bacteria, virus, organic, etc., pollu
tants.

The effects of added barriers, corri
dors, and reservoirs and alterations of
contours, channels, and drainage.

Level of long- and short-term contami
nation from chemical, radionucliie and
particulate pollutants.

Micro- and macro-climatic effects such
as temperature, fogging, icing, visi
bility and wind direction, speed and
turbulence.

Effects of surface deposition, burial
and seepage of radionuclides, particu
lates, chemicals, sewage and solid
waste.

The effects of alterations of vegeta
tion, barriers, corridors, contours,
drainage, and erosion.

Effects on the beauty and pleasing
qualities of residential areas and
the environment including scenic views,
wilderness, and open areas, parks,
landscape, and unique physical or
historical features.

Effect on quantity and type of fuel
use.

Land area committed.

Type and location of land used.

Effect on land use planning.

Water withdrawal.

Water consumption.

Ground and surface water levels.

Thermal discharge effects.

First
order

x

x

x

x

x

x
X

Second
order

X

X

X

X

Higher
order

X

X

X

X

X
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5.4 IDENTIFICATION OF AFFECTED SYSTEMS

An identification and description of the impact categories, areas of impact, and the
classification by order is essential for developing a rational framework for technology assess
ment. An equally important task is to identify the systems that are being affected by this
technology, either beneficially or adversely. The following rudimentary identification of the
affected systems is given to provide a better understanding of the interest groups who may
bear the cost and who may enjoy the benefits from MIUS technology. Further analysis can
encompass problems dealing with the equity, welfare, and compensation associated with MIUS
technology.

For impact identification, the following major interest groups were selected.
1. MIUS tenant
2. Neighbors
3. National population
4. Land developer
5. Local government
6. State government
7. Federal government
8. Conventional utilities
9. MIUS owner

10. Organized labor
11. Regulatory agency
12. Biota

The impacts affecting each system are discussed, by impact order, in the following sections.

5.4.1 First-order impacts and affected systems

First-order impacts, as defined earlier, are the direct impacts resulting from the implemen
tation of MIUS technology (construction and operation). The various systems affected by
selected first-order impacts are shown in Table 5.4. From this table, it is apparent that the
systems affected by a large number of first-order impacts are the MIUS tenant, neighbors, land
developer, MIUS owner, and ecological system. This analysis does not pertain to the benefits
and costs received or incurred by these systems; but this illustration of impacts and affected
systems will provide a sound basis for the identification of relative importance and a rational
basis for further analysis of these impacts, if the technology is implemented on a wide scale
or on a commercial basis in the next few decades.

For the few selected impacts, the interest groups that are the least affected are the
local government, federal government, and organized labor.

5.4.2 Second-order impacts and affected systems

The second-order impacts are the indirect impacts arlslng from the installation and opera
tion of MIUS. Table 5.5 shows the systems affected by this impact order.

On the basis of the selected impacts, the illustration in Table 5.5 shows that the systems
most affected by the second-order impacts are the MIUS tenant, land developer, ecological
system, neighboring population, conventional utility, and regulatory agencies. The least
affected systems, for the selected few impacts shown here, are the national population, MIUS
owners, local government, organized labor, state government, and the federal government.
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Table 5.4. Selected first-order impacts and the affected systems

Affected systems

Impact ..-l
category +J «j
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Economics

Private costs X X X

Institutional

Planning responsibility X X

Availability of X X X
utilities

Societal

Security, health, and X X X X X X
safety

Environmental

(Water) Quality X X X X X

(Air) Quality X X X X X X

(Land) Contamij:lation X X X X X

Resources

Fuel X X X X

Land (area) X X X X

Water (withdrawal X X X

5.4.3 Higher-order impacts and affected systems

The higher-or~er impacts are the long-term or delayed impacts resulting from the construc
tion and operation of MIUS. The higher-order impacts affecting the various systems are shown
in Table 5.6.

From the list of selected few
order impacts are the conventional
MIUS owner, and local government.
impacts.
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Table 5.5. Second-order impacts and the affected systems

Affected systems

Impact .-1

category '-' 0:1
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Economics

Cash flo.' X X

Tax structure (property) X X X X

Institutional

Operations X X X

Zoning X X X X

Organized labor X X X X

Classification X X X X X

Franchises X X X X

Societal

Identity X X X

Social values

Attitudes X X X

Environmental

(Air) Climate X X X X X X

Aesthetics X X X

Resources

Water (Thermal discharge) X X X X
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Table 5.6. Higher-order impacts and affected systems

Affected systems

Impact .-<
category .j.J Cl!
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Economics
Tax structure (subsidy) X X X X X
Factor prices X X X X
Balance of payments X X
Conventional utility costs X X X
Productivity X X

Demographv
Redistribution of popu- X X X X X X
lation, commerce,
industry

Development makeup X X X X X

Institutional
Conventional utilities

Operations X X
Service demand X X
Growth and X X X X

expansion

Land developer using
MIUS

Transfer of X X X
ownership
Maintenance of X X X X X

roads

Regulatory X X X X X

Legal factors
Liabilities X X X

Social values

Privacy X X
Behavioral effects X X X X X

Environmental

(Water) Physical X X X X X X
features
(Land) Physical X X X X X
features

Resources

Land (Type and Location) X X X X
Land (Use planning) X X X X
Water (Levels) X X X X X
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HIGHLIGHTS OF SECTION 6

In Sect. 6 (Impact Analysis), the technologies described and analyzed in Sect. 3 and the
projected state of society discussed in Sect. 4 are used to assess the impacts of utilizing
MIUS. Emphasis is placed on differences in the impacts of MIUS relative to the impacts that
would be experienced in its absence. The following highlights are provided as a brief descrip
tion of the contents of this section.

Section 6.1 (Economic Impact on Productivity and Economic Efficiency) contains a formal
economic analysis to determine the optimum combination of two production activities (such as
MIUS and conventional utilities) that produce the same commodity (utility services). Two
approaches are discussed to determine the optimum point of operation on the production possi
bilities frontier, or transformation function, which satisfies the first and second criterion
of Pareto optimality. Marginal social cost functions are determined for MIUS and conventional
utility systems from the private-cost studies in Sect. 3.9. The form of these functions
corresponds to a published transformation function that was used with simulated, marginal
social cost ratios to find the utilities combination that maximizes the magnitude and social
value of production with a fixed input of resources. It is concluded that utilization of MIUS
to serve some new housing units would increase the total social value of services produced.

Section 6.2 (Economic Comparisons of Fixed and Growing Systems) considers the choice that
potential MIUS owners and society must face:

1. To install MIUS at the current marginal cost of new installations for which annualized
(constant dollar) costs remain constant over the life of the system, or

2. To purchase conventional utility services at prices based on the average cost of all
components of a large system that will increase with time as new capacity is added at
escalated marginal cost.

A hypothetical example that considers only capital costs of the two options is analyzed by
varying interest and inflation rates with an assumed 7%/year rate of conventional capacity
growth. Based on the current worth of future payments, the fixed system (MIUS) realizes a net
savings in 30 years, if inflation is above 4-1/4% at an interest rate of 8%/year.

Section 6.3 (Evaluation of Air Quality from Hourly Load and Weather Data) extends the
resulting hourly emissions from model studies in Sect. 3.9 to the determination of pollutant
concentrations by coupling time-dependent emission rates to time-dependent atmospheric dis
persion characteristics. Impacts on air quality from the use of gas- and oil-fueled MIUS are
compared with those from several conventional utility systems serving garden-apartment develop
ments in five climates. Asingle 720-unit complex and multiples of the same complex are
considered.

The conventional models encompass various combinations of onsite, natural-gas-fueled
service and the projected mix of new, large coal- and nuclear-fueled plants that provide
conventional electricity. The impact on air quality from a MIUS compares unfavorably with the
most efficient conventional model (Model C), but compares more favorably with other conven
tional models. All models (MIUS and conventional) are estimated to produce pollutant concen
trations that are, at most, a few percent of those permitted by Federal Air Quality Standards.
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The type and characteristics of currently available emission-control devices that could be
used to reduce MIUS emissions are then discussed.

Section 6.4 (Impact of MIUS Emissions on AirQuali~ at Selected Urban and Rural Locations)
analyzes the cumulative effect of superimposing MIUS emissions on the current (1968-1970)
ambient-air-quality levels of several selected urban and rural areas. MIUS effects that add
to the existing baseline conditions of each location include annual average concentration
profiles (from Sect. 6.3) and inversion-condition maximum concentrations, each based on MIUS
service to consumers in a Philadelphia climate. Pollutants are considered individually, with
concentrations compared to Federal Air Quality Standards before and after the MIUS contribu
tion. With gas fuel, the only MIUS pollutant having a significant impact on urban and rural
air quality is NOx' with maximum annual average concentrations of about 10 to 20% of the
Federal Air Quality Standard. With distillate~oil fuel, the maximum annual average S02
concentration is about 5% of the Federal Air Quality Standard. The community air-quality
impact of particulates, hydrocarbons, carbon monoxide, and sulfur oxides (with natural-gas
fuel) is low enough «1%) to be considered negligible.

Section 6.5 (Index of Environmental Impacts) presents a set of environmental indices used
to quantify the environmental impacts of utility systems. The use of the indices allows
comparison of various MIUS arrangements with a variety of conventional utility systems at a
spectrum of locations. Basically, the technique consists of combining two factors: relative
concern and damage potential. Relative concern reflects the degree of concern the public
might have regarding environmental effects, whereas damage potential quantifies the effects
based on the magnitude and quality of discharges from the sources. Examples of applying this
technique to MIUS and conventional utility installations for a spectrum of locations are
given.

Section 6.6 (Institutional Impacts) presents brief discussions of the effects of MIUS on
"institutions," a generic word used to encompass home builders, utilities, financiers, govern
ment at 'all levels, environmental and conservational organizations, and labor unions and
professional workers.

Section 6.7 (Projected Psychological and Social Effects) pertains to the effect of MIUS
on consumer attitudes (individual reactions) and social actions (interpersonal behaviors). As
might be expected, much depends on the system operating smoothly (being unobtrusive), satis
fying the personal goals of residents, and the entire development having a pleasing overall
appearance. Some examples of predicted behavior are included.

Section 6.8 (Impact of MIUS on Fossil-Fuel Resources) gives an analysis of the impact of
MIUS utilization on gas, oil, and coal supplies relative to that of the conventional utilities
replaced. The MIUS conserves a substantial amount of fuel energy relative to conventional
utilities. However, a gas- or oil-fueled MIUS uses more of these resources than the conven
tional utility because MIUS replaces conventional electrical generation from a mix of coal and
nuclear fuels. Development of a coal-fueled MIUS would alleviate this unfavorable factor.
Although MIUS would then use more coal than the conventional utility, coal is not as critical
a resource as gas or oil.

Section 6.9 (Impact of MIUS on Conventional Electric Utilities) pertains to the effect of
MIUS on the load patterns of conventional utilities. The hypothesis considered is that the
portion of the total electrical market that MIUS could €conomica1ly serve represents a narrow
sector of society - residential multifamily developments with some associated commercial
facilities. Removal of these select consumers from a conventional grid could lower the
diversity and load factor of the grid and result in higher costs to conventional customers.
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Results show that the utilization of MIUS would adversely affect conventional utility di
versity, but the change in the system yearly load factor would be negligible.

Section 6.10 (Impact of MIUS on Water Use) compares the amount of water withdrawn by MIUS
with that by conventional utilities. (Withdrawn water is water that has been removed from
natural sources for use and which mayor may not be available for other uses.) The comparison
shows that the MIUS approach, because it envisions partial use of wastewater effluents, leads
to less withdrawal of the nation's water than does a conventional electrical system. The
consumption of water is also compared and found to be about the same. Whereas the use of
groundwater is the most logical choice for a MIUS, the use of surface water will not result in
a significant impact on the overall national water supply.

Section 6.11 (Total Land-Use Impact of MIUS) analyzes the use of land for utility plants,
transmission lines, and solid-waste disposal for both MIUS and conventional utilities. Re
sults show that the use of MIUS, to the extent of the projected market, could decrease the
quantity of land area committed to utility services. However, because of the high degree of
uncertainty in assumptions and the relatively small diference between land areas needed, we
could only conclude that there would be essentially no relative impact on land use.

Section 6.12 (Impact of MIUS on Demography and Residential Characteristics) presents
the tentative conclusion that MIUS will not significantly affect demographic patterns or
residential characteristcs.

Section 6.13 (Impact of MIUS on National Goals and Policies) assesses the compatibility
of MIUS use with respect to relevant aspects of national goals and policies (described in
Sect. 4.1) and their implementaton strategies (described in Sect. 4.2).

Section 6.14 (Summary) provides displays to assist in assessing primary and higher-order
impacts and summarizes the impacts resulting from the application of MIUS.
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6. IMPACT ANALYSIS

This section describes and, where practical, quantifies the influences and impacts on
society from the application of MIUS instead of conventional utility systems. This analysis
is an extension and an integration of previous sections, and the ground rules for comparisons,
assumptions, projections, results, and conclusions reported therein represent the basic foun
dation upon which impact analysis builds. Section 3 was an extensive description of charac
teristics of the techniques under comparison, MIUS and conventional utility systems, which
concluded with the determination of selected primary impacts of MIUS, including relative
private cost, fuel-energy consumption, and annual emissions to the atmosphere. These very
important direct effects are not reproduced in this section but are used extensively to estab
lish resulting higher-order consequences.

The state of society projected in Sect. 4 represents the social framework that influences
the application of MIUS and will be affected by its consequences. The market study and certain
other projected aspects of society, when considered in the light of the primary character
istics of MIUS technology, lead to some practical constraints on the extent of MIUS utiliza
tion. Others influence the judgment as to how this new technology will interact with society
and make its influence felt.

The comprehensive nature of this assessment requires that all categories of impacts on
all characteristics of society be considered. The wide diversity of types and levels of
impacts identified precludes the possibility of developing a common unit of measure for all
impacts that would allow direct comparisons and summations to indicate total effects. The
analyses of impacts must range from qualitative and subjective discussions to those easily
measured in direct costs. Between the two extremes, however, are impacts that can be con
sidered as a group and quantified with a common unit of measure that is directly comparable
and additive. Thus, we have used several methods of impact analysis with varying levels of
measurement in order to group as many impacts as possible into sets having a common basis of
comparison.

Although the methods to be described in this section differ with respect to impact
grouping and units of measure, they have one common underlying theme: to account for ex

ternalities that contribute to true, total social costs of the application of technology using
some unit of measure that shows the overall effect of the many possible positive and negative
trade-offs encountered in "real-life" decisions.

The analyses of impacts were generally approached from the viewpoint of society, that is,
to develop and project the likely consequences of MIUS applications that should be factored
into the decision of how to meet increasing demands for new utility services while maximizing
pUblic benefit. Evaluation is generally based on the upper limit of impacts by comparing MIUS
with large, new conventional facilities having environmental protection features and by assum
ing tbat MIUS could serve its maximum potential market. Thus, we did not consider it neces
sary to project the rate at which MIUS could penetrate the market or to speculate on the
growth patterns of single or multiple cooperative MIUS-served developments. Some impacts vary
considerably depending on whether one considers only local effects of one or a few MIUS in

stallations or the cumulative effects of MIUS and the essentially unchanged conventional
utilities located nearby. When applicable, both situations were considered. The final part
of this section summarizes the major estimated consequences of MIUS, develops cause and effect
relationships, and establishes the proper perspective for MIUS impacts.
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6.1 ECONOMIC IMPACT ON PRODUCTIVITY AND ECONOMIC EFFICIENCY

6.1.1 Externalities related to total social cost

The production of energy and the disposal of solid and liquid wastes in every known form
involve side effects of various magntiudes with various consequences. These side effects,
both direct and indirect, tangible and intangible, and negative and positive (externalities),
arise because of the peculiar nature of some of the world's resources. Two of the most im
portant of these resources are air and water. To almost any individual or institution, air
and some bodies of water are considered to be "free," in the sense that there is no direct
charge for air and no direct charge for most of the water used. Air is typically free because
there is no supply and demand relationship that sets an equilibrium market price and quantity.
The common result of the existence of a free commodity is that society tends to use too much
of it. As an example, air is used by polluting it with wastes such as heat, chemicals, par
ticulates, and radionuclides. Activities that use air in this manner create external dis
economies not generally reflected in the market price of output. Yet, someone pays this cost,
namely, those whose lives and property are affected by the emissions that reduce air and water
quality. Simply stated, private cost is less than social cost.

Assume, for the moment, that the output of a fossil-fueled electric-generating plant is a
kilowatt amount of electrical energy that sells for $A/year. (References to only electrical
and thermal-energy generation subsystems throughout most of this section are to simplify the
discussion.) In the process of generating energy, the plant also produces X measures of
chemical pollutant, Y measures of waste-heat pollutant, and Z measures of particulate pol
lutant. This means that the total social cost of producing a kilowatt amount is not $A/year
but $A/year plus (X + Y + Z)/year contributed to the air and water.

It is common knowledge that the production of energy by conventional methods involves a
large divergence between private cost ($A) and social cost ($A + X + Y + Z). The internal
combustion engine, fossil-fueled power and heating plants, and nuclear power plants all con
tribute to this divergence between private and social costs.

In many respects, the energy crisis of recent years is, in part, explainable in that the
price of energy does not reflect all the costs of production. This phenomenon of external
ities has produced a number of serious consequences. Since these externalities are not
internalized (i.e., included in the price of energy), the utilization of energy is greater
than it would be if the price of energy reflected the full social costs of production.

The failure to capture all the costs in the market price of energy has contributed to the
retardation of national progress in (1) the search for new and cleaner sources of energy; (2)
the effort to find cleaner methods of moving people and goods; and (3) the effort to control
pollution. This failure has also hastened the deterioration of inner cities by making escape
relatively inexpensive.

A technological breakthrough in the production of energy and, in particular, a break
through that leads to large-scale substitution of clean energy for conventionally produced
energy, would produce substantial social benefits. One such candidate is MIUS, which offers a
significant improvement in fuel utilization. The basic requirement for the application of
this technology is its ability to compete on a cost basis with other sources of energy. Quite
clearly, the cost referred to above is not the market price (cost) of energy generally used in
such comparisons, but is the social cost of production that includes all externalities (pos
itive and negative) involved.

It is believed that total social cost is the proper basis for decisions when assessing a
new technology, such as MIUS, and that society is generally in agreement. Society is con-



6-7

cerned about pollution of the environment; this concern is demonstrated by the acceptance of
additional costs for pollution control, such as for automobiles and electric-generating
plants, and by the existence and activities of various governmental organizations, such as the
President's Council on Environmental Quality, the Office of Technology Assessment, the Envi
ronmental Protection Agency, and many state and municipal regulatory agencies.

6.1.2 Framework of analysis: general theoretical considerations

6.1.2.1 First productivity criterion

The first productivity criterion concentrates on the measurable aspects of the theory of
Pareto optimality, that is, on the measurable output of goods and services instead of on the
unmeasurable concept of utility (or welfare). We may state the rule of productive efficiency
in the proposition that if an economy is producing as much of every good and service as is
technically possible, given a fixed output of all other goods and services and input of
resources, then the first productivity criterion is satisfied. Consider the problem of com
paring the economic efficiency of conventional utilities with that of a combination of MIUS
and conventional utilities, both cases producing equal total services. MIUS and conventional
utility systems represent two competing technologies that are substitutable and produce the
same marketable commodity, although with different inputs and externalities. Formally, this
problem may be specified with reference to a transformation function or a production possi
bilities frontier. In Fig. 6.1, technology embodied in conventional utilities and in MIUS is
given by the transformation function TT'. With the input of resources and the output of other
goods and services held constant, the curve TT' represents the total utility services produced
(as housing units served) as the technology utilized varies from all MIUS at point T, through
varying combinations of MIUS and conventional, to all conventional at point T'. Total pro
duction at any point is the sum of MIUS production on the ordinate and conventional production
on the abscissa. Any point on the function TT' meets our requirement of productive effi
ciency; that is, the largest number of units are served by a combination of MIUS and conven
tional technology with a fixed output of other goods and services and resources available to
society. Points A, D, B, and C, for example, are possible points that meet this criterion.
Of course, other positions on the function TT' are equally technically feasible and therefore
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satisfy this productive efficiency criterion. Any point inside the function TT', such as
point Z, is technically feasible but does not meet our criterion of productive efficiency and
therefore should be avoided. Such a point represents an inefficient use of resources, because
it is technically possible to operate on the frontier (TT') and obtain more production with

the same use of resources. The point specified by Y is simply not attainable with our current
endowment of resources, technology, and output of other goods and services. Of course, as the
society's capital stock, labor force, and technical capacity increases, the function TT'
shifts outward.

Our analysis so far cannot distinguish among points A, B, C, and 0 as being "best." It
is clear, however, that A, B, C, and 0 are to be preferred to point Z since all of the former
provide a greater output of services. The community is therefore better off, since we receive
more for our technical and resource endowment. Consider a movement from C toward B by a
substitution of MIUS production for some conventional production, with constant input of
resources. If the distance between C and B were decreased until the movement was very small,
then a straight line connecting C and B would (1) be tangent to the transformation function at
a point; (2) have the same slope as the transformation functon at a point; and (3) have a
slope equal to the change in MIUS production per unit change in conventional production. In
other words, the slope of TT' at any point gives us a measure of the marginal rate of tech
nical transformation of MIUS and conventional systems, holding total inputs and outputs of
other goods and services constant.

The first task then involves an evaluation of the MIUS and conventional systems in terms
of our position regarding the transformation function. If the answer to this question reveals
that we are currently inside the function TT', then steps need to be taken to reach the
function TT'. This means that we must reallocate resources from other uses to both MIUS
installations and conventional systems. However, if we are currently at a given position,
say, C, then we need more information to enable us to make the decision of whether we should
be at C, B, 0, or A.

The transformation function in the case of MIUS vs conventional might be considered as a
transformation in the type of utility as the service is assumed to progress in application
through a spectrum of spatial consumption densities, such as low- to high-density housing.

6.1.2.2 Second productivity criterion

Relative prices determine the desirability of any two or more purchased commodities or
services. It is understood that an additional dollar's worth of any good or service a con
sumer purchases gives as much satisfaction as an additional dollar's worth of any other good
or service. It follows from the theory of consumer behavior that if an economy changes its
operations to provide consumers with goods and services they value more highly, the economy is
providing the consumers with more utility, even though the quantity of other goods produced
must be reduced, that is, lower-valued goods. This point is illustrated in Fig. 6.1. The
movement from inside the transformation function {point Z) to a point on the transformation
function (say, point B) involves an increase in utility, an i~crease in the number of units
served, and a change in the relative allocation of resources in the production of services
from conventional systems to MIUS installations. These observations disclose the social
(market) role of the prices of commodities and services as the guide to economic activity, and
more importantly, suggest how to use prices in choosing among those points that lie on the
transformation function. Market prices then suggest that the best point on the transformation
function is the point for which the market and nonmarket value of final goods and services is
a maximum.
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We will define this value as the gross value of unit services (GVUS), represented by the
dashed lines in Fig. 6.1. The slope of this line is the relative price per unit served by
MIUS, Pm' to the price per unit served by conventional utilities, Pc; that is, Pm/Pc' The
most efficient point on TT' is given by the tangency of GVUS and TT', shown as point D. This
tangency solution states that the rate of technical transformation (i.e., the rate at which
society can technically transform resources between MIUS and conventional technologies) must
be equal to the rate at which society wishes to transform resources between the MIUS and
conventional system.

The first task the analysis requires is a simulation of the production functions or cost
functions involved in the MIUS and conventional utilities so that we may approximate the shape
of TT'. Once we know what the characteristics of TT' are, we may then find the optimum point
with the help of our second criterion for productive efficiency. For example, Fig. 6.1 illus
trates a transformation function TT' of an assumed shape and two GVUS lines with slopes equal

to an assumed value of Pm/Pc' GVUS represents the value of total production, known to be a
linear function of production and unit market price and having a slope of Pm/Pc' The absolute
value of GVUS is not important; thus it can be shown as a line of proper slope on the coordi
nates of the transformation function. Certain properties of the GVUS function are important;
one is the slope and another is that GVUS increases as the line shifts away from the origin,
which corresponds to increasing total production. Let point C represent a reference combi
nation of MIUS and conventional production (which is productively efficient at that point),
with the line (GVUS) drawn through the point. It is apparent that the GVUS line could be
moved further from the origin and still intersect the transformation function. This line
corresponds to increasing the value of production and production itself, which is certainly
desirable. The optimum is to shift the mix of technologies along the curve TT' until a point
is found for which a GVUS line passing through this point is at a maximum distance from the

origin. The optimum corresponds to point D and line (GVUS)2 and the condition that the GVUS
line is tangent to the transformation function.

6.1.2.3 Formal analysis

Derivation of the transformation function

The transformation function for two activities and two factors of production is derived
as follows. The'two activities may be considered as MIUS and conventional utility systems,
both producing utility services that are measured as housing units served. The derivation is
based on two factors of production - capital and labor; however, the model is quite general
and can easily be extended to any number of factors. A logical extension for these activities
would be to include three factors - capital, labor, and fuel. It will be shown in the fol
lowing sections that this general analysis incorporates a special case of interest, a case
using simulated marginal cost functions to produce a point on the transformation function.

Starting with the production functions specified in

(1)

where
QM output of activity M(units served)
QC output of activity C (units served)
LM= level of labor services used in activity M
KM= level of capital services used in activity M
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le = labor services in e
Ke = level of capital services in e,

and with total factor endowments given by

(2)

we may derive the transformation function TT'. let the price of capital services equal rand
the price of labor services equal w. Our problem is to maximize the total output of activ
ities Mand e with a fixed input of resources.

Form the lagrange function

which allows us to find the maximum output for a given cost (or conversely, minimum cost of a
given output). Now, differentiate VA partially with respect to KM, lM' Ke , le' and the unde
termined multiplier A, and set equal to zero. We then have

o ,

(3a)

o , and

The first four equations of (3a) give us the equilibrium conditions for maximum output.
Eliminating A from the first four equations we find that

afM/alM = wM
afM/aKM rM

and

afe/ale = we
afe/aKe re

Since in equilibrium,
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we have

w
- -

r
(4)

Equation (4) stipulates that the ratio of the marginal products of labor and capital (i.e.,
the partial derivatives) in each activity must be equal to the ratio of the prices of factor
services to achieve maximum output at minimum cost. (This is implied by the duality theorem. I)

The same procedure is employed to find the maximum value of total output, that is, the GVUS of
Fig. 6.1, which results in Eq. (5):

ofC/oKC _ PM
ofM/o~ - Pc . (5)

Equation (5) states that the ratio of the marginal product of labor in activity C to that in

activity Mmust be equal to the ratio of the marginal product of capital in activity C to that
in activity M, and these in turn must be equal to the ratio of exchange of Mto that of C.

[In the context of this discussion, the price of outputs (PM or PC) is considered as costs to
society instead of as market values of production. Interpretation as market values would

require the use of the ratio PC/PM in Eq. (5) and as the negative slope of the GVUS line.]
Equations (4) and (5) must hold for all r, w, PM and PC' Hence, using the left-hand side of

condition (4) or (5) and Eqs. (1) and (2), we have five equations in six unknowns: QM' QC'
KM, KC' LM, and LC' The determination of the production functions fMand fC allows the
solution of this system for QMin terms of QC' which gives the transformation function TT', as

shown in Fig. 6.1.

The implicit transformation function

T(M, C) = 0 (6)

has the slope that is given by the negative of Eq. (5). The negative of Eq. (5) is, indeed,
the rate at which society can technically transform resources from activity Mto activity C

and produce the most efficient use of resources in these two activities. The negative of
Eq. (5) is the marginal rate of technical transformation of capital for labor in the two

activities. 2

Production function examples

The determination or simulation of the production functions f C and fMis necessary to
determine the marginal products of labor and capital in Eqs. (4) and (5). Two standard pro

duction functions that have been extensively analyzed and have successfully simulated the
operation of various types of activities are the constant elasticity of substitution (CES) and

the Cobb-Douglas functions.
The CES production function is
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where QM= output, KMand LMare capital and labor inputs, and y, 0, and e are the efficiency,
distribution, and substitution parameters respectively (y > 0 and 0 > 0). The derivation
given in Appendix A shows that, in general

where

MRTS Kfor L
dK df/aL MP L

- dL = af/aK = MP K '

MRTS = marginal rate of technical substitution
MP = marginal product.

The use of the CES production function gives the following expressions:

for activity M, and

l+ej

MRTS KC for L
C

- ::~ = c~j OJ) G~ )

(7)

(8)

with different values of 0 and e (e.g., OJ and ej) for activity C.
The Cobb-Douglas production function is a special case of the CES function used success

fully in several studies of fossil-fueled steam-electric generating systems. 3- 6 The function
is:

where A and a are constants (A > 0, 0 > 0).

The derivation of Appendix A gives

for activity M, and

(~)(::)

C:lal)(:~)

(9)

(10)

for activity C.
It is generally true, for any production function, that the efficient level of output for

the two activities, Mand C, is given when the ratio of MRTS of the two activities is equal to
the factor price ratio as:
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(MRTS)C dKC/dLC w PL
(MRST)M = dKM/dLM= r = PK .

The next step maximizes GVUS subject to marginal productivity conditions. This occurs when
the slope of the transformation function equals the slope of the GVUS function. These two
conditions ensure both technically and economically efficient levels of output in activities M
and C. Estimates of 0, 01' e, and el (or a and all obtained by any of the methods described
in Appendix B and used with different values of the ratios of capital to labor in the two
activities can then be used to plot the transformation function. This model is quite general
and can easily be extended to a situation involving n activities and k factors (such as labor,
capital, and fuel).

The marginal cost approach

The previous derivation of the transformation function, referred to as the isoquant
isocost transformation function (IITF), started with production functions and maximized the
total output of the two activities subject to the resource constraint. The IITF approach is
considerably more general in applicability, but the approach using cost functions will provide
the same general results. In particular, in simulations of MIUS and conventional technologies,
the marginal cost functions may be derived using less information than is required for the
IITF approach. To show that these two approaches produce the same results is a simple task.
We formerly found the equilibrium conditions for the two technologies by maximizing the total
output subject to the resource constraint. This same procedure is used to find the equilib
rium conditions for minimum-cost output of the two technologies, which is translatable into
marginal cost functions. This problem is analogous to that of a monopolist operating two or
more plants producing a common output. The question facing the monopolist (and, therefore,
the policy maker) becomes one of how to allocate production between two or more plants (or
technologies) so as to maximize the discounted current value of the enterprise. The general
solution to this problem involves minimizing costs for all the plants and setting output for
each at the point where marginal cost curves for each plant have a common intersection with
the marginal revenue function. The rule is simple: Increase output in each plant until MC I

MC 2 ... = ••• MCn = MR. This technique will produce the same results as the IITF analysis.
The IITF analysis showed that any point on the transformation function must meet the

conditions which specify that the ratio of the marginal products of the two factors (K and L)
for each activity be equal to each other and that these ratios, in turn, be equal to the ratio
of the prices of factor services [Eq. (4)J. Reproducing Eq. (4) we have:

afC/aLC w
afC/aKC r

This equation may be rewritten as:

(11 )

The four terms in Eq. (11) are equal to the reciprocal of marginal cost, that is,
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3fM/3lM 3fM/3~ 1 3fC/3 lC 3fC/3KC 1

w r = Me; w r = Me'
M C

By inverting the components in Eq. (12) , we have:

w r w r
MCC '3fMI 3lM

3f 13K = MCM 3fC/3lC 3fC/3KCM M

(12)

(13)

where MCM= the marginal cost of MIUS systems and MC C = the marginal cost of conventional
systems.

Equation (13) shows that operation of each plant at minimum cost requires the condition
that the marginal cost of labor [W/(3f/3l)] equal the marginal cost of capital [r/(3f/3K)],

and each must equal the marginal cost of the plant's production. Equations (11) and (12)
indicate that minimum-cost operation of two plants occurs when the marginal plant costs are
equal, that is, MCM= MCC' Any combination of two-plant operation meeting these conditions
would also satisfy Eq. (4) and would therefore represent a point on the transformation func
tion. Thus the IITF approach and the marginal-cost approach provide identical results.

A hypothetical example of marginal cost functions for operating various combinations of
two systems to produce a constant total output is shown in Fig. 6.2. The intersection, where
MCC = MCMis the point of minimum cost, corresponds to one point on TT' of Fig. 6.1 and repre
sents a technically efficient operation.

The formal derivation of average and marginal cost functions from the Cobb-Douglas pro
duction function and from equilibrium conditions of efficiency is shown in Appendix C. This
derivation shows that a formal equivalence generally exists between production and cost
functions.

6.1.3 Externalities, market prices, and the adjusted gross value of unit services

The previous discussion of externalities pertained to conventional utility systems and
the failure of market prices to capture the full social costs of utility services. As an
example, all conventional fossil- and nuclear-fueled electric-generating facilities use, as
inputs to the production process, "free" goods. The atmosphere, waterways, and land areas all
absorb emissions of heat, chemicals, particulates, and radionuclides that cause a lowering of
environmental quality. Discharges into the biosphere have effects on the health of humans and
domestic animals, on fish and wildlife, on vegetable matter, and on property. For example,
lave and Seskin7 conservatively estimate that about $2080 million could be saved in lower
morbidity and mortality resulting from human disease if air pollution could be reduced by 50%
in urban areas. The President's Council on Environmental Quality estimated that in the United
States in 1971 costs resulting from air pollution amounted to $16 billion. 8- 12 (For costs
resulting from water pollution see refs. 13-15; for a detailed discussion of all forms of
externalities see refs. 3-5 and 16-23.)

The second efficiency criterion was previously discussed in terms of the role of relative
prices in the allocation of scarce resources and as an indicator of consumer satisfaction. In
particular, it was understood that market prices reflected the desires of consumers and pro
ducers in their decisions of what to consume and how to produce. In the case where private
and social costs are the same, the second efficiency criterion (GVUS) would be a straightforward
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calculation, since market prices would reflect the full social costs of producing a given
level of output of electrical energy. In the case of conventional methods of electrical
energy generation, market prices do not cover the full social costs of production simply
because no ownership rights exist to some of the inputs of production. The price system
cannot convey the necessary information needed to internalize all costs of production with the
existing institutional arrangements.
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Fig. 6.2. Determination of minimum cost with fixed total production by the marginal cost
approach.

Figure 6.1 was based on the market prices of output from two competing technologies.
Those market prices reflected only the private cost of the output produced by the two tech
nologies, not total social cost. Certain common property resources (in this instance, air and
water) are used in the production process and are, indeed, inputs into these processes.
Further, there is no market incentive for producers to voluntarily use less air and water. If
it were possible to assign property rights in common property resources to private parties,
these resources would command a return like any other resource, the cost of which would then
be fully reflected in the private price of output. Although there are a variety of ways to
establish some proxy form of property rights in these common property resources, it does not
appear to be forthcoming. Regulation, though the least desirable solution as far as effi
ciency is concerned, appears to be the accepted solution.



6-16

The regulation approach probably results from the fact that governmental responsibilities
to protect public health and safety have historically been met by establishing limits and
standards, such as those for emission rates, pollutant concentrations, temperature rise, and
the like. The behavior of a conventional utility system under imposed user charges was
analyzed. It was concluded, however, that decisions resulting from an imposed user charge on
common resources would be the same as that from the method used herein, in which costs of
externalities are reflected in the market prices of products form each activity. That is,
instead of basing the production activity decision on the GVUS line of Fig. 6.1, which only
reflected private costs, we will meet the second criterion using the adjusted gross value of
unit services (AGVUS), which reflects total social cost of production.

Changes in the GVUS line resulting from the addition of the cost of externalities to
private cost to produce the AGVUS line are illustrated (for a hypothetical situation) in Fig.
6.3. The transformation function TT' represents optimum production from each combination of
MIUS and conventional systems (i.e., for each point on TT'). The transformation curve is
assumed to be a normally shaped function, as discussed by Black24 and Johnson. 2 Current

operation is shown by point A, essentially 100% conventional, and the (GVUS)l line is drawn
through point A. The (GVUS)l line reflects only private costs, and it was assumed that the
unit private cost of MIUS (PM) was 20% more than that of conventional (PC)' The slope of
(GVUS)l is then equal to -1.2/1. The fact that (GVUS)l is not tangent to TT' means that the

price ratio, PM/PC' is not equal to the rate at which society can technically transform
resources from one activity to another. The first criterion is met but the second is not, and
consideration of private costs alone indicates that movement along TT' by substituting the
MIUS system for the conventional system is desirable. The optimum point (D) is found by
moving (GVUS)l to a parallel position tangent to TT', as indicated by (GVUS)2'

Consider, however, two possible results of including externalities. In the first, assume

that Pc and PM were converted to total social costs SPC and SPM, by adding the cost of ex
ternalities with the ratio unchanged, that is

Thus (GVUS)l is converted to (AGVUS)l, but the price ratio and slope were not changed. The
same optimum operating point would be indicated as point 0, which specifies serving Ml units
with MIUS and Cl with conventional.

As a second possibility, assume that the external cost for activity Mwas small (or
negative) and the external cost for C was large and the total social cost ratio changed from
PM/PC = -1.2 to SPM/SPC = -0.8. Thus, the slope of (AGVUS)2 was less than (GVUS)l, and the
optimum operating point is shown as point B. Additional allocation of resources to MIUS is
called for, that is, M2 units should be served by MIUS (M2 > Ml ) and C2 units should be served
conventionally (C2 < Cl ).

6.1.4 Simulation of technologies: marginal-cost approach

A formal derivation of the transformation function and the conditions of maximum pro
duction with fixed resources, using the IITF approach, was given in Sect. 6.1.2.3. Also
demonstrated was the equivalence between the IITF approach and the marginal cost approach, the
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formal relationship between production and cost functions, and the existence of a cost or
production function always guaranteeing the existence of the other. The marginal cost ap
proach gives the same efficiency solution as the IITF approach but requires far less input of
data. It is this approach that will be applied, in this section, to determine the proper
combination of MIUS and conventional systems to provide utility services. Both approaches
result in a position somewhere on the transformation function and therefore satisfy the Pareto
optimum conditions for productive efficiency. The only weakness of the marginal cost approach
is that it does not provide enough information to generate the exact shape of the transfor
mation function. However, we do know that the equality MCM= MC C will be on the function TT'
(see Fig. 6.1). Further, since B1ackz4 has shown the formal proof of the concavity (to the
origin) of TT' and Johnsonz has demonstrated its concavity for two simulated Cobb-Douglas
production functions using different values of the distribution parameters (i.e., a and S), we
know its general shape. With this information we are able to make some fairly accurate quan
titative estimates of the position on TT'. The Cobb-Douglas production function has been used
successfully in several studies of fossil-fueled steam-electric generating systems so there is
ample precedent for its use as a guide to the shape of the transformation function and, in
fact, it will be demonstrated that the cost functions from MIUS and conventional model studies
are of the Cobb-Douglas form.
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6.1.4.1 Opportunity costs and short- and long-run periods

All resources are scarce; this is an economic fact of life. The nature of the economic
problem is to allocate resources among competing activities so that the most efficient utili
zation of resources is achieved. In any instance the use of resources in one activity pre
cludes the use of these same resources in any other activity. This is the nature of opportunity
cost. The opportunity cost, to society, of utilizing resources in the activity of producing
commodity X is precisely the amount of commodity Y which could have been produced by these
same resources. This fundamental concept holds also in the case of so-called free goods. The
use of waterways to transport sewage in high concentrations precludes the use of this same
water for drinking, recreation, etc. The opportunity cost of transporting the sewage is not
only the cost of collecting and pumping it into the waterway but also the foregone value of
the waterway as a source of drinking water, recreation, etc. This has been discussed pre
viously in connection with the transformation function embodied in Fig. 6.1. This reemphasis
of the nature of opportunity costs reveals an important consideration for the simulation of
MIUS and conventional technologies. The cost data simulated are, by their very nature,
opportunity costs. That is, the decision to utilize a MIUS installation to provide services
for multifamily dwelling units rather than new conventional systems involves a decision about
which technology will provide a given level of services and, at the same time, make the
opportunity cost to society a minimum. The question then becomes that of which technology,
for a given level of services, will withdraw the fewest resources from those available to
society. The fundamental distinction in this case is the concept of the length of the "run."
The length of the run is crucial to our analysis. What we are really concerned with in this
instance is the notion of a planning horizon. For most economic problems it is essential to
distinguish at least two lengths of run - the short run and the long run. These two lengths
of run are distinguished by the nature and embodiment of resources and give rise to two
distinct types of cost - one avoidable and the other not. The short run is defined as the
length of run for which certain of the resources available to the resource owner are fixed,
that is, embodied in a form that cannot be changed during the period. Buildings, machinery,
equipment, and other resources of this nature cannot be changed during the short-run period.
Sometimes they will be operating at capacity; at other times they will not be used. However,
the basic fact remains that the charges against these fixed resources will continue regardless
of their use rate. These fixed resources are, by the nature of the short-run period, "sunk"
costs and do not affect the decision on the amount of production. Cooperating with the
resources fixed to the enterprise in the short-run are those resources which will vary with
the output rate. Labor, materials, and power have the potential of being variable in the
short run. We say potential because contracts may easily convert a so-called variable re
source into a fixed resource. We correspondingly associate fixed and variable resources with
the short-run period. Therefore, the short-run period is defined as a period of length of run
whereby the enterprise cannot augment or deaugment the fixed resources. Corresponding to
these notions of fixed and variable resources are costs associated with these resources,
denoted as fixed and variable costs. Fixed costs do not vary with the rate of output; vari
able costs do. Once the production technique is selected and the requisite fixed facilities
are planned and constructed, the cost of these facilities plays no role in the decision on the
rate at which the enterprise will produce. The production decision, then, involves only the
average variable costs of the firm; that is, if the price per unit sold exceeds the variable
cost per unit produced, the decision should be to operate where marginal cost equals marginal
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revenue. If the price per unit sold is less than the variable cost per unit produced, the
decision should be to shut down. In the short run, then, the slope of the total variable cost
curve is the appropriate marginal cost curve, and it shows the cost of the additional re
sources absorbed or resources released because of increases or decreases in the output rate.
Fixed charges in no way playa role in the short-run decision-making process with respect to
variations in output. The degree of fixedness of resources is not standard among industries
and will probably not be standard for firms within an industry, particularly for different
production techniques. This means that the short run will vary in length both among indus
tries and within industries, and the appropriate length of run must be decided on the basis of
individual cases.

Once we extend the time horizon to a period of time or run that allows the planning unit
to alter the level of fixed resources under its control, we find that fixed resources, and
therefore fixed costs, playa very important role in the decision process. We therefore
define the long-run or planning horizon as a length of run for which all resources are vari
able, and the distinction between fixed and variable costs disappears. In the long-run
planning period all costs are variable. Therefore, form the standpoint of this assessment,
the issue of fixed and variable resources is not of concern. The time period that this
assessment is concerned with is the long-run or planning horizon, which means that we are
interested in minimizing the additional amount of resources withdrawn from society's stock of
resources. We therefore look at the total cost of the withdrawal of resources used in the
activity specified. We will look at this total cost curve as a special kind of marginal cost
curve. From society's point of view, the withdrawal of X amount of resources for production
process Y involves a marginal cost indentical to the amount of other commodities, Z, that
could have been produced.

The studies described in detail in Sect. 3.9 examined annual costs for MIUS and conven
tional utilities serving a hypothetical garden-apartment complex of three sizes (288, 720, and
2880 apartment units) in a Philadelphia climate. The MIUS model (Model A) provided all
utility services, except solid-waste disposal, by small onsite systems completely independent
of conventional utility connections. All conventional models purchased electricity from a
projected mix of large nuclear- and coal-fueled steam-electric plants and were provided with

liquid- and solid-waste and potable-water services from municipal-size installations. Elec
tricity costs varied whether generating plants were equipped with polltuion-control equipment
or not and varied with time as the mix of generating plants and fuel costs varied. Costs for
the years 1975, 1985, and 2000 were estimated on the basis of constant 1972 dollars. The main
difference among the various conventional models (C, D, E, and F) was in the onsite HVAC
equipment used.

Wherever possible, costs for conventional utility service were estimated on a marginal
cost basis, that is, as the incremental cost for an incremental amount of capacity from a

*large central plant. Also, the most likely conventional models (which excluded Model C) used
HVAC equipment that was complete within each individual apartment (Models D and F) or, at the
worst, within each building containing 12 apartments (Model E). Thus, the estimated annual
costs represent true marginal cost to society for providing services to a small increment of
consumers. The annual costs estimated for the MIUS model represent marginal cost per develop
ment for each size considered.

*From conclusions discussed in Sect. 3.9.11.



6-20

Table 6.1 shows resulting annual costs (in 1975, 1985, and 2000) averaged over the most
likely conventional models serving developments of three sizes. Costs were shown for central
generating plants with and without pollution-control features.

Table 6.1. Total annual costs for all conventional utility systemsa
serving garden-apartment developments of three sizes (Philadelphia

climate; average of Models D, E, and F; constant 1972 dollars)

Total annual costs (10 3 $)

Year
per development of:

288 DU 720 DU 2880 DU

Once-through cooling, no SOx contentb

1975 409 762 2639
1985 415 777 2697
2000 425 802 2797

Cooling towers, SO control b
x

1975 420 789 2746
1985 422 795 2769
2000 429 813 2841

aBiological liquid-waste treatment, sanitary landfill and potable water
from surface supply with 5-mile transmission.

bFeatures of conventional electric generating plants.

The most important externality of all utility systems was believed to be from the oper
ation of conventional steam-electric generating plants. When not equipped with control
features, coal-fueled plants release large amounts of S02 particulates, and other combusion
products. Once-through cooling systems circulate large amounts of water which kill aquatic
species by entrainment on screens, passage through the system, and by thermal effects on the
water body. The importance that society places on these impacts is illustrated by the extent
of state and federal regulations and standards concerning power-plant emissions, water-intake
structures, and thermal effects. Also, the public is apparently willing to pay the addi
tional cost for electricity in order to reduce these impacts. Monetary costs of such indi
vidual impacts are difficult to estimate when a specific location and plant design are known
and nearly impossible on a national scale. There are, however, good estimates (Sects. 3.3
and 3.9 of this study) of the increase in the cost of conventional electricity due to the
addition of pollution-control features which reduce impacts to an acceptable level. The
increase in simulated marginal social cost by the addition of control features is shown in
Table 6.1, and that difference is interpreted as the monetary value of the externalities from
operation of uncontrolled plants. As discussed in Sect. 6.1.3, externalities can be ac
counted for by adding those costs to private costs and usi~ the total social cost ratio
(SPm/SPc) to determine the slope of the AGVUS line. The costs used in this simulation were
data for 1975 with control features installed; thus, externalities were implicitly accounted
for.
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Plotted in Fig. 6.4 is the long-run total cost function from the simulated conventional
utilities data. The cost function is linear and therefore is derived from a homogeneous
production function of degree 1. Recall, now, the discussion of the Cobb-Douglas production
function and the work of Johnson 2 and Black24 with regard to that function and the concavity
(to the origin) of the transformation function TT'. Figure 6.4 indicates an underlying
production function that is close to being of a general Cobb-Douglas form. The Cobb-Douglas
production function (as is the CES production function) is a homogeneous production function
with convex iosquants (as in Fig. 6.8 of Appendix B) and a linear expansion path. This is
because production functions that are homogeneous of degree 1 have constant marginal cost and
a linear long-run total cost function. For example, writing out the production function
(Cobb-Douglas), the cost equation, and the expansion path function for the two-variable case,
we have

C = rK + wL ,

and

arK - swL = 0 .

Solving Eqs. (15) and (16) for K and L gives

substituting these values into Eq. (14) gives

Now solve Eq. (18) for C in terms of Qand the parameters A, a, and s; the long-run total
cost function is

C = aQ ,

which is linear, with

(14 )

(15)

(16)

(17)

(18)

(19 )

(20)

As can be seen, the long-run total cost function for the conventional simulations is a linear
function (i.e., C = 1.025Q + 187) except for the region between 0 and some positive rate ofc c
output less than 288. Since, in reality, when Qc = 0, Cc = 0, there must be some nonlinearity
in the range 0 < Qc < 288.
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Fig. 6.4. Simulated annual cost of conventional utilities per development vs development
size (garden-apartment complex; 1972 dollars).

Presented in Table 6.2 are points on the simulated long-run cost function for the MIUS
technology extended through 288, 720, and 2880 dwelling units (DU). The corresponding
average cost per apartment is given on the bottom line of Table 6.2. Since MIUS does not use
conventionally generated electricity and gas fuel cost has not been varied with time, MIUS
costs do not vary with time.

The data appearing in Table 6.2 are plotted in Fig. 6.5. The long-run total cost function
has the form C = aQb and is linear in the logarithms of cost and output; that is,

~n C = ~n a + b ~n Q , (21)



6-23

Table 6.2. Estimated annual costs for MIUS serving
three sizes of garden-apartment developments in a

Philadelphia climate (constant 1972 dollars)

Annual costs (10 3 $/yr) for sizes:

288 720 2880

Electrical and thermal 283.3 602.4 2112.1
Solid waste (landfill) 2.88a 7.2a 28.8a
Liquid waste (biological) 23.9a 43.20 97.2
Potable water (well) 51.6 63.8 217.6

Total annual cost (10 3 $) 361.7 716.6 2455.7
($/apt. ) 1256 995 853

aOenotes use of conventional subsystems.
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where

~n a (a ~n r + S ~n w) - (~n A + a ~n a + S ~n S) , (22)

and b = (a ~n C)/(a ~n Q), or the slope of the cost function. The total cost equation for
the MIUS simulations is then

~n CM= ~n 2.88 + 0.847 ~n Qm . (23)

The long-run total cost function of MIUS is a function that is homogeneous of degree
greater than 1 (i.e., a + S > 1) and is of Cobb-Douglas form. Since the long-run cost
functions for both the MIUS technology and the conventional technology imply underlying
production functions that are Cobb-Douglas, the transformation function is best generated
using two Cobb-Douglas production functions which, of course, are a member of the class of
constant elasticity of substitution (CES) functions. For these specific consumer and utility
models, for every number of units served between 288 and 2880, the MIUS technology withdraws
fewer resources from society's stock than does the conventional technology serving a com
parable number of units.

Figure 6.6 shows one of a set of transformation functions generated by Johnson2 from two
Cobb-Douglas production functions. The one shown results from a homogeneous function of
degree greater than 1 (a + S > 1), as was the MIUS production function, and is expected to be
a good approximation of the simulated data. Since the MIUS-to-conventional cost studies
spanned a range of only 288 to 2880 DU per development, and it was observed that some non
linearity must exist below the 288-unit size for cost to equal zero at zero production, the
transformation function of Fig. 6.6 must be considered to represent only that fraction of the
market served by housing developments containing 288 units or more. Data in the market study
(Sect. 4.4) indicate that about 28% of multifamily developments would contain 200 or more
units.

The transformation function of Fig. 6.6 has the same general shape of that in Fig. 6.1,
although not as pronounced in terms of concavity. In fact, Johnson stated that "even quite
marked differences in the relative labor intensity of the two industries are insufficient to
make the transformation curve depart markedly from a straight line."2 The AGVUS line can now
be drawn using the estimated MIUS-to-conventional marginal social cost ratio (SP /SP )m c
determined from the ratios shown for each conventional model in Table 6.3. In all but two
cases the cost ratio, SPm/SPc ' which equals the negative slope of the AGVUS line, is less
than unity. For the average of the four models, the slope also is less than unity. Use of
the marginal social cost ratio, which includes a normal rate of return, implies that unit
services are priced to consumers at marginal cost. The equivalence of marginal cost and
price is true in perfect competition.

Given the transformation function TT' and the slope of the AGVUS line (-SP /SP ), We can, m c
consider the problem of how to best serve new multifamily developments (~288 units per develop-
ment). In the current absence of MIUS, there is no choice, and 100% conventional utilities
would be used as shown at point A on Fig. 6.7. With MIUS in contention, drawing the AGVUS
line with a slope of -0.77 and passing through point A (line 1) shows that the efficiency of
allocation of resources between MIUS and conventional systems is not optimized. The social
value of services produced can be increased by moving along the transformation function until
the AGVUS line reaches the maximum possible distance from the origin. The point of maximum
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Fig. 6.6. The transformation function produced by two Cobb-Douglas production functions
with a. + 13 > 1. (Data from ref. 2.)

Table 6.3. MIUS-to-conventiona1 marginal social
cost ratios for three development sizesa

SPm/SPc for development sizes:
Model

D (gas)b

D (e1ectric)C
E

F (gas)

288

0.74
0.72
0.87
0.75

720

0.74
0.71
0.91
0.75

2880

0.72
0.69
0.91
0.72

Average of all models 0.77 0.78 0.76

aAll utilities included; projected 1975 conventional generating
plants with pollution-control features.

bGas potable water heaters.
CE1ectric potable water heaters.
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social value of services and technical efficiency within each activity corresponds to point B,
where the AGVUS line (line 1') is tangent to TT'. From the arbitrary scale of the coordinates,
the percentage of total services at point B which should be produced by each activity can be
determined as follows:

MIUS production at point B
Conventional production at point B

Total production

Units

35
32

67

Percent of total

53
47

100

Thus, if the marginal social cost ratio, SPm/SPc ' is 0.77, about 53% of the market represented
should be served by MIUS installations. As the ratio SPm/SPc approaches unity, the optimum
point moves to the right on curve TT'; MIUS use should decrease, and conventional use should
increase. Point D represents the optimum point when marginal social costs are equal
(SPm/SPc = 1). At point D, the total units (arbitrary scale) produced were about 67, and
about 41% should be served by MIUS.
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This (IITF) analysis further states that the marginal social cost of MIUS could be
relatively higher than that for conventional (over a small range) and some fraction of MIUS
services would still be called for. The decision to use MIUS even though marginal cost was
higher would not normally be made, but it is a valid result in the context of the stated
conditions. The IITF approach maximized production under the constraint of fixed input of
resources and fixed output of all other goods and services. Thus, any resources that the
planner could save by selecting the lowest-cost production method to provide a fixed amount
of services would have to be used for additional production and not used to reduce the input
to utilities or allocated to other goods and services. These conditions could be applicable
if the installation of new utility services cannot keep up with demand. Regardless of the
practicality of results when SPm/SPc > 1, we can conclude that the social value of services
produced can be optimized by allocating part of a given stock of resources to MIUS instal

lations when SPm/SPc ~ 1.
The marginal cost approach started with a different set of conditions which may be more

realistic - to minimize cost (or resource input) for a fixed output of utility services. The
optimum combination of MIUS and conventional production was determined to be with the marginal
cost of MIUS equal to that of conventional. The ratio of marginal social costs that equals
SPm/SPc would then be equal to unity, the slope of the AGVUS line would be -1, and the optimum
point would be represented by point D in Fig. 6.7. Again, at point D, the optimum combination
is to supply about 41% of services to this multifamily market (>288 DU per development) by
MIUS installations.
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Appendix A

DERIVATION OF THE MARGINAL RATE OF TECHNICAL TRANSFORMATION

Let

o= f(K, L) (1)

be the production function where aO/aK and aO/aL are the marginal products (MP) of capital
(K) and labor (L) respectively. 0 is output of the activity.

Consider the total differential of Eq. (1),

dO = !f. dK + !f. dL (2)aK aL

Now, along any isoquant dO = 0, so that we have

dO = !f. dK + !f. dL = 0aK aL

and

dK _ af/aL _ MP L
MRTS Kfor L = - dL - af/aK - MP

K
.

For example, using the constant elasticity of substitution (CES), production function, we
have

(2a)

(3)

where y, 8, and p are constants (y > 0, 8 > 0). Taking the total derivative of 0 and setting
equal to 0, we obtain

Solving for dK/dL, which equals the marginal rate of technical substitution, gives

_ dK = MRTS = y(l - 8) L-
e
-
1

=(1 -8 8)(!5-L)1+e .
dL Kfor L y8 K- e-1
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For the Cobb-Douglas production function we have

where A and a are constants (A > 0, a > 0).

Taking the total derivative of Q and setting equal to 0 gives

for which the solution for dK/dL is

In the case of CES we needed (from other studies) the estimates of 0 and e to simulate
the transformation function. In the latter case (Cobb-Douglas) we required estimates of a.
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Appendix B

EMPIRICAL ESTIMATION OF PRODUCTION FUNCTIONS

This appendix deals with a proposed empirical estimation of production functions from
reported operating data of conventional utilities and simulations of MIUS. Use of the de
scribed procedures would permit a formal completion of the IITF approach which results in the
actual shape of the transformation function.

The previous formal derivation of the transformation function (or production frontier)
has its empirical counterpart in the important works of Farrell,l Farrell and Fieldhouse,2
Hildebrand and Liu,3 Barzel,4,5 Seitz,6,? H. G. Johnson,s Nerlove,9 and Aigner and Chu. 10 To
our knowledge this is the first time such a versatile method has been proposed for a tech
nologyassessment. This general approach has considerable promise in that it can use (1) the
results from a number of existing studies on costs and production functions of energy gener
ation, (2) engineering cost data on energy generation from a number of sources, (3) simulated
data from the modeling of technologies not now being used, (4) a number of different forms of
production and/or cost functions (Cobb-Douglas, CES, and others) with little change in the
required input of effort, and (5) a number of different estimating techniques; for example,
single-equation least squares, two-stage least squares (simultaneous estimation), linear
programming, quadratic programming-single equation and quadratic programming-simultaneous
equations all give similar values for the marginal productivity conditions needed to produce
the transformation function (see, e.g., ref. 10). This approach can also be used for sensi
tivity studies either of already known production processes under changing conditions (e.g.,
rising fuel prices) or of simulation studies of possible new technologies of energy gener
ation. Finally, most studies (including this one) of cost and/or production functions esti
mate a technology or efficiency parameter and a scale parameter. Estimates of these param
eters are valuable when the transformation function is considered as a function of time.

The second main feature of this general model is that of using the concept of adjusted
gross value of unit service (AGVUS) as the objective function (second efficiency criterion).
Following Boulding,ll Ayres, Kneese, and D'Arge,12 and Ayres and Kneese,13,14 we use the
concept of AGVUS and price the externalities directly and indirectly associated with the

*processes of energy generation at full social cost. To our knowledge this method has not
yet been used in a technology assessment. Pricing at full social cost would be favorable to
the adoption of technologies with a high private cost but low (or zero) emission rates in
comparison with technologies having low private cost but high emission rates.

*See also ref. 15 for an estimate of these externalities for a representative 1000-MW(e) plant.
Our simulation of 1000 MW(e) for unit services includes sulfur dioxide and particulate control
equipment, which is the same as adjusting the GVUS.
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Empirical estimation

The following is a description of the possibility of empirical estimation of the cost
production function and generation of the transformation function. Since cost and production
functions possess the same theoretical and empirical form (see refs. 5, 9, 16, and 17), it
does not matter which function is estimated if comparable data are available for physical
outputs and inputs and for the costs of these inputs and outputs. When data limitations
exist it is no longer a matter of indifference, and the function for which data exist will
provide the most promise.

Data that can be used in an empirical estimation of cost-production functions for con
ventional systems are published yearly by the Federal Power Commission (FPC) and provide,
with some adjustment, sufficient information so that both cost and production functions may
be estimated. 18 ,19 To make these data comparable to the simulations in Sect. 3.9, some of
the FPC figures would have to be adjusted because the data in ref. 18 are concerned with
operations at the level of the individual plant and contain information on construction and
production expenses only, and the data of ref. 19 are based at the level of the firm, which
is generally made up of more than one plant. Further, information in ref. 18 does not include
expenses for (1) transmission, (2) distribution, (3) customer account, (4) sales, or (5)
general administration.

Since all these items are included in the simulation in ref. 20 and constitute a signif
icant portion of the cost of services delivered to the consumer, data from refs. 18 and 19

should be used. The procedure would be to assign to each plant the proportions of items (1)

through (5) above of the total cost of the firm due to the operation of the plant in question
on the basis of the level of electrical generation of the individual plant. The justification
for this procedure is suggested by the traditional theory of the firm which assumes rational
behavior on the part of the manager of the utility firm. To minimize costs of production,
transmission, etc., the manager will allocate resources purchased and resources owned by the
firm among the different activities of the firm-production plant, transmission facilities,
distribution facilities, etc., in such a manner that the returns to labor, capital, and fuel
will be the same for the entire enterprise. If the manager of the firm observed a higher
return to any of the factors in one or more activities within the firm, he would have incen
tive to transfer resources to that more productive activity and thus increase the efficiency
(profitability) o~ the firm. The intrafirm allocation of resources as a rational plan of the
firm's manager therefore allows the assignment of nonproduction expenses at the firm level to
the level of the plant on the basis of the net electrical generation of the plant. This same
procedure is used in nearly all econometric studies and represents the equilibrium conditions
for the individual firm. It is simply a rational method of treating the individual plant as
a "firm within a firm."17 This procedure is discussed also in refs. 5, 9, and 21.

A pooled cross-section-time-series sample of these abstract "firms within a firm" would
be selected from ref. 18. To be comparable to the MIUS simulations, information on only
those plants that were put into operation between 1969 and 1974 would be used. This would
provide 6 years for the time series and some 30 different "firms" for the cross section.

This procedure will provide a sample of sufficient size.
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Empirical estimates of Cobb-Douglas production function

The estimating equation would specify that output is a function of capital, labor, and
fuel inputs. The general form is specified by

a a a
Q = A K KL L F F U , (1)

where Q = output, K= capital input, L = labor input, and F = fuel input. A is a scale
parameter; aK, aL, and aF are the distribution parameters, and U is a random variable which
expresses neutral variations in efficiency among firms. Equation (1) suggests two possible
courses of action: (1) Estimate Eq. (1) directly after a logarithmic transformation or (2)
find the reduced form of Eqs. (1) and (2), transform to logs, and estimate the cost function,
rewriting Eq. (1) as

(la)

Applying ordinary least squares or two-stage least squares to Eq. (la) would generate statis
tical estimates (denoted by A) of A, ~K' aL, aF, and U. The aK, aL, and aF can then be used
to derive the marginal productivity conditions (see CES production function discussion above).
The marginal productivity conditions derived from Eq. (la) would then be used in conjunction
with the simulated marginal productivity conditions in the MIUS models to generate the trans
formation function (see ref. 8). Note that by writing Eq. (1) in the form of (la) the aK,
aL, and aF are estimates of the partial elasticities of output with respect to capital,
labor: and fuel. That is, 3 ~n Q/3 ~n K= aK, which is equal to (3Q/3K)(K/Q), where K and
Q indicate the mean values of Kand Q. Since the expression 3Q/3K is the marginal product of
capital, we may use aK, K, and Q to derive 3Q/3K, that is, 3Q/3K = (Q/K)aK. The same pro
cedure would then be used to derive the marginal products of labor and fuel. Once the
marginal products are computed, the equilibirum conditions are found by dividing each marginal
product by the corresponding price of the input and equating these three ratios such that

(2)

where PK, PL, and PF are the prices of capital, labor, and fuel. These marginal productivity
conditions would then be used with the MIUS simulations. In the description of the formal
derivation of the transformation function with two factors and two activities we found that
either Eq. (4) or (5) (given in Sect. 6.1.2.3) gave us the transformation function. We later
demonstrated this proposition with the CES and Cobb-Douglas production functions. The pro
cedure underlying the use of Eq. (la) is the same except for the added dimension of fuel.
For example, in the two-factor-two-activity case (say capital and labor) the production
isoquants (constant-output curves) are given by the first two terms of Eq. (5), that is,

(3)
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Plotting Eq. (3) for different levels of conventional and MIUS output and different levels of
capital and labor input devoted to the two activities would result in Fig. 6.8. In Fig. 6.8,
the different levels of possible output of conventional and MIUS systems are plotted. The
production isoquants (constant-output curves) C1 , C2 , etc., are higher levels of output
referred to the OC ori gi n; M1 , M2 , etc., are hi gher 1evel s of output for MIUS referred to the

OM origin. The ordinate measures capital input for all levels of output and the abscissa
measures the same for labor input. The straight lines are the cost constraints expressed as
the ratio of the prices of the two factors of production [see Eq. (4), in Sect. 6.1.2.3)].
Points A, B, C, and D then show the several points where all the equilibrium conditions hold.
Holding the inputs constant and allowing the level of output between conventional systems and
MIUS systems to vary allows us to trace out the transformation function shown in Fig. 6.9.
Points A, B, C, and D correspond to the equilibrium conditions at points A, B, C, and D of
Fig. 6.8.

The second method of estimating the marginal productivity conditions would utilize the
reduced form of Eqs. (1) and (2). This reduced form turns out to be the cost function:

a a a
C = kQl/v P L/v P K/v P F/v

L K v w

k

(4)

w= U- l / v

Taking logs of Eq. (4) as we did with Eq. (1), the statistical model to estimate the cost

function is expressed as

1 a a a
~n C ~n k + v ~n Q + ~ ~n PL + vK ~n PK+ ~ ~n PF + ~n w .

The required data are now cost, output (physical), and the prices of capital, labor, and
fuel, that is, PL, PK, and PF. These are also contained in refs. 18 and 19. Once the mar
ginal products are derived, the transformation function is generated just as before.

(5)
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Appendix C

FORMAL DERIVATION OF COST FUNCTIONS FROM THE COBB-DOUGLAS
PRODUCTION FUNCTION

Write the Cobb-Douglas function in the form of

Let PK and PL be constant unit prices of Kand L. From Eq. (1), equality between the MRTS
and the input price ratio, the condition defining the expansion path, requires that

Take logs of Eqs. (1) and (2) and write them as a pair of simultaneous equations, as

a £n K+ S £n L = £n Q - £n A ,

Solving Eq. (3) simultaneously for K and L yields

* *where K and L are the quantities of inputs required to produce Q units of output at the
cost-minimizing input ratio [Eq. (2)J. The cost of producing Q units of output is

Substituting Eq. (4) and (5) yields

Reduce the rightmost term in Eq. (6) to

(1)

(2)

(3)

(4)

(5)

(6)
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i(I3P )-I3(I3P ) jl/(a+
13
)

PKl aP: aP: (a+l3) (Q/A)

PK[(~pPLK)-a ~Ajl/(a+l3)
__~ = aPL r(I3PK)a ~ Jl

/(a+l3) .

(
I3PK

) 13 l aP L A

aPL

(7)

Now substitute (7) into (6) to obtain

c = P i(I3P K)a ~J l/(a+l3) + aPL[(I3PK)a ~]l/(a+l3)
Ll aPL A 13 aPL A

or

(8)

= (~) i(I3P K)a ~ jl/(a+
13
)

C PL 13 l aP
L
A' (9)

Equation (9) is the total-cost function. Since the technological parameters A, a, and 13 are
given, as well as PKand PL, Eq. (9) shows total cost as a function of Q alone. Average cost
and marginal cost may be obtained from the cost function (9); that is,

for average cost and

d 1 l (a + 13)(I3P ) a/(a+l3) (1 )l/(a+13 ) ]~ = __ P __ __K _ Q(l-a-I3)/(a+l3)
dQ a + 13 L 13 aPL A (11 )

for marginal cost. Therefore, there is a formal equivalence between production functions and
cost functions which is true for all production functions. Note that in this derivation, the
use of a and 13 rather than a and 1 - a, as in the remainder of the text, was merely to reduce
the number of terms.
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6.2 ECONOMIC COMPARISON OF FIXED AND GROWING SYSTEMS

Previous sections of this assessment based economic comparisons on the marginal annual cost
of new utility system capacity; this procedure is considered proper for national interests and,
perhaps, for large utility company concerns. It is recognized, however, that many potential
MIUS owners may be more interested in economic comparisons in which conventional service costs
are based on utility rates. The basic question addressed in this section is whether a poten
tial MIUS owner should install a MIUS, priced at the current cost of capital equipment, or
utilize services from conventional utility systems at rates based on the average capital
investment, per unit of capacity, in all system facilities (both new and old). The objective
was to compare the cumulative present worths of the costs of services, over time, for a fixed
MIUS installation and a growing conventional utility system. A consideration of the inaccuracy
and complexity inherent in projections of utility rates, a desire to focus on national average
growth and economic conditions instead of those conditions that correspond to a particular
region or utility system, and a comparison of the magnitude of individual elements of utility
service costs led to simplification of the problem. It was determined that, for a comparative
analysis with accuracy sufficient for purposes of this assessment, utility rates could be
represented by fixed charges on capital investment. Thus, this analysis focuses on capital
investment (or fixed charge) differences between fixed and growing systems to illustrate the
effects of continued conventional utility system expansion, inflation, and interest.

The terms "fixed" and "growing" refer to system capacities. For the case of a completely
independent MIUS installation, the capacity required to serve a given consumer is installed over
a relatively short time period and remains constant, or fixed, thereafter. The MIUS owner pays
the total cost of the installation at current equipment prices, but the capital investment and
annual fixed charges are constant over the life of the system.

Conventional utilities correspond to growing systems. At any given time, rates are partly
based on the average capital investment, per unit of capacity, in all system facilities. The
average capital cost of all installed plants is less than the new capacity cost, but the system
grows by adding new capacity at current costs, and the average system investment increases as a
function of the rates of capacity addition and of increase in new capacity cost.

Examination of individual elements of the cost of electric and thermal services (Sects.
3.3.10, 3.9.7, and 3.9.9) indicated that the fixed charges on capital investment were the major
element for both MIUS and conventional systems. Fixed charges equal about 70% of the total annual
costs for MIUS and about 80-85% for conventional (Models C, D, E, and F) electric-thermal
subsystems. It was concluded that fixed charges would adequately represent utility rates in a com
parative analysis of cost trends over time. Differences in other costs, such as for operation
and maintenance, fuel, taxes, etc., were considered to have a small effect on the trends to be
illustrated and were neglected.

For conventional electric utility systems, the capital cost of central station generating
plants, transmission and distribution systems, and miscellaneous equipment is normally reported
per unit of installed capacity [i .e., $/kW(e)]. A direct comparison with MIUS on the basis of
generating capacity, however, is not relevant. Since MIUS provides thermal energy using waste
heat from electric generation, the electric subsystem has a dual purpose, and electric demand
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of a MIUS-served community is less than if the same services are provided by conventional
systems. The total capital investment required for MIUS and conventional electric-thermal
subsystem models serving the 720-unit garden apartments complex is tabulated below:

Conventional models (10 3 dollars)
MIUS C D* E F*(10 3 dollars)

Offsite elect. subsystems t 0 798 1865 929 1865
Onsite e1ect./therma1 subsystems 2097 1327 418 374 443
Apartment bldg. equipment 680 680 824 902 726

Total (10 3 dollars) 2777 2805 3107 2205 3034

A comparison of the average capital cost of the above conventional model estimates
($2,788,000) with the MIUS cost estimate ($2,777,000) indicates that the total capital invest
ment required in the MIUS and conventional electric-thermal subsystems is about equal. These
estimates represent the marginal cost to the country for new capacity. Therefore, for purposes
of the comparative analysis in this section, it was considered appropriate to represent the
capital investment in new electric-thermal subsystem capacity, both MIUS and conventional, by
equal unit cost [$/kW(e)] and electric demand.

A simplified problem was analyzed to illustrate the effect of interest and inflation on a
comparison of consumer costs for services from fixed and growing systems. The analysis is
described in terms of unit costs of electricity [$/kW(e)], but in the case of MIUS vs conventional
this representation more accurately corresponds to relative or differential costs of e1ectric
thermal subsystems. The fixed system (corresponding to MIUS) was assumed to have a capital cost
of $500 per kilowatt when installed, and fixed charges on capital investment were constant over
the life of the system. At the same time, the conventional system (corresponding to an electric
power grid) has an assumed average capital investment of $320 per kilowatt, but new capacity
installed at that time had capital costs of $500 per kilowatt. The installed capacity of the
conventional system was allowed to increase continuously at a fixed rate (7%/year) and the
capital cost of new capacity was assumed to increase continuously at the rate of inflation
(%/year). The annual charge to the consumer was assumed to be 15% of the average capital
investment (constant for the fixed system) at the end of each year. Growth, inflation, and
interest rates were applied continuously, which is equivalent to continuous compounding.

The equations that were derived to find the average capital investment and the yearly value
and present worth of fixed capital charges for each system are listed below.

Conventional system:

*Models D and F use gas water heaters.
tBased on the 1985 unit cost of $462/kWe, installation of 85% of peak demand of each model,

and 9% transmission and distribution losses.
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Flt = (Alt )(r5)

-r t
Wlt = (Flt)e 4 =

Fixed system:

where
A = initial average cost of conventional system, $/kW,o
Co = initial capital cost of new capacity, $/kW,

Akt = average capital investment at end of year t, $/kW,
Fkt = fixed capital charge at end of year t, $/kW,
Wkt = present worth of year t fixed charge, $/kW,
r2 = growth rate of total capacity, O.Ol%/year,
r 3 = inflation rate of new capacity cost, O.Ol%/year,
r4 = interest rate for discounting, O.Ol%/year,
r5 = annual fixed charge on capital, O.Ol%/year,
k = 1 for conventional systems and k = 2 for fixed systems, for each subscript k.

Table 6.4 shows typical calculated results for the conditions:

fixed charge rate (r5) l5%/year
rate of conventional capacity growth (r2) 7%/year
inflation rate of new capacity growth (r3) 6%/year
interest, for present-worth discounting (r4) 10%/year

Annual charges for the fixed system are constant with time and in early years are greater
than for the growing system. The growing system starts with an assumed lower investment, but
average investment increases as new capacity is added each year at inflated costs. In this
example (Table 6.4), fixed charges on the two systems become equal after nine years, and after
that time fixed system costs are lower. At 30 years, growing system costs are 3.4 times those
costs for the fixed system. These results indicate that MIUS utility rates may be more than
conventional rates during the early years of operation, but conventional rates would surpass
those of MIUS and be considerably higher toward the end of MIUS life.

The present worth of fixed charges shown for each system (Table 6.4) illustrates the
decreased value, in current dollars, of future payments. A commonly used method for deciding
between investment options is to select the one with minimum cumulative present-worth cost (or
maximum cumulative present-worth revenue). The column of Table 6.4 that shows cumulative present
worth values of the difference between fixed and conventional system costs indicates that MIUS
would break even with the conventional system at about 25 years and would be the preferred
system for longer periods.

The effect of inflation is to increase the cost of conventional capacity additions which,
when added to the previous years installed capacity, increases the average capital investment
per unit of capacity. The example shown in Table 6.4 illustrates the trend of increasing fixed
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Table 6.4. Example of fixed charges on capital investment in fixed and growi ng systems over timea

Present worth of Difference of fixed chargesb
Fixed charges at end fixed charges at at end of year

of year ($/kW) end of year ($/kW) [fixed - conventional ($/kW) ]
Year

Present
Conventional Fixed Conventi ana1 Fixed Yearly worth of Cumulative

growing system growing system value yearly present
system system val ue worth

0 48 75 48 75 27 27 27
2 52 75 43 61 23 18 68
4 58 75 39 50 17 11 94
6 64 75 35 41 11 6 109
8 71 75 32 34 4 2 115

10 79 75 29 28 -4 -1 114
12 88 75 27 23 -13 -4 107
14 99 75 24 18 -24 -6 96
16 111 75 22 15 -36 -7 82
18 124 75 21 12 -49 -9 66
20 140 75 19 10 -65 -9 49
22 157 75 17 8 -82 -9 31
24 177 75 16 7 -102 -9 12
26 199 75 15 6 -124 -9 -6
28 224 75 14 5 -149 -9 -24
30 252 75 13 4 -177 -9 -42

aConditions: fixed charge rate, 15%/year; capacity growth rate of conventional system, 7%/year;
inflation, 6%/year; interest, 10%/year.

bpositive values indicate that fixed system values are higher than those for conventional systems.

charges for the growing system and the time period in which fixed charges for the two systems
are equal (about nine years). Figure 6.10 shows that the time of equal annual fixed charges
decreases as the inflation rate increases. The time required for the cumulative present worth
of annual charges of the fixed system to equal similarly determined figures for the growing system

also decreases as the inflation rate increases, as shown in Fig. 6.11.
In this analysis, interest is used as the present-worth factor for discounting the value

of future payments. As the interest rate increases, the present worth of future payments
decreases, and the time required for the cumulative present worth of conventional service
charges to increase to the point of equalling that of the fixed system increases. Thus, the
time of equal cumulative present-worth payments decreases as inflation increases, and increases
as interest increases, as shown in Fig. 6.11. The fixed system realizes a net present-worth
savings in 30 years if inflation is above 4.25 and 5.15%/year at interest rates of 8 and

10%/year respectively.
Based on trends illustrated by this simplified example, MIUS-served consumers might be

charged for utilities at rates above that for conventional utilities during the early years of
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MIUS operation. The $500/kW unit cost, used for new capacity at year 0, and the $2,788,000
capital cost estimate for the conventional electric-thermal subsystem (averaged over Models C,
D, E, and F) corresponds to an equivalent electric· generating capacity of 5576 kW for use in
interpreting these results. Thus, the $27/kW additional annual cost charged to MIUS con-
sumers at year 0 (Table 6.4) represents about $2l0/apartment. The MIUS consumers, however, will
not have to face the inflationary rate increases of growing conventional utilities, illustrated
in Table 6.4, and annual savings could be on the order of $1370/apartment at the end of 30 years
of MIUS operation. For a transient population, the early residents of a MIUS-served development
could be penalized and later residents reap the benefits. Based on the cumulative present
worth of fixed charges, use of MIUS results in a net saving over its expected life at reasonable
rates of interest and inflation.
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6.3 EVALUATION OF AIR QUALITY FROM HOURLY LOAD AND WEATHER DATA

6.3.1 Introduction

The evaluation in this section is based on hourly weather data recorded on U.S. Weather
Bureau tapes for five widely varied climates in the United States. This evaluation does not
include any effects of adverse short-term conditions (one-half hour to several days) because
the U.S. Weather Bureau tapes do not include data on the occurrence of inversions. However,
nocturnal inversion breakup is so short-lived (about 1/2 hr) and several-day elevated inversions
so infrequent ( a few times per year) that these conditions do not usually influence the annual
average concentrations significantly. The main emphasis of the analysis in this section is the
long-term air quality, even though the maximum concentrations during any l-hr period of normal
dispersion are included. Section 6.4 includes an evaluation of short-term impacts on air
quality from adverse weather conditions.

A realistic analysis of the distribution of emissions for a MIUS or a conventional utility
system requires the coupling of time-dependent emissions from engine generators, an incinerator,
and an auxiliary boiler with time-dependent atmospheric dispersion characteristics. The results
of such an analysis provide the spatial variation of pollution levels around the stacks with
repsect to the apartment complex and also with respect to the topographical features of an
actual site. A pollution-forecasting model could also be used to evaluate strategies (locations
and times) for using air-sampling stations and to evaluate the effectiveness of pOllution
control devices and dispersion aids (such as taller stacks). The following section presents a
general description of the dispersion-analysis program developed for MIUS air-quality impact
analysis correlations. (Reference 1 contains a more complete description of the dispersion
analysis model and plume rise.)

6.3.2 Description of the MIUS dispersion-analysis program

The 1973 ORNL-MIUS computer program calculates the hourly emissions generated by the
various energy sources. These hourly emissions and the load of the engine generators and
auxiliary boiler, plus the weather data from the U.S. Weather Bureau data tapes, serve as input
to the MIUS dispersion-analysis program. This program performs the following functions:

1. Reads in the emissions and loads for a given hour and the corresponding weather
data - air temperature, wind speed, and wind direction.

2. Determines the stability category from the wind speed and time of day.
3. Calculates the momentum plume rise from the load factor for the engine generators

and auxiliary boiler.
4. Calculates the buoyancy plume rise from the wind speed and air temperature.
5. Determines the dispersion coefficients from the stability category and wind speed.
6. Calculates the downwind concentrations for HC, CO, NO , S02, and particulates vsx

distance and assigns the results to the proper wind direction sector.

6.3.2.1 Emission rates

Hourly emission rates were calculated by the 1973 ORNL-MIUS program from the emission
factors described in Sects. 3.2.5 (engines), 3.4.1 (auxiliary boiler), and 3.7.4 (incinerators).
The engine emission factors were for a diesel engine fueled with No.2 distillate oil, with an
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adjustment factor applied for emissions from a natural-gas-fueled engine. Incinerator emissions
were included for a 2000 lb/hr incineration rate when incineration of solid waste was considered.

The average emission rates of NOx cited in ref. 2 for a 720-apartment Model A MIUS in
Philadelphia are 2.28 g/sec for the two engine generators at 420 kW and 0.19 g/sec for the
auxiliary boiler at 3.3 x 106 Btu/hr heat output, giving a total NOx emission rate of 2.47
g/sec. The comparable results from the Philadelphia hourly weather data for 1955 to 1962 are
2.455 g/sec for the engine generators and 0.02 g/sec for the auxiliary boiler, with no incin
eration. The close agreement between the two totals (2.47 vs 2.475 g/sec) is coincidental;
however, it does indicate similar results in the average emission rate from the earlier analysis,
based on the BIN data method and the current hourly load analysis.

6.3.2.2 Dispersion model

The dispersion model recommended by G. Briggs of the Air Resources Atmospheric Turbulence
and Diffusion Laboratory 3 was used to calculate downwind concentrations from the hourly emission
values of a MIUS and the onsite Model C release. This dispersion model is based on a rectangu
lar plume with dispersion coefficients (based on Pasquill-Meade weather stability categories)
for both urban and rural sites. The main difference in the urban and rural dispersions is that
urban dispersion is increased from the flow around and OVer different size buildings (i.e.,
surface roughness effect) and also from the vertical convection currents from heat released and
reflected in urban areas. The rural dispersion coefficients are for open, flat terrain with no
significant surface roughness effect. The analysis of the air-quality impact of emissions from
a MIUS and from a conventional utility system was performed with the urban dispersion coeffi
cients for urban sites to obtain a more realistic estimate of pollutant concentrations than
would result from rural dispersion. However, dispersion of central electric-generating-plant
emissions from tall stacks was calculated with rural dispersion coefficients, since they are
more suitable for high-level releases.

Downwind concentrations calculated by Briggs's model follow the equation:

x

where
x
Q
u =
h

~, Rz

downwind concentration;
source term, release rate;
wind speed;
effective source height;
rectangular dispersion coefficients in the horizontal and vertical
directions respectively.

This equation applies for all downwind distances greater than the distance at which the
effective source height is equal to the vertical dispersion coefficient Rz' Dispersion results

_from Briggs's urban and rural rectangular plume model have been compared with the more conven
tional Gaussian plume model for 15- and 30-m-high stacks considered for the Model A equipment
buildings. Briefly, the dispersion results from Briggs's rural model are very similar to the

Gaussian plume model results, with two exceptions. The Gaussian plume model has a Gaussian
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distribution both vertically and horizontally across the plume, whereas the rectangular plume
has a uniform concentration across the plume of width and height equal to the dispersion coeffi
cients. Also, the downwind concentration for the rectangular plume model is zero up to the
point at which the vertical dispersion coefficient (half-width of the plume) equals the height
of the plume centerline. By contrast, for the Gaussian model, the downwind concentration is
relatively low but finite at distances less than the distance of the maximum concentration. The
rectangular plume model downwind concentration has a higher maximum that occurs closer to the
stack for urban as compared to rural dispersion; however, the urban downwind concentration is
less than the rural concentration at distances where the rural plume reaches the ground.

6.3.2.3 Effective stack height

The actual stack height plus the plume rise constitute the effective stack height. The
correlations for the buoyancy and momentum plume rise in the hourly dispersion program are from
Briggs 4 and are the same as those used in ref. 2. However, in the hourly dispersion program,
the momentum plume rise is dependent on the load of the engine generators and auxiliary boiler
by adjusting the exit velocity for hourly load variations. A 30-m (~lOO-ft) stack with a 6-in.
diameter was assumed as the base value for the MIUS Model A and Model C conventional utility
equipment buildings.

6.3.3 Impact of MIUS emissions on air guality

6.3.3.1 Air guality results with one 720-unit apartment complex

The MIUS dispersion-analysis program calculates the distribution of emissions in terms of
the annual average and maximum l-hr concentration out to 2000 mwithin 16 wind sectors. Con
centration calculations for five climates were performed with and without incineration effects
included, for the year during which the engine-generator emissions were the highest. The max
imum annual average concentration (MAAC) and the maximum l-hr average concentration (MOAC) are
tabulated in Table 6.5. These results were calculated with diesel-engine emission factors for
the engine generators and natural-gas emission factors for the auxiliary boilers. Therefore,
the results in Table 6.5 represent maximum concentrations from a distillate-oil-fueled MIUS;
with natural-gas fuel, the NOx concentrations should be increased by a factor of 2 and the S02
concentrations decreased by a factor of 430.

The annual average concentration of NOx around the equipment building stacks of a MIUS for
the cases including incinerator emissions are shown in Figs. 6.12 to 6.16 for the five climates
considered. The concentration contours for CO, HC, S02' and particulates follow the same pat
tern as those shown for NOx' with the ratios of the maximum concentrations in Table 6.5 serving
as scaling factors. In all climates, highly localized concentration peaks occur 200 to 250 m
from the stacks. Since the width of a 720-unit apartment complex is about 330 m, some of the
concentration peaks fall within the area of an apar~ment comp)ex. In general, the fewer number
of directions the prevailing wind has (e.g., Dallas in Fig. 6.12), the greater the variation in
area exposed to high and low concentrations. Conversely, the more widely the pollutant is
distributed aZimuthally, such as for Minneapolis in Fig. 6.13, the less variation in concen
tration levels. One can also see from these figures that wind direction variability causes
different concentration distribution patterns in each climate.



Table 6.5. Maximum pollutant concentrations (in ~g/m3) for Model A MIUSa and the conventional
Model C utility systemP with 30-m-tall, 6-in.-diameter stacks

---~

CO HC NOX S02 Particulates
Climate and Model Annual I-hr Annual I-hr Annual I-hr Annual I-hr Annual I-hr

average average average average average average average average average average

Philadelphia (1959)
Model A

With incinerator 0.99 38.5 0.24 21.8 5.86 238 1.04 38.6 0.27 29.1
Without incinerator 0.74 29.8 0.07 3.01 5.71 238 0.92 38.6 0.04 1.60

Model C
Onsite emission 0.026 0.95 0.023 0.85 0.13 4.7 7.8(-4) 0.028 0.025 0.90
Offsite emission 5.6(-6)C 4.7 (-4) 1. 7 (-6) 1.4(-6) 1.2(-4) 9.7(-3) 0.83 (-4) 6.7(-3) 9.0 (-6) 7.6 (-4)

Minneapolis (1955)
Model A

With incinerator 0.81 67.2 0.21 38.0 4.51 274 0.85 44.1 0.24 50.7
Without incinerator 0.58 24.1 0.06 3.49 4.40 274 0.66 44.1 0.04 2.08

Model C
Onsite emission 0.024 1.14 0.022 1.02 0.12 5.69 7.2(-4) 0.034 0.023 1.08
Offsite emission 3.3(-6) 4.7 (-4) 1.0(-6) 1.4(-4) 6.0(-5) 8.4(-3) 0.49(-3) 6.9(-3) 5.3(-6) 7.5(-3)

San Diego (1958)
Model A

With incinerator 0.88 40.3 0.30 22.8 4.39 202 0.73 34.7 0.34 29.1 O'l
I

Without incinerator 0.56 28.0 0.07 5.16 4.36 202 0.71 34.7 0.03 1.98 -l">
<D

Model C
Onsite emission 0.012 0.74 0.01l 0.66 0.060 3.68 3.6(-4) 0.022 0.01l 0.70
Offsite emission 8.7(-6) 4.6(-4) 2.6(-6) 1.4(-4) 1.6(-4) 8.4(-3) 1.4(-4) 6.8(-3) 1.4 (-5) 7.4 (-4)

Dallas (1963)
Model A

With incinerator 1.59 38.7 0.34 21.9 9.30 234 1.67 37.9 0.40 29.2
Without incinerator 1.17 29.5 0.10 3.68 9.06 234 1.47 37.9 0.07 1.60

Model C
Onsite emission 0.02 0.95 0.02 0.86 0.09 4.75 5.4(-4) 0.03 0.02 0.90
Offsite emission 6.1(-6) 5.4(-4) 1.1(-6) 1.0(-4) 1.1(-4) 9.8(-3) 0.9(-4) 8.0(-3) 9.8 (-6) 8.7(-4)

Miami
Model A

With incinerator 1.07 38.7 0.27 21.9 5.72 248 1.06 40.2 0.31 29.2
Without incinerator 0.72 30.7 0.07 4.12 5.52 247 0.89 40.2 0.04 1.63

Model C
Onsite emission 0.014 0.71 0.013 0.64 0.07 3.55 4.2(-4) 0.021 0.013 0.68
Offsite emission 1.4(-5) 5.6(-4) 4.3(-6) 1. 7 (-4) 2.6(-4) 0.010 2.1(-4) 8.3(-3) 2.3(-5) 9.0(-4)

aModel A concentrations for diesel-engine generators. For natural-gas engines, NOX is increased by factor of 2, HC by a factor of 5, and S02
is decreased by a factor of 430.
bModel C onsite emission from a natural-gas-fired auxiliary boiler; offsite emissions from 1975 mix of coal and nuclear electric-generating
plants with 244 m (800 ft) tall stack.

c5.6(-6) = 5.6 x 10-6•
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Fig. 6.12. Annual average NO concentration contours for Model A MIUS emissions in Dallas
(1963). (Stack height = 30 m; sta~k diameter = 6 in.; distillate-oil fuel and incinerator
emissions; contour increment = 0.5 yg/m 3 .)

Considering the variations in spatial distribution of pollutants over the climates, it is
interesting to note that the variation between MAACs is only about a factor of 2 between the
highest concentration, in Dallas, and the lowest concentration, in Minneapolis or San Diego.
This difference in MAACs for NOx is not affected significantly when solid-waste incineration
is included.

The MOACs are higher than the MAACs by factors of 20 to 75, and they show less variation
between climates than do the MAACs. The MOAC generally occurs at about 150 m from the stack
and in a different direction than the MAAC.

6.3.3.2 Contribution of incineration emissions to air guality

With distillate-oil fuel, the major effects of solid-waste incineration on the MAAC are
for HC and particulate pollutants, as would be expected from relative amounts of emissions
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Fig. 6.13. Annual average NO concentration contours for Model A MIUS emissions in
Minneapolis (1955). (Stack heightx= 30 m; stack diameter = 6 in.; distillate-oil fuel and
incinerator emissions; contour increment = 0.25 ~g/m3.)

contributed by incineration (see Sect. 3.9.6). With natural-gas fuel, incineration contributes
most of the S02, so that the MAAC ranges from 0.13 to 0.22 ~g/m3 with incineration and from
0.0016 to 0.0034 ~g/m3 without incineration; the corresponding MOAC is about 18 ~g/m3 with in
cineration and 0.08 to 0.10 ~g/m3 without incineration. Therefore, incineration increases the
MAAC by factors up to 80 for S02 and by factors up to 10 for HC and particulates, with natural
gas fuel. Incineration increases the MAAC for NOx the least of all the pollutants, less than
5%, and does not increase the MOAC. The reason the MOAC for NOx and S02 is unaffected by in
cineration is because the highest short-term concentrations occurred during times of the day
when there was no incineration.

6.3.3.3 Effect of increasing number of apartment complexes

Additional 720-unit apartment complexes increase air-pollution concentrations, depending
on the separation distance between complexes and the azimuthal orientation of the complexes.
For four 720-unit complexes per square mile, the population density used in ref. 1, the min
imum separation distance between equipment buildings is about 700 m. Using this separation
distance, the annual average concentration profiles were over-laid in the direction in which
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Fig. 6.14. Annual average NO concentrations contours for Model A MIUS in Philadelphia
(1959). (Stack height = 30 m; staek diameter = 6 in.; distillate-oil fuel and incinerator
emissions; contour increment = 0.5 ~g/m3.)

MAAC occurs to determine the buildup of concentration from upwind stack releases at the location
of the MAAC. This procedure showed that the effect of upwind releases saturated after four
stacks in line were considered. The MAAC buildup factors (i.e., the ratio of the MAAC with many
apartment complexes to the MAAC for one complex) for the five climates are as follows: San
Diego, 1.26; Miami, 1.23; Philadelphia, 1.14; Dallas, 1.10; and Minneapolis, 1.09. These build
up factors indicate that, with a 700 m distance between apartment complexes, the contribution of
adjacent apartment complex emissions does not add greatly to the MAAC from one apartment complex.
Of course, adjacent apartment complexes will contribute proportionally more, to the total con
centration in areas other than the location of the MAAC than they do to the MAAC. Therefore,
adjacent apartment complexes will tend to homogenize the distribution of annual average con
centrations from what is shown in Figs. 6.12 to 6.16.
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6.3.4 Impact of electrical-thermal utility system emissions on air guality

The impact of conventional utility system emissions differs from that of a MIUS both in
differences in magnitude and in dispersion characteristics. Whereas all emissions from a MIUS
are released onsite (i.e., from stacks of the central equipment building for each 720-unit
apartment complex), conventional utility system emissions are released both onsite and offsite
from fossil-fueled electric-generating plants.* The Model C conventional utility system has

*The annual fossil-fueled-plant emissions for conventional utility systems models are presented
in Sect. 3.9.6. The emissions are based on a mix of fossil- and nuclear-fueled generating
plants for 1975. Removal of S02 is assumed at 85% and removal of particulates at 99% from the
stack gases of the coal-fueled plant.
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Fig. 6.16. Annual average NO concentration contours for Model A MIUS in San Diego (1958).
(Stack height = 30 m; stack diamet~r = 6 in.; distillate-oil fuel and incinerator emissions;
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the least amount of offsite emissions and, for this study, is assumed to have the same stack
height (30 m) for its district-heating-system equipment building as does the Model A MIUS.
The onsite releases from the remaining conventional utility systems, Models D, E, and F, are
from individual building vents which are essentially at building height. The all-electric
versions of Models D and F have only offsite emissions since all the power is from offsite
electricity.

6.3.4.1 Impact of Model C conventional utility system relative to Model A MIUS

Pollutant concentrations from onsite Model C emissions were calculated with the same
computer programs used for the Model A MIUS. The resulting MOAC and MAAC for the five climates
and natural-gas-fired boilers are shown in Table 6.5. The distributions of pollutants around
the MAAC for Model C onsite emissions were essentially the same as for the Model A MIUS distri
bution in Figs. 6.12 to 6.16.

The offsite concentrations in Table 6.5 were determined by combining the concentration
distribution calculated for a unit release rate from a central electric plant having an 800-ft
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stack with the annual average emission rate corresponding to the Model C utility system elec
trical load for a 720-unit apartment complex. The calculated concentration therefore includes
the effect of hourly weather variations on dispersion rates, but not on emission rates, from
hourly load changes.

The concentrations from offsite Model C emissions listed in Table 6.5 are the maximum
values within the wide area affected by dispersion from an 800-ft stack. Offsite emissions
had no ground-level concentrations out to about 9 miles from a plant, and then the concentra
tions varied by a factor of about 4 within the next 15 miles from the plant. Therefore, the
offsite concentrations in Table 6.5 represent the magnitude of concentration increase over
several hundred square miles caused by the addition of a 720-unit apartment complex served by
a Model C conventional utility system.

Comparing the concentrations from onsite and offsite emissions of the Model C system,
one sees that, for one 720-unit apartment complex, the offsite concentration contribution
relative to the onsite concentration is essentially negligible except for 502. Table 6.6
shows the ratio of the MAAC for Model A MIU5 to Model C conventional utility system serving
one 720-unit complex with natural-gas fuel and no incineration of solid waste. All pollutant
concentrations decrease when Model C is compared with Model A, with the greatest decrease in
the MAAC for NOx and the smallest decrease for particulates. Warm climates such as Dallas and
Miami have the highest ratio of Model A to Model C concentrations, and a cold climate such as
Minneapolis has the lowest concentration ratio.

Table 6.6. Ratio of the MAAC from Model A MIUS with natural-gas
fuel to Model C conventional utilitiesa

Pollutant Philadelphia Minneapolis Miami Dallas San Diego

CO 28.5 24.2 51.4 58.5 46.7
HC 15.2 13.7 27.8 25.0 32.4
NOx 87.8 73.4 158 201 145
S02 2.50 2.02 4.72 5.43 4.42
Particulates 1.62 1. 74 3.01 3.50 2.63

apollutant concentrations are for one 720-unit complex with 30-m tall, 6-in.
diam stacks; no incinerator emissions were included.

As more 720-unit complexes served by a Model C utility system are added, the offsite
concentration contribution attributable to the apartment complex load builds up linearly,
whereas the onsite MAAC buildup saturates with about four complexes. For NOx' CO, HC, and
particulates, the offsite concentration increment is so low that MAAC ratios in Table 6.6
are essentially the same with 100 apartment complexes as with 1 complex. (The largest change
in the MAAC ratio in Table 6.6 for 100 apartment complexes is for NOx in Miami, from 158 to
115.) For 502, however, the Model A to Model C MAAC ratio continues to decrease as more apart
ment complexes are added. The 502 MAAC from a Model C system and Model A MIU5 is approximately
the same for a number of apartment complexes, ranging from 10 in Miami to 35 in Dallas. With
100 apartment complexes, the Model A to Model C MAAC ratio for 502 drops to 0.12 in Miami and
0.39 in Dallas. If distillate-oil fuel is used onsite, however, the offsite concentration
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contribution is negligible compared to the onsite concentration. Therefore, the Model A to
Model C MAAC ratio for 502 in Table 6.6 applies for a buildup of more than 100 apartment com
plexes.

From these comparisons between the maximum concentrations from the Model C conventional
utility system and the Model A MIU5, the air-quality impact from the Model C is less than from
a Model A MIUS (especially for NOx)' except for S02, with a large buildup of apartment com
plexes served by the same fossil-fueled central electric-generating plant.

6.3.4.2 Impact of Model E conventional utility system relative to Model A MIUS

In terms of air-quality impact, the Model E conventional utility system causes the great
est air-quality impact of the conventional utility system Models C, D, E, and F. The reasons
for this effect are (1) the onsite emissions from the Model E system are greater than from the
other conventional models; and (2) the Model E dispersion of onsite emissions from individual
building roof vents is unfavorable compared with Model C's central equipment building stack.
The individual building vent releases result in a uniform area source because rooftop emissions
downwash around the buildings to a significant degree for buildings with essentially no stack
height and low aspect ratios. Therefore, the pollutant concentrations from onsite emissions
of Model E were analyzed using an area-source dispersion model as opposed to the elevated
point-source model for Model A MIUS and Model C conventional systems.

The area-source dispersion model used for Model E onsite emissions was the ATDL* urban
area-source dispersion mode1. 4 With this model, the annual average pollutant concentrations
were calculated within a 1/4 sq mile area (1/2 mile on a side) incorporating one 720-unit
complex, assuming an average wind speed of 5 m/sec, uniformly distributed, and a uniform emis
sion rate based on the annual average emission totals. This calculation did not include the
effects of hourly load changes or the local wind direction variability of different climates.

The annual average pollutant concentrations from Model E onsite emissions from natural
gas-fueled water heaters and space heaters were calculated (in ~g/m3) for Philadelphia: CO,
0.39; HC, 0.35; NOx' 1.94; 5°2, 0.011; and particulates, 0.37. These concentrations are
approximately 15 times higher than the MAAC from Model C onsite emissions given in Table 6.5.
Using the ratio of onsite emissions in the other climates to that in Philadelphia (from Sect.
3.9.6), the ratio of the annual average concentration from Model E onsite emissions in each
climate to that in Philadelphia is: Minneapolis, 1.28; Dallas, 0.60; and Miami and San Diego,
0.36.

The average concentration from onsite emissions of a Model E continues to build up as
more 720-unit complexes are added adjacent to each other. The buildup effect was evaluated
with the ATDL dispersion model by Hanna;4 onsite concentration increased by a factor of 2.0
with 16 apartment complexes and by a factor of 3 with 80 complexes.

The effect of increasing Model E concentration from onsite and offsite emissions with an
increasing number of 720-unit complexes was calculated in terms of the ratio of MAAC for Model
A MIUS to the annual average concentration for the Model E sy~em in Philadelphia. Figure
6.17 shows this concentration ratio result with natural-gas fuel for Models A and C for up to

*ATDL - Atmospheric Turbulence and Diffusion Laboratory - National Oceanic and Atmospheric
Administration, Oak Ridge, Tenn.
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E conventional utility system vs the number of apartment complexes for Philadelphia.

100 adjacent apartment complexes, each occupying 1/4 sq mile. The HC, S02, and particulate
concentrations for the MIUS are less than the Model E system concentrations for any number of
apartment complexes; for CO, the MIUS concentration is less than the Model E concentration
with greater than 20 adjacent apartment complexes. S02 is the only pollutant for which the
offsite emission concentration adds significantly to the Model E concentration with an increas
ing number of apartment complexes.

The MIUS Model A to Model E concentration ratio for Minneapolis is less than the ratio
for Philadelphia, whereas for Dallas, Miami, and San Diego, the ratio is progressively higher.
However, the concentration ratios for S02 and particulates in Dallas, Miami, and San Diego are
always less than unity, so the Model E concentrations of S02 and particulates for all climates
are greater than the MIUS concentrations.
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In summary, the Model E conventional utility system pollutant concentrations are closer
to the Model A MIUS maximum concentrations than to any of the other conventional utility
models - C, 0, or F - serving 720-unit apartment complexes.

6.3.4.3 Impact of all-electric Model 0 conventional utility system relative to Model A MIUS

The all-electric version of the Model 0 conventional utility system was chosen for the
final comparison with the Model A MIUS because this conventional system has the lowest elec
tricity consumption of the all-electric utility models considered. Therefore, for most pol
lutants, the Model 0 causes the lowest pollutant concentrations of all the conventional
utility system models, since all the emissions are widely dispersed from offsite generating
plants.

The pollutant concentrations from a nO-unit complex served by an all-electric Model 0
system were estimated in the same manner as the concentrations from offsite emissions of the
Model C system. Thus, the annual average electricity consumption for Model 0 (from Sect.
3.9.5) was converted to annual average emission rates, which were then converted to MAACs,
using the concentration distributions calculated for an 800-ft stack and plume rise from a
1000-MW(e) coal-fueled plant. The emission factors used to convert kilowatt-hours of elec
tricity consumption to emission rates were for the 1975 mix of fossil- and nuclear-fueled
electric-generating plants.

The ratio of the MAAC from Model A MIUS to the MAAC from an all-electric Model 0 system
serving one 720-unit apartment complex is shown in Table 6.7 for the five climates considered
in this study. The concentration ratios for the all-electric Model 0 system increase by
factors between 102 and 104 over the concentration ratios for the Model C system (see Table
6.6) for all pollutants except S02' The highest ratios in Table 6.7 are for Dallas, caused by
the high MAAC from the Model A MIUS; the lowest ratios are for Miami, caused by a high MAAC
from the Model 0 system.

Table 6.7. Ratio of the MAAC from Model A MIUS to all-electric Model D
conventional system for one 720-unit complexa

Pollutant

CO
HC
NOx
S02
Particulates

Philadelphia Minneapolis Miami Dallas San Diego

6.5l(+4)b 7.85(+4) 3.20(+4) 11.1 ( +4) 3.94(+4)
10.3(+4) 13.6(+4) 5.20(+4) 26.0(+4) 8.25(+4)

4.92(+4) 6.62(+4) 2.72 (+4) 9.57(+4) 3.42(+4)
12.8 14.2 6.27 22.1 7.88
0.22 (+4) 0.339 (+4) 0.111 (+4) 0.416(+4) 0.132(+4)

aModel D emissions are from the 1975 mix of fossil- and nuclear-fueled
electric-generating plants. Model A MIUS concentrations are from 30-m-tall,
6-in.-diam stacks, natural-gas fueled, with no incineration emissions.

b6.51(+4) = 6.51 x 104 •
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Since the all-electric Model D concentrations are caused entirely by offsite emissions,
the Model D concentrations build up linearly as more apartment complexes are added in the same
area. Therefore, the ratio of concentrations from the Model A MIUS to the all-electric Model
Dconventional system decreases by a factor equal to the number of apartment complexes. For
example, with 100 apartment complexes in Miami, the concentration ratios in Table 6.7 drop to
0.063 for S02 and 272 for NOx' Thus, with 100 apartment complexes built in the same area, the
Model A MIUS concentrations of CO, HC, NOx' and particulates are 10 to 3000 times higher than
concentrations from an all-electric Model Dutility system. For S02' however, the conventional
Model D system has annual average concentrations in Miami up to 0.033 ~g/m3, which is 16 times
the MAAC from the Model A MIUS.

6.3.5 Application of air-pollution-control techniques

As has been demonstrated in the preceding sections, the contribution of MIUS emissions to
ambient-air-quality levels can be greater in some instances than those from central power
stations. Although the MIUS contribution does not by itself create ambient-air-quality levels
that exceed Federal Air Quality Standards (FAQS), the combination of MIUS emissions with ex
isting background levels of pollutants could result in infringement upon these standards. An
investigation of the relationship between existing levels of air pollution at various locations
across the country and MIUS emissions is presented later in this report (Sect. 6.4); however,
it is well to mention at this point those aspects of air-pollution control that can be employed
to improve the effluent quality of the MIUS exhaust.

Currently there are three strategies that can be employed to reduce atmospheric emissions
from a MIUS facility. The first involves the redesign and/or modifications of existing com
ponents to reduce their potential for pollution generation. The second strategy achieves
reduction by the selective use of fuels that have either been refined to remove contaminants
or are of a more highly combustible quality. The final strategy uses add-on cleanup devices
to remove pollutants from the exhaust-gas stream. Of the three control options, the first two
are in varying stages of development or implementation and, as such, are not readily available
for current MIUS components. The latter option appears to be the most expedient with respect
to a commercially available means of reducing pollution from MIUS installations.

As the MIUS installation is now envisioned, there exist three potential sources of atmo
spheric pollution: (1) prime movers, (2) incinerator, and (3) auxiliary boilers. Rather than
attempt to discuss all the possible MIUS components, their pollutants, and the various methods
of limiting the release of pollutants, Table 6.8 has been constructed to present these aspects
for the most likely components.

Internal-combustion engines emit some concentration of all five pollutants presented in
Table 6.8. Of these pollutants, three - carbon monoxide, hydrocarbons, and organic particulates
- can be reduced by the installation of a catalytic muffler. The Oxy-Catalyst Company claims
to have developed a cartridge unit that can be bolted onto the exhaust manifold of either the
diesel- or the gas-engine generators. Manufacturer's specifications claim that, under optimum
conditions, the muffler will eliminate the following percentages of harmful gases from diesel
exhaust.

Nitrogen oxi des
Carbon monoxide
Formaldehyde (odor)
Hydrocarbons

10%
90%
95%
92%
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Table 6.8. Compilation of equipment types commercially
available for emission control for MIUS subsystems

Source
CO HC

Major pollutants
NOx Particulates S02

Prime movers
Diesel engine
Gas engines

Incinerator
Two-stage

Auxiliary boilers
Oil-fired
Gas-fired

Ca
C

C
C

b
b

b

b
b

C,FC

C,F

F Sd,

F
F

b
b

b

b
b

I.J

aC = catalytic control devices.
bControls currently not commercially available.
cF fabric filter systems.
dS = liquid scrubbing system.

Aerosols and organic particulates are assumed to be combusted as successfully as are the hydro
carbons. Sulfur oxides would not be retained or converted on the catalytic material except in
the undesirable event that the sulfur compounds combine with the catalyst and thus reduce its
effective life (poisoning of the catalyst). Some reduction in the concentration of nitrogen
oxides by the catalytic material is reported, but this reduction is so small as to be insig
nificant as a control measure. It is proposed that some type of fabric filter system (90%
efficiency) be combined with the catalytic muffler to ensure retention of inorganic particulates
and the components of the muffler, which may yield to attrition.

In the future, these internal-combustion engines may be replaced by Stirling engines and/or
the coal-burning fluidized-bed gas turbines. Both these prime movers offer an inherent potential
for low pollution production. The Stirling engine employs an open-flame combustor to provide
the energy of operation, and with the progress that is currently being made in combustor design,
the pollutant emissions from this engine type should be quite low. To produce low levels of
pollutants, the coal-burning fluidized-bed combustor uses a combination of low combustion tem
perature to limit NOx' excess air to limit CO, and reaction with limestone to remove sulfur.

Two-stage incinerators are currently the most acceptable solid-waste-disposal units on
the market. The multichamber approach for pollution control reduces the particulate, hydro
carbons, and carbon monoxide levels in the exhaust-gas stream by providing a second heated
chamber which allows settling of heavy particulates and more complete combustion of organic
gases. As in the case of the prime movers, a fabric filter system can be installed in the
exhaust-gas stream to ensure 90% particulate control. Scrubbing units are also available for
these incinerator models, but their use introduces a solids-handling problem for the MIUS
liquid-waste-treatment plants which should be avoided. Also, unless there is a desire to
introduce scrubbing fluids other than water into the system (for the purpose of removing S02
and NO ), there are no means available for controlling S02 and NO emissions from the incin-x x
erator.

The fluidized-bed and molten-salt incinerators might eventually replace the two-stage
incinerator. These types of incinerators generate fewer pollutants by their very design. If
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such units become commercially available, the only necessary control device would be a partic
ulate filter system: the bed of the incinerator will retain the sulfur oxides, nitrogen
oxides, carbon monoxide, hydrocarbons, and organic particulates.

Other sources of atmospheric pollution from the MIUS subsystems are from auxiliary boilers.
Because of their open-flame mode of combustion, both the oi1- and gas-fired boilers produce
relatively small amounts of nitrogen oxides, and, in this respect, they would probably not re
quire any control devices for those pollutants. The sulfur oxide emissions, as in the case of
the prime movers and the incinerator, can be reasonably reduced only by providing fuels low in
sulfur compounds. The remaining pollutants, carbon monoxide, hydrocarbons, and organic partic
ulates, can best be controlled by proper operation and maintenance of the boiler burners. The
small amount of inorganic particulates (and possibly some soot) generated in the boiler can be
controlled by a fabric filter system of the type used for the incinerator. Depending on the
operation of the auxiliary boiler and the type of fuel, the particulate control system may not
be necessary. The proposed boiler system appears to be as advanced in pollution control as
any that is currently available or projected for the future.

Assuming that it is either required or desirable to attempt a reduction in the level of
pollutants from a MIUS installation, the first step that must be undertaken is the determination
of those pollutants to be reduced. The second step is to ascertain if these pollutants can be
controlled and, if so, to what degree. The final step in this process is to calculate the
effectiveness of the control measures in improving some aspect of the local air quality (e.g.,
MAAC or MOAC).

Earlier in this section (Sect.6.3.4), the impact of thermal-electric utility system emis
sions on air quality, for MIUS and several conventional models, was evaluated. Since comparisons
of these systems have already been investigated and evaluated, it is relatively simple to
extend these discussions to include the application of control equipment to Model A MIUS and
to assess sUbsequent impacts on air quality.

Examination of Tables 6.6 and 6.7 indicates that the ratios of Model A MIUS to Model C
and Model D conventional utility systems for the MAAC of pollutants are many times greater
than those of the conventional systems, in most instances. In these examples, since the MAAC
for Model A MIUS is always in excess of the two conventional systems, a reduction in the level
of any pollutant would favorably affect the comparison for Model A MIUS.

Referring to Table 6.8, the pollutants that can be most successfully controlled in the
MIUS system are the hydrocarbons, carbon monoxide, and particulates. These pollutants can be
reduced by the use of catalytic mufflers and fabric filters; therefore, the application of
control equipment for these three pollutants would effectively reduce their individual con
centrations in the exhaust gas by at least 90%. A reduction of 90% would result in the MAAC
ratios presented in Tables 6.9 and 6.10 for Model A MIUS to conventional Models C and D respec
tively. These tables show that the addition of pOllution-control devices to Model A MIUS
dramatically reduces the ratio of the MAAC for carbon monoxide, hydrocarbons, and particulates.
A reduction of this type would be quite appropriate for Model A MIUS in locales where these
three pollutants severely affect environmental air quality. This demonstrated capacity to
curb a portion of the total emissions could be quite beneficial in providing latitude for
siting a MIUS installation in heavily polluted areas or in locations where the air quality is
approaching the maximum acceptable level.

As mentioned earlier in this section, the technology is not currently available that
would allow substantial reductions in the level of nitrogen oxides from internal-combustion
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Table 6.9. Ratio of the MAAC from Model A MIUS with natural-gas
fuel and appropriate control equipment to Model C

conventional utilities

Pollutant Philadelphia Minneapolis Miami Dallas San Diego

COa 2.85 2.42 5.14 5.85 4.67
HCb 1.22 1.10 2.22 2.00 2.59
NOx 87.8 73.4 158 201 145
S02 2.50 2.02 4.72 5.43 4.42
ParticulatesC 0.16 0.17 0.30 0.35 0.26

aAssumes 90% control.
bAssumes 92% control.
cAssumes 90% control.

Table 6.10. Ratio of the MAAC from Model A MIUS with appropriate
pollution-control equipment to all-electric Model D

conventional system for one 720-unit complex

Pollutant Philadelphia Minneapolis Miami Dallas San Diego

COa 6.51 (+3)d 7.85 (+3) 3.20(+3) 11.1 (+3) 3.94(+3)
HCb 8.24(+3) 1.09(+3) 4.16(+3) 2.08 (+3) 6.60(+3)
NOx 4.92(+4) 6.62(+4) 2.72(+4) 9.57 (+4) 3.42(+4)
S02 12.8 14.2 6.27 22.1 7.88
ParticulatesC 0.22(+3) 0.339(+3) 0.111 (+3) 0.416 (+3) 0.132 (+3)

aAssumes 90% control.
bAssumes 92% control.
cAssumes 90% control.
d6 •51 (+3) = 6.51 x 10 3.

engines. One manufacturer of a catalytic muffler claimed a 10% reduction in NOx' but this was
too small to make a significant effect.

Significant reductions in the sulfur oxide emissions from Model A MIUS internal-combustion
engines can be accomplished by using low-sulfur fuels or by adding scrubbing systems for ex
haust-gas cleanup. The merits of the first means of reduction are obvious and are also
practicable because liquid distillate fuels with sulfur contents less than 0.1% are being
produced to meet state air regulations for large oil-fired boilers. The second sulfur control
option has been applied mainly to electric-generating and sulfuric-acid-manufacturing plant
cleanup, both of which are much larger than any proposed MIUS installation. Currently, the
use of low-sulfur liquid distillate fuel is the most promising method of controlling sulfur
oxide emissions from MIUS engines when natural-gas fuel is unavailable.
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6.3.6 Summary and conclusions

The air-quality impacts of emissions from MIUS and conventional utility systems have been
analyzed for apartment complexes containing 720 garden apartments located in five climates 
Philadelphia, Minneapolis, Miami, Dallas, and San Diego. The effect of buildup from 1 to 100
apartment complexes on the air-quality impact was also considered for both MIUS and conventional
utility systems.

Before discussing the results of these analyses, it may be well to elaborate on the
rationale used to assess the impact of increasing numbers of apartment complexes served by a
conventional utility system. The goal of this assessment was to determine the air-quality
impact from emissions generated in supplying utility services in response to consumer demands
over a wide range of apartment complex installations in a contiguous area. For a MIUS appli
cation, this assessment is straightforward since the utility installations proceed at the
same pace as the consumer demand. For a conventional utility system with 1000-MW(e) (or
larger) central electric-generating plants supplying the electricity demand, the impact of
emissions from such large plants must be proportioned on the basis of the electricity demand
and the emission characteristics of plants within the electric utility grid. In this study,
we assumed that (1) the apartment complexes were located where the annual average pollutant
concentration from a coal-fueled electric-generating plant was the highest (within 10 to 20
miles of the plant); and (2) the emission characteristic was for the assumed 1975 mix of 52%
fossil-fueled and 48% nuclear-fueled plants. Therefore, the pollutant concentrations from
electricity generation increase linearly with electricity consumption as more apartment com
plexes are constructed, but the concentrations increase only by the fraction of plants that
are fossil-fueled.

Stack heights of 30 m (~100 ft) were assumed for release of Model A MIUS emissions and
the onsite emissions from a conventional Model C system, also a district heating and cooling
system. With such a stack height, maximum annual average concentrations occur within 200 m from
the stack, with concentrations decreasing by an order of magnitude within 400 to 500 m from
the stack. Fossil-fueled central electric-generating plants release most of the emissions for
the conventional utility systems from a tall (800-ft) stack. Hence, most of the emissions
from conventional utilities are dispersed over a wide area compared with very localized dis
persion patterns from the onsite release of Model A MIUS and the Model C conventional system.

The MAAC represents the highest air-quality impact in the immediate area of the apartment
complex over the long term. For the five climates considered, the ratio of the MAAC for Model
A MIUS to the Model C conventional system, using natural-gas fuel, ranges as follows:

Model A MIUS to Model C conventional system MAAC ratio for:
CO HC NOx S02 Particulates

25-60 14-32 75-200 2-5.5 1.5-3.5

The lowest ratios occurred in a cold climate such as Minneapolis, whereas the highest ratios
occurred in a hot climate such as Dallas. The concentration contribution from the offsite
electric-generating plant is insignificant compared to the onsite Model C concentration con
tribution for all pollutants except S02' Equivalent S02 concentrations occurred with Model A
MIUS and Model C conventional systems, if 10 to 40 apartment complexes were constructed adja
cent to each other. For 100 apartment complexes, the ratio of Model A to Model C for S02
ranges from 0.1 to 0.4.
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The Model E conventional utility system causes the highest conventional system pollutant

concentrations from the release of individual building boiler emissions through short stacks,
which results in essentially ground-level dispersion. The ratio of Model A MIUS to Model E
maximum concentrations ranges from 0.8 to 6 for NOx ' 0.1 to 2 for HC and CO, and 0.015 to 0.25
for S02 and particulates, with the lower values representing 100 apartment complexes. There
fore, the air-quality impact of the Model E conventional utility system is equivalent to or
greater than that of Model A MIUS for all pollutants except NOx '

In those instances where reductions in the MIUS emissions (from those of the reference
systems and from those analyzed in detail) would be necessary, several strategies are available
to handle the problem. The strategies rely (1) on substitution of low-pollution equipment, (2)
the use of better quality fuels (low in potential pollutants), or (3) the installation of emis

sion-abatement equipment. The unavailability of improved equipment and fuels severly limits
the use of the first two strategies for MIUS application. The third strategy as yet is not
capable of reducing all potential pollutants for the MIUS subsystems; however, significant reduc

tions can be made for certain pollutants. The most readily controlled pollutants are CO, HC,
and particulates, which can be reduced by 90% in the exhaust-gas stream.

If control equipment were applied to a MOdel-A-type MIUS, the results would be a substan
tial reduction in the total amount of exhausted CO, HC, and particulate pollutants. The
magnitude of this effect is most obvious when the ratios of Model A MIUS to several conventional
utility systems are adjusted to account for emission-control equipment.
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6.4 IMPACT OF MIUS EMISSIONS ON AIR QUALITY AT SELECTED URBAN AND RURAL LOCATIONS

Air-quality contributions from MIUS thermal-electric equipment operation (engines, in
cinerator, and auxiliary boiler) serving a 720-unit apartment complex in a Philadelphia climate
are compared with existing air-quality limits to evaluate the impact of such emissions on human

health and safety. In this evaluation, general air-quality impacts are treated, including the

influence of selected urban and rural air-quality levels from EPA monitoring programs. The
evaluation also considers the impact of adverse weather conditions on air quality.

6.4.1 Air-qual ity data

Air-quality data from selected urban and rural locations within the continental United
States have been presented in Table 4.2. These data were obtained from the Continuous Air
Monitoring Program (CAMP) and the National Air Surveillance Network (NASN) of the Environmental

Protection Agency. Two urban locations and one rural location were selected from each regional
section listed in Table 4.2 and compiled into Table 6.11. The values presented in Table 6.11

represent baselines which are added to calculated concentrations of MIUS pollutants.
A summary of maximum ground-level concentrations of particulates, sulfur oxides, nitrogen

oxides (NOx)' carbon monoxide (CO), and hydrocarbons (HC) are presented in Table 6.12 for a MIUS
serving a 720-unit complex in a Philadelphia climate (Sect. 3.9). The maximum annual average
concentration (MAAC) and maximum l-hr average concentration (MOAC) are taken from the results of
the hourly load and dispersion analysis in Sect. 6.3 for distillate oil (0.3 wt %sulfur) and

natural-gas fuels plus incinerator emissions. The physical stack height for these calculated

results is 30 m (~100 ft).
Table 6.12 also includes maximum ground-level concentrations resulting from the "nocturnal

inversion breakup fumigation" condition. In ref. 1, pollutant concentrations during adverse
meteorological conditions such as nocturnal and elevated inversions were calculated for average
MIUS emission rates without incinerator emissions and a l5-m (~50-ft) stack height. The noc
cturnal inversion condition resulted in the highest ground-level concentrations. Incinerator
emissions are not included in the nocturnal inversion calculation because it was assumed that a
MIUS incinerator was not operating when the nocturnal inversion layer builds. Maximum inversion
concentratiqns (MIC) released from a 30-m stack are approximately one-half the maximum concen
trations for a l5-m stack. 1

Primary Federal Air Quality Standards (FAQS) for the primary combustion pollutants are
also listed in Table 6.12 for comparison with maximum MIUS concentrations. Annual average
concentration standards exist for particulates, S02, and NOx; shorter-term (1-, 8-, or 24-hr)
average concentration standards are also listed for comparison with the MOAC and MIC values for

MIUS. The MIC values in Table 6.12 are higher than the MOAC values for all pollutants except
particulates and hydrocarbons, for which the incinerators emissions contribute significantly
to the MOAC (Sect. 6.3).
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Particulates, )lg/m3
Annual geometric mean 75 195 122 25 90 82 31 102 96 51 122 82 50 62 32

Sulfur oxides, ~g/m3
Annual arithmetic mean 80 106 106 7 15 19 7 6 6 26 8 rJ; 7 21 Ol

1
Ol

Nitrogen oxides, ~g/m3 "
Annual arithmetic mean 100 120 100 54 164 165 34 84 61 32 80 131 46b .153 60 22

Carbon monoxide, mg/m3
Maximum 8-hr concentration 10 6.4 3.7 5.9 4.4a

Hydrocarbons, ~g/m3

Maximum 3-hr concentration 160 1333 1533 1733

aFor the year 1970.

bFor the year 1968

aVa1ues represent geometric means for the period 1962-1967.



6-68

Table 6.12. MAAC, MOAC, and MIC of pollutants from
oil- and natural-gas-fueled MIusa

Primary
Federal Oil fueled Gas fueled

Pollutant Air Quality MIUS MIUS
Standards

3
Particulates, )lg/m

MAAC 75 0.27 0.27
MOAC 260 29 29

(24-hr av)
MIC 7.4 7.4

Sulfur oxides, )lg/m3

HAAC 80 1.04 0.12
MOAC 365 38.6 18

(24-hr av)
HIC 77 0.18

Nitrogen oxides, )lg/m3

MAAC 100 5.9 11.5
MOAC 238 476
MIC 390 780

3Carbon monoxide, )lg/m
MAAC 10,000 1 1

(8-hr av)
MOAC 40,000 39 39
MIC (l-hr av) 43 43

3Hydrocarbons, )lg/m
MOAC 160 22 33

(3-hr av)
,MIC 4.7 23

aMAAC and MOAC values include incinerator emissions; MIC values do
not include incinerator emissions. Values are for Philadelphia climate
and 30-m stack heights.

6.4.2 Air-quality impacts

The air-quality contribution of MIUS emissions from a 30-m-tall stack in a Philadelphia
climate* is presented in Table 6.12 in terms of the MAAC, the MOAC, and the MIC during noc
turnal inversion breakup fumigation dispersion conditions. The pollutant concentration levels
are compared in this section with the applicable FAQS, urban pollutant levels in Philadelphia
and other cities, and in selected rural locations.

6.4.2.1 Particulates

The annual average level of particulates in many urban areas of the country is near or
exceeds the maximum concentration allowed by the FAQS. The major reason for such unacceptable

*Concentration results for a Philadelphia climate were chosen as representative of typical MIUS
emission rates. Section 6.3 presents more detail on variations of MIUS maximum concentrations
in different climates and shows that the maximum concentrations differ by approximately a factor
of 2 among the climates considered.
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levels in urban locations is the concentration from industrial sources, space heating and
electrical generation with coal, and improper solid-waste incineraton. However, particulate
levels reported for rural locations indicate that natural background can also constitute
a significant percentage (up to 50%) of urban pollution. Removal of the background contribution
would place many urban locations within the federal standard.

Particulate emissions from a MIUS installation would have little effect on either urban
or rural pollution levels. The MAAG of particulates from an oil- or gas-fueled MIUS with an
incinerator represent less than 0.5% of the annual FAQS, 75 ~g/m3. Additionally, the MOAG for
MIUS is less than 12% of the 24-hr average FAQS.

If the present unacceptable levels of urban particulate pollution are traced to ineffi
cient or improperly operated space heating and solid-waste incineration equipment, the substi
tution of a MIUS for these services would reduce the particulate burden of these locations.

6.4.2.2 Sulfur oxides (S02)

Pollutant levels of S02 in several northeastern urban areas are close to or above the
primary FAQS; these levels had been decreasing through 1973 because high-sulfur-content fuels,
that is, coal and crude oil, had been replaced with low-sulfur-content distillate oil and
natural gas, at the stationary power plants. The maximum contribution of MIUS emissions to
local S02 concentrations is less than 0.15% and 1.3% of the annual FAQS (80 ~g/m3) with natural
gas and distillate-oil fuels respectively. Also, the MIG with distillate-oil fuel is about
20% of the 24-hr FAQS. Therefore, the impact of MIUS S02 em'issions would be insignificant
with natural-gas fuel in urban or rural locations; with distillate-oil fuel, the MIUS contri
bution would be significant only in highly localized rural areas, but would be well below the
FAQS.

C.4.2.3 Nitrogen oxides (NOx)

As pointed out in Sect. 3.9.6, NO constitute the major class of pollutant emitted fromx '
MIUS operation. The survey of NOx concentration levels in urban areas (Table 6.11) indicates
that many areas appear to exceed the primary FAQS of 100 ~g/m3 annual average concentration.*
The NOx emissions may present a dilemma with respect to the desirability of a MIUS in an urban
setting. However, the importance of NOx in the atmosphere is related to the formation of
photochemical oxidants and not necessarily direct epidemiologic effects. For this reason,
there is not as yet a maximum short-term standard for NOx' The calculated MIG of 780 ~g/m3 is
well below the l-hr average significant harm level of 3750 ~g/m3 reported to cause human health
effects (Sect. 4.3). The MAAG for the oil-fueled MIUS is approximately 5% of the annual FAQS,
and the gas-fueled MIUS value is approximately 12% of the standard. Therefore, with the ex
ception of those locations known to have a photochemical pollution problem, the contribution
of MIUS NOx emissions is not likely to cause any significant harm.

*The EPA determined in 1973 that the standard NO analytical procedure, the Jacobs-Hochheiser
procedure, overestimated the NOx concentration;xthus , the reported NO values are high by some
undetermined amount. x
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6.4.2.4 Carbon monoxide (CO)

The previous discussion of CO effects (Sect. 4.3) indicated that annual average concen
trations were not a true measure of the toxicity of this pollutant. The most significant unit
of measure is the short-term high-level concentrations known to cause drowsiness and other
lethargic responses and strain on the heart and lungs. The maximum allowable 8-hr and 1-hr
concentrations of 40 mg/m3 (35 ppm) and 10 mg/m3 (9 ppm), respectively, are well below the 55
mg/m3 (50 ppm) CO concentration which is the lowest reported to show an effect.

From the limited data available in Table 6.11, the annual average concentrations of CO
are seen to range from 3.7 to 6.4 mg/m3. The values for these urban areas are below FAQS. The
comparison between short-term standards and annual average concentrations is not very meaningful.
For this reason, Table 6.13 has been compiled from EPA CAMP data to present maximum reported
values of CO from selected urban locations.

Table 6.13. Maximum CO concentrations reported for CAMP
stations in urban locations (1970)

Location

Chicago, Ill.
Cincinnati, Ohio
Denver, Colo.
Philadelphia, Penn.
St. Louis, Mo.
Washington, D.C.

Concentration (mg/m3)

30
21
52
26
25
39

Source: Letter from Gerald G. Aklund, Chief of Office of
Statistical Services, Quality Assurance and Environmental
Monitoring Laboratory, EPA, to Robert E. Gant, Oak Ridge National
Laboratory, Subject - Air Pollution Data from CAMP Stations,
May 4, 1973.

The maxima reported in Table 6.13 indicate that Denver, and possibly Washington, are the
locations most likely to violate the 1-hr FAQS. The MOAC of CO from the oi1- and gas-fueled
MIUS represents less than 0.1% of the short-term FAQS.

From the data in the three preceding tables, it is ·conc1uded that the MIUS CO impact on
community air quality would be insignificant in comparison with existing FAQS and urban com
munity levels.

6.4.2.5 Hydrocarbons (HC)

The complex nature of urban HC levels and the FAQS make interpretation of the MIUS emission
status difficult. The FAQS of 160 ~g/m3 applies only to the 6:00 to 9:00 AM time period. The
reported annual average ambient HC concentration (Table 6.11) for all urban locations was
approximately an order of magnitude higher than that specified by the FAQS.

As in the case of CO, the MOAC for HC emissions is the most meaningful estimate of MIUS
impact on community air quality. The MOAC from both an oi1- and a gas-fueled MIUS was calcu
lated to be 22 ~g/m3, which is 14% of the FAQS and less than 0.02% of the levels reported for
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urban areas. Thus, it is unlikely that MIUS contributions can significantly affect local
community air quality. In the event that orban locations attain the primary FAQS, the MIUS
contribution can be manipulated to further reduce HC emissions by including an exhaust-gas
catalytic converter or by altering incineration cycles with respect to the 6:00 to 9:00 AM
time period.

REFERENCES FOR SECTION 6.4

1. L. Breitstein and R. E. Gant, MIUS Systems Analysis - Effects of Unfavorable Meteorological
Conditions and Building Configurations on Air Quality, ORNL/HUD/MIUS-29, Oak Ridge National
Laboratory, Oak Ridge, Tenn., February 1976.
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6.5 INDEX OF ENVIRONMENTAL IMPACTS

There is a recognized need for a common unit of measure to quantify environmental impacts
that are both additive and directly comparable. 1 Of the methods previously developed and applied
to impact evaluation, most are unsuited for comparisons of alternative energy sources at
different locations. 2- s An index of environmental impact, based upon a matrix approach, has
been developed to meet this problem. The index provides a means for explicit accounting of
effects and permits the evaluation of alternative utility sources at different locations. With
the index method, a common unit of measure can be devised for a large group of environmental
impacts as well as the provision of a simple means of establishing relative significance
between independent environmental effects. The following analysis uses two numerical rating
systems which form sets of indices to quantitatively compare the environmental impacts of
MIUS and conventional utility systems. A summary of the strategy used to determine the Index
of Environmental Impact (lEI) for specific system models is presented in Fig. 6.18. An elabo
ration of the procedure is provided in the following sections.

6.5.1 Environmental effects

Identification of all possible effects and subsequent impacts attributable to reasonable
construction and operation of MIUS or conventional utility systems is the first step in develop
ment of the lEI. Diversity of environmental effects is compounded by the number of possible
utility functions performed by a single MIUS. To simplify MIUS-to-conventional comparisons and
to permit separate evaluation of each subsystem, impacts were grouped according to the utility
service type. The major groups considered are

1. site preparation and construction activities;
2. total energy - all activities related to electrical and thermal energy

generation and distribution including waste-heat recovery and auxiliary
boiler operation;

3. solid-waste collection, treatment, and disposal; and
4. liquid-waste collection, treatment, and disposal.

Examples of anticipated environmental effects resulting from
Table 6.14 (and in greater detail in Table A.l). The source,
and examples of possible impacts are listed for each effect.
between MIUS or conventional activities.

6.5.2 Determination of relative concern

Quantification of public concern about environmental effects is the next step in the
development of the lEI (Fig. 6.18, step 2). Concern means the attitude or degree of apprehen
sion expressed by the public toward possible consequences of proposed utility operation.
Because concern is a subjective response, five ranges are proposed which correspond to levels
of concern, from complete indifference to extreme concern. The numberical values presented
in Table 6.15 are used to indicate the degree of concern for a proposed environmental effect.

The first category, 0, represents lack of concern, indifference, or an insignificant
response to an environmental effect. A value of 5 indicates a token recognition of the subject
but with only a very low level of concern. The value 10 signifies a moderate degree of concern



1. lOENTIFY POTENTIAL ENVIRONMENTAL EFFECTS FROM UTILITY SYSTEMS
OPERATION AND THE MAIN CATEGORIES OF LOCATION IN WHICH THEY
MAY OCCUR.

2. CONDUCT A SURVEY TO DETERMINE THE RELATIVE DEGREE OF CONCERN
HELD FOR VARIOUS ENVIRONMENTAL IMPACTS AT FOUR DIFFERENT
LOCATION TYPES. DEGREE OF CONCERN IS RANKED WITHOUT REGARD TO
SPECIFIC CAUSES OR MAGNITUDES AND RELATES TO ANY UTILITY, MI US
OR CONVENTIONAL, WHICH CAUSES THE EFFECT."

DEGREE OF RELATIVE CONCERN

ENVIRONMENTAL LOCATION OF EFFECT

EFFECT U R-A U-R U-I

AIR

SURFACE WATER

GROUND WATER

LAND

3. DEFINE PHYSICAL AND OPERATIONAL ASPECTS OF MIUS AND CONVENTIONAL
UTI L1TY SYSTEM MODELS.

DEFINITION OF UTILITY SYSTEM TECHNOLOGY

SYSTEM CHARACTERISTICS MIUS CONVENTIONAL

LOCATION

SITE PREPARATION

PHYSICAL FACILITIES

ENERGY

LIQUID WASTE

SOLID WASTE

POTABLE WATER

LEGEND

RC - RELATIVE CONCERN VALUE, 0-20SCALE
DP - DAMAGE POTENTIAL VALUE, 0-1 SCALE
U - URBAN LOCATION
R·A - RURAL-AGRICULTURE LOCATION
U-R - URBAN-RESIDENTIAL LOCATION
U-I - URBAN·INDUSTRIAL LOCATION

ORNL-DWG 76-6240

4. RATE THE POTENTIAL FOR ENVIRONMENTAL DAMAGE OF MIUS RELATIVE
TO CONVENTIONAL SYSTEMS BASED ON DEFINITiONS OF TECHNOLOGY
WHICH INCLUDE MAGNITUDES OF RESOURCE CONSUMPTION, EMISSION, ETC.
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-
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5. SELECT A SPECIFIC UTILITY SYSTEM MODEL AND DETERMINE THE INDEX
OF ENVIRONMENTAL IMPACT (lEI) AS THE PRODUCT OF THE RELATIVE CON
CERN (RC) FOR EACH EFFECT AND THE DAMAGE POTENTIAL (DP) OF THAT
SYSTEM FOR EACH EFFECT. COMPARE SYSTEM MODELS USING THE TOTAL
lEI AS A RELATIVE MEASURE OF ENVIRONMENTAL DEGRADATION.

ENERGY SYSTEMS

MIUS, DIESEL CONVENTIONAL, COAL
WET TOWERS DRY TOWERS
AUX, OIL FUEL ALL ELECTRIC HVAC
U-R LOCATION R-A LOCATiON

ENVIRONMENTAL RELATIVE
DP

lEI
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lEI
EFFECT CONCERN IRC X DPI IRC X OP)

AIR

SURFACE WATER

GROUND WATER

LAND

SUBTOTAL :E lEI :E lEI
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I
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Fig. 6.18. Summary of steps for determining the Index of Environmental Impact (lEI).



Table 6.14. Examples of environmental impacts originating from installation
and operation of utility systems

Environmental effect

Air

Reduction in atmospheric
visibili ty

Fogging and icing

Radionuclide contamin
ation

Source of effect

Plumes from exhaust stacks
or cooling towers

Moisture-laden plumes from
cooling towers

Exhaust fr0IT,nuclear and
fossil fired electrical
generating stations

Population or
resource affected

People

Vegetation

People

People

Vegetation &
Wildlife

Description

SAfety hazard mo
tra nsporta tion

Potential damage
to surrounding
vegetation

Safety hazard to
transportation

Inhalation or inges
tion which may result
in somatic or genetic
damage
Same as above and
possible concentration
of radionuclides in
food chains

'"I
"~
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Table 6.15. Numerical values employed to represent the
degree of public concern associated with

a proposed environmental effect

Value

o
5

10
15
20

Categories of concern

Insignificant concern
Little concern
Some concern
Much concern
Extreme concern

based on some knowledge of the direct effect or its consequences. The number 15 denotes
sufficient concern for action to be taken on the issue. The value 20 reflects concern for
a totally intolerable environmental impact.

Location of environmental effect is a major influence in the determination of concern.
Rather than consider all possible utility sites, each environmental effect is imposed on four
different location classifications. The first location, uninhabited, defines an area that
has no significant resident human population, such as wilderness or national parks. Rura1
agricultural locations are noted for low human populations, usually diffuse, which are
associated with agricultural production. An urban-residential location refers to areas used
predominantly for human habitation. The urban-industrial sites represent locations composed
of a mix of residential, commercial, and industrial activities. Locations bordered by rivers,
lakes, and other bodies of water are not classified separately.

6.5.3 Survey of relative concern values

Numerical values for concern about environmental effects were obtained from a survey using
the modified Delphi technique. Employing the previously described scale of relative concern
with a list of 36 environmental effects, participants were asked to indicate their concern for
each effect at four different locations. The survey was limited to selected professionals and
members of the Oak Ridge National Laboratory staff and was intended only to provide preliminary
values for use as a basis for this discussion.

A portion of the results obtained from the survey are presented in Table 6.16. Means and
standard deviations for rating each effect in each location are also included. Results of an
analysis of variance [conducted to determine statistical significance (F <0.05)J among ratings
of locations are provided in Table 6.16.

In all, 25 of the 36 environmental effects showed significant differences in conern ratings
as a function of location, indicating that participants differentiated among locations. General
trends suggest greatest concern for environmental effects in residential areas, less for rural
and industrial areas, and the least concern for uninhabited locations. The pilot survey provided
general trends of concern for environmental effects, and it indicated that locations are asso
ciated with different levels of concern, and with concern about different effects. These data
provide preliminary scale values for relative concern about environmental effects; however, these
values cannot be critically interpreted in light of the small sample size and the variability
of the ratings. Future assessments of public concern may be improved by (1) expanding the concern
values to seven or more choices, (2) defining the intensity level of the effect, and (3) address
ing the specific population whose concern are of importance.



Table 6.16. Means, standard deviations, and analysis-of-variance results for ratings of concern for
environmental effects in different area types, based on 22 responses to a questionnaire

Type of area affected

Rural-agricultural
Environmental effects

Uninhabitated

Mean Standard
deviation

Mean Standard
deviation

Residential

Mean Standard
deviation

Industrial

Mean Standard
deviation

Resul ts of analysis
of variancea

F-valueb Probability
values

Location of
greatest
concernc

Air
Reduction in atmospheric visibility
Fogging and icing
Radionuclide contamination
Process chemical contamination

Noxious gases
Particulates and aerosols

Odors
Noise
Climate alteration
Unaesthetic appearance

Surface water
Radionuclide contamination
Process chemical contamination
Turbidity and siltation
Fish kill
Algal bloom
Thermal enrichment
Barrier to biological movement
Unaesthetic appearance
Flow reduction

Groundwater
Raise or lower present level
Radionuclide contamination
Process chemical contamination
Biological cOI\tamination
Unaesthetic apPearance

Land
Process chemical contamination
Radionuclide contamination
Vibration
Alteration of drainage patterns

and infrastructure
Soil erosion
Flooding
Increase undesired fauna
Settling and surface movement
Unaesthetic appearance

Landscape
Man-made structures

Habitat destruction

6.6
8.2

13.2

12.5
11.6
5.9
7. a

10.9
8.6

15. a
13.8
11,4
13.6
12.5
9.3

10.7
8.9
9.8

8.6
14.0
13.4
12.3
7.0

11.6
12 .5
5.7

7.5
11, 3
10.2
7.7
6.1

9.5
7.7

11,4

5.4
5.9
6.5

4.3
4.5
4.5
5.0
6.7
6.0

4.9
3.8
4.9
5.2
4.8
4.2
5.2
4.9
4.5

4.7
5.3
4.7
5.5
5.3

5.2
6.1
5.6

5.5
4.9
5.9
4.6
4.9

6.5
6.3
4.9

8.9
11.1
14.5

14.5
13.2
10. a
10 .0
11.4
9.3

16.1
15.7
11.6
12.5
12.0
9.3

10.2
10.7
12.5

12.5
15.9
15. a
14.5
10.0

14.1
14.1
7.3

10 .0
13.2
12.3
10.0
8.2

9.8
8.0

12.5

4.6
4.9
6.7

3.4
4.2
4.6
5.1
6.4
4.7

4.3
3.6
5.2
5.5
4.5
4.7
5.4
4.2
4.3

5.3
4.5
3.8
4.9
5.3

4.3
6.7
5.9

5.6
3.9
5.3
5.1
5.0

5.2
5.3
4.8

12.7
13.4
15.5

17.3
16.8
13.9
14.8
10.5
12.5

16.4
14.5
11,1
11,8
12.0
8.9
-8.4

11.6
10 .5

12. a
17.0
15.9
15.9
10.0

13.9
14.8
11.1

7.9
11,6
12.7
9.3

11.6

13. a
11. 3
8.4

3.7
4.7
6.2

4.3
3.6
4.3
5.0
6.2
4.8

4.7
4.1
4.3
5.7
4.3
4.3
5.6
5.2
3.8

4.5
4.8
4.5
5.0
5.6

4.1
6.6
4.6

5.3
5.0
6.5
5.4
5.6

4.8
5.4
5.0

10.9
10 .9
14.8

15.2
14.3
10.5
9.5
8.6
7.3

15.7
13.6
9.3

10.6
9.5
8.2
7.3
8.6

10.0

11.4
16.1
15.0
13.6
8.2

11.6
14.5
8.6

5.9
8.4

10.0
8.4
8.4

7.3
6.1
5.5

4.8
5.9
6.6

4.8
5.0
4.6
5.5
6.4
5.3

5.6
5.4
4.7
6.2
5.6
5.2
5.9
5.8
4.6

6.0
5.1
4.4
6.0
5.7

6.1
7.4
5.8

4.8
5.2
6.4
4.5
6.4

5.5
6.2
5.3

8.7
6.6

7.2
9.3

15.6
13.0

3.5
5.8

4.7
3.4

5.4

4.6
4.7
3.8
4.3

4.0
3.4
5.9

4.9
5.5
3.6

5.6

5.1
4.1

19.4

.001

.001

.001

.001

. 001

.001

.03

.01

.01

.03

.01

.01

.01

.02

.01

.02

.03

.01

.01

.01

.02

.01

.01

.02

.001

U-R
U-R

U-R
U-R
U-R
U-R
R-A
U-R

U
U

U

R-A
U-R
U-R
U-R

R-A
U-R
U-R

R-A
R-A
U-R

U-R

U-R
U-R
R-A

0">
I....,

0">

aAnalysis of variance: one factor, repeated measureS design with areas as the within-subjects factor. Degrees of freedom were 3 and 63.

bp values are given only for effects significant at the 0.05 level. A significant F indicates a statistical difference among area means.

CLegend: U = uninhabited; R-A = rural-agricultural; and U-R = urban-residential.

le:»!wall~
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6.5.4 Damage potential

The damage potential (DP) scale is an attempt to quantify possible adverse effects on
environmental quality and human life based upon the magnitude and quality of discharge from
utility installations. It typifies a utility's capability to produce adverse effects as the
result of specific physical, operational, and performance characteristics. An ordinal scale
of DP values has been constructed to encompass negative influences for both environmental
quality and human life. As seen in Fig. 6.19, the values range from 0 to 8 units and encompass
conditions describing no apparent effect to totally unacceptable. The scale originally contained
ten units, but the last two were deleted because they represented various degrees of lethality
to the human population or catastrophic assault to the environment. These conditions would
not normally be acceptable to the public; therefore, they were excluded from the final scale.
The dual-column approach provides separation between environmental and human effects. The
columns represent parallel progressions of degradation which are not necessarily equivalent.
For situations that affect both the environment and man, the higher value is always selected.

Reductions in environmental quality or human welfare that result from either accident,
misoperation, improper design, or employee-related hazards were excluded in construction of
the DP scale.

Assignment of DP values requires a thorough knowledge of the operational and technical
characteristics of each utility subsytem. Subsystem characteristics such as size, fuel type,
and emission characteristics are mandatory for proper weighting. It is essential that each
utility be described in detail. Five cases were selected which represent two typical MIUS
and three conventional utility system configurations. Types of systems assumed for each case
are listed in Table 6.17.

Adverse effects listed in Table 6.17 that could result from construction and operation of
each utility were selected and compiled as shown in the example for solid-waste treatment in
Table 6.18.

Examples of the DP values presented in Table 6.18 represent the best estimates of
knowledgeable members of the Oak Ridge National Laboratory professional staff. These values
reflect estimates of technologies, control capabilities, and legislative restrictions currently
being applied to prevent human and environmental degradation. As in the survey on relative
concern values, utility system operation was sited at four country-wide type locations. Complete
results of the DP values are presented for all utility subsystems in Appendix A, Tables A.2 
A.6.

6.5.5 Calculation of the Index of Environmental Impact (lEI)

The procedure employed to compute a numerical value for the lEI of each alternative
utility system case is as follows.

1. Identify and describe each component of the alternative utility sUbsystem
(e.g., size, fuel, emissions, hours of operation, etc.).

2. Select the type of location (U, R-A, U-R, or U-I) affected by installation and
operation of each subsystem.

3. Determine the adverse environmental effects likely to result from construction
and operation of each subsystem at the selected location. Table 6.18 provides
examples of adverse effects that might result from a range of utility practices.
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OR NLD\VG 766241

SCALE OF DAMAGE·POTENTIAL VALUES

ORDINAL
SCALE OF
INTENSITY

o

3

4

6

8

EFFECTS ON HUMANS

NONE

NO DETECTABLE OR CONCEIVABLE ADVERSE EFFECTS.

INSIGNIFICANT EFFECTS

KNOWN OR SPECULATED ADVERSE EFFECTS CONSIDERED
INSIGNIFICANT.

DETECTABLE EFFECTS

DETECTABLE EFFECT WITH KNOWN OR UNKNOWN CON
SEQUENCES THAT IS CONSIDERED GENERALLY
ACCEPTABLE.

DISCOMFORT, NUISANCE, OR UNAESTHETIC APPEARANCE

A TEMPORARY DEGRADATION OF HUMAN VALUES THAT
RESULTS IN A GENERAL REDUCTION IN THE QUALITY OF
LIFE FOR THE LOCAL PUBLIC. THE EFFECT MAY POSE
SOME TOLERABLE AMOUNT OF EMOTIONAL OR PHYSICAL
DISCOMFORT, UNAESTHETIC APPEARANCE, OR NUISANCE
TO THE PUBLIC.

NATIONAL ENVIRONMENTAL LOSS

UNDESIRABLE LOWERING OF ENVIRONMENTAL QUALITY
OVER LARGE NONCONTIGUOUS AREAS OF THE COUNTRY
THE RESULT OF WHICH MAY LEAD TO A DECREASED
QUALITY OF LIFE FOR ALL INHABITANTS. THE ENTIRE
POPULATION OF THE REGION IS POTENTIALLY SUSCEPTIBLE
TO THE EFFECT.

MAXIMUM TOLERATED LOSS OF VALUE

MAXIMUM LOSS OF HEALTH, PUBLIC WELFARE, OR
AESTHETICS THAT THE PUBLIC WI LL TOLERATE TO
RECEIVE THE BENEFITS OF A PARTICULAR SERVICE
(EMPLOYMENT, GOODS, SERVICES, ETC.).

SHORT·TERM LOSS

DEGRADATION OF HUMAN HEALTH OR WELFARE EXCEEDS
CURRENT PUBLIC TOLERANCE BUT THE EFFECTS ARE
USUALLY REVERSIBLE WITH TIME AND PROPER TREAT
MENT MEASURES.

EXTENDED LOSS

SERIOUS DEGRADATION OF HUMAN HEALTH OR WELFARE
BEYOND CURRENT PUBLIC TOLERANCE LEVELS.

TOTALL Y UNACCEPTABLE LOSS

EXPOSURE OF THE GENERAL PUBLIC TO POTENTIALLY
HAZARDOUS SITUATIONS WHICH COULD RESULT IN
IMMEDIATE LOSS OF LIFE OR HEALTH, EXCLUSIVE OF
ACCIDENTS, MISOPERATION, MALFUNCTION, OR CATA
STROPHIC EVENTS.

EFFECTS ON THE ENVIRONMENT (EXCLUSIVE OF HUMANS)

NONE

NO DETECTABLE OR CONCEIVABLE ADVERSE EFFECTS

INSIGNIFICANT EFFECTS

KNOWN OR SPECULATED ADVERSE EFFECTS CONSIDERED
INSIGNIFICANT.

DETECTABLE EFFECTS

DETECTABLE EFFECT WITH KNOWN OR UNKNOWN CON
SEQUENCES THAT IS CONSIDERED GENERALLY
ACCEPTABLE.

LOCALIZED ENVIRONMENTAL LOSS

THE TEMPORARY, REVERSIBLE DISRUPTION OF THE NORMAL
FUNCTIONING OF SOME PORTION OF THE ENVIRONMENT. THE
EFFECT IS VERY LOCALIZED AND DOES NOT PRESENT A THREAT
TO THE PERMANENT REMOVAL OR DISLOCATION OF ANY COM
PONENT OF THE AFFECTED SYSTEM.

NATIONAL ENVIRONMENTAL LOSS

REDUCTION IN THE PRESENT WORTH OF SOME ENVIRONMENTAL
SYSTEM OR RESOURCE ON A NATIONAL SCALE. A LOSS OF THIS
TYPE MIGHT BE EQUATED TO THE DEGRADATION OF UNIQUE
HABITATS OR THE SACRIFICING OF SOME PORTION OF THE
NATIONAL ENVIRONMENTAL QUALITY.

MAXIMUM TOLERA TED LOSS OF VALUE

THE LOSS OF SOME ENVIRONMENTAL SYSTEM OR RESOURCE
CANNOT 8E TOLERATED BEYOND THIS POINT; EITHER BECAUSE
THE DAMAGE IS IRREVERSIBLE, THE RESULT INCURS PROHIBITIVE
ECONOMIC COSTS, OR THE TIME PERIOD NECESSARY FOR
RESTORATION IS TOO LONG.

SHORT-TERM LOSS

DISRUPTION OF ECOSYSTEM FUNCTIONS OR DESTRUCTION OF
ITS COMPONENTS WHICH SERIOUSLY JEAPORDIZE THE
STABILITY OF THE SYSTEM, BUT ARE THOUGHT TO BE
REPAIRABLE WITH EITHER TIME OR HUMAN RESOURCES

EXTENDED LOSS

SERIOUS DEGRADATION OF THE ENVIRONMENT TO A POINT
FROM WHICH IT CANNOT COMPLETELY RECOVER OR RETURN
TO ITS FORMER STRUCTURE OR FUNCTION. RECTIFICATION
OF THE EFFECT WOULD REQUIRE PROHIBITIVE ECONOMIC
COSTS OR EXTENSIVE PERIODS OF TIME

TOTALL Y UNACCEPTABLE LOSS

DESTRUCTION OF ENTIRE ECOSYSTEMS, EXTINCTION OF A
SPECIES, OR EXPENDITURE OF A RESOURCE TO AN
UNRECOVERABLE LEVEL.

Fig. 6.19. Guide for assignments of damage-potential values.



Table 6.17. Examples of representative MIUS and conventional utility systems required
for the assignment of damage-potential values

MillS Conventional
utilities

Power generation

Generatcrs

Case 1

Engine generators

Case 2

Engine generators

Case 1

Stearn-electric
plants

Case 2

Stearn-electric
plants

Case 3

A mix of 31% fossil
and 69% nuclear
steam-electric

Fuel Natural gas No. 2 fuel oil Coal U0
2

Fuel storagea Offsite Onsite Onsite Onsite

Cooling method (2~egligible) (Negligible) W"t cooling Wet cooling
towers towers

Solid waste

Collection Vehicular Vehicular Vehicular Vehicular

Treatment Incineration None None None
two-stage

Disposal Landfill Sanitary landfill Sanitary land- Sanitary land-

Liquid waste fill fill

Treatment Small package Small package Secondary Secondary
plant plant biological biological

Disposal Pond Pond Water body Water body

Coal - U0
2

Onsite

Wet cooling towers

Vehicular

None

Sanitary landfill

Secondary
biological

Water body

en
I....,

lD

Heating, ventilating, and air conditioning

Heating Waste heat and Waste heat and
gas-fired oil-fired
boilers boilers

Electric Electric Electric

Air
Conditioning

Absorption and
compressive
chillers with
cooling towers

Absorption and
compressive
chillers with
cooling towers

Compressive Compressive Compressive

aLocation with respect to generating plant.



Table 6.18. Damage-potential values assigned to environmental impacts
associated with solid-waste treatment and disposal

Envi.ronmental effects Landfilla

Ub R-Ac
MIUS incineration

U-Rd
Conventional incineration
~ R-A-;;---u-Rd--U- I;

-------_._-
Air

Reduction in atmospheric
visibility

Process chemical contamination
Noxious gases
Parti.culates and aerosols

Odors
Noise
Unaesthetic appearance

Surface
Process chemical contamination
Turbidity and siltation

Groundwater
Process chemical contamination
Biological contamination
Unaesthetic appearance

Land
Process chemical contamination
Vibration
Alteration of drainage patterns
Soil erosion
Increase undesired fauna
Unaesthetic appearance

Landscape
Man-made structure

Habitat destruction

aUnincinerated wastes.
bUninhabited.
cRural-agricultural.
dUrban-residential.
eUrban-industrial.

o

3
3
2
2
4

2
3

5
4
2

4
1
5
3
3

5
o
4

o

3
3
2
3
2

2
2

5
4
3

4
1
2
2
2

2
o
2

2
2
3
2
1

1
o

1
1
1

2
1
1
1
1

1
1
1

2

4
2
2
3
4
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o

1
I
I

3
1
I
1
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3
3

2

3
2
2
2
2
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1
1
1

3
I
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1
3
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3

4
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3
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1
1
1
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3
1
1
3

1
3
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2

4
2
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1
1
1

2
2
1
1
3

1
1
2
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4. Assign values for relative concern (scaled from 0 to 20) to proposed

environmental effects in the selected locations. Examples of concern
expressed for adverse environmental effects in four different locations
are found in Table 6.16.

5. Assign a damage-potential value to each environmental effect produced by

each utility subsystem at the selected location.
6. Calculate the product of the relative concern (RC), and twice* the damage

potential value for each environmental effect and each utility subsystem at
the selected area type.

7. Sum the products of the operations in step 6 to determine the contribution
of each subsystem.

8. Sum the sums of each subsystem within the alternative system; this number
represents the lEI value for that particular utility system.

6.5.6 Interpretation of the lEI

Direct comparison of index values between alternative utility systems does not provide

a means of independent interpretation of a single utility or establish a standard for the
maximum acceptable numerical limit of any utility system. An alternative method of interpre
tation was developed relating the lEI values to the numerical range of the scale of damage
potential values, described in Fig. 6.19. The method requires calculation of an equivalent
damage-potential value, DP, which represents an averaged damage-potential value influenced
(weighted) by the relative concern of the censured public. The DP is calculated by

where

DP = }; (RC x DP)
}; RC

(l /2) l: (RC x 2DP )

l: RC

(1/2) lEI
}; RC

(1)

DP = original damage-potential values for environmental effects at a designated location
RC = the relative concern for the environmental effect at the same location.

The equivalent damage potential (DP) of each case can now be interpreted using the DP scale,
with the knowledge that the overall system damage potential has been weighted by public concern
for all system effects.

Index of Environmental Impact values can also be interpreted with reference to the various
degrees of concern (Table 6.15). As in the preceding paragraphs, an equivalent relative concern
value, RC, can be calculated from the lEIs using a method similar to that for DP. An overall
average relative concern, weighted by damage potential, can be calculated for the system. The
calculation is:

RC = };(RC x DP)
};DP

(1/2) l:(RC x 2DP)
}; DP

(1/2) lEI
}; DP

(2)

*RC values were assigned from a 0 to 20 scale, and DP values from a 0 to 10 scale. Selected DP
values were increased by a factor of 2 when calculating the lEI in order for each factor to
have equal weight in the product. If equal numerical ranges had been used for RC and DP scales,
there would be no need for a weighting factor.
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where
RC = the relative concern for the environmental effect at the designated location
DP = original damage-potential value of the environmental effect at the same location.

When the lEI are converted to RC values, the RC value represents an overall system average
relative concern for all effects weighted by the damage potential for each effect at a designated
location. Thus some measure of public concern for effects of total system operation, weighted
by estimated severity (DP),. can be determined by comparing RC to the original RC rating scale.

Because RC values were selected from a 0 to 20 scale and DP values from a 0 to 10 scale,
the lEI was defined as RC x 2DP to afford each factor equal weight (step 6, Sect. 6.5.5).

By employing both RC and DP values for a chosen utility system, it is possible to ascertain
the potential damage to a specific environment and gain additional insight into public concern
for envi ronmenta1 effects that have been wei ghted by "real-worl d" operating consi derati ons.

6.5.7 Examples of computation and interpretation

An exercise in the use of the lEI is performed in this section. Five utility systems
representing the best estimates of typical MIUS and conventional utility configurations were
selected as test subjects (Table 6.17). An lEI value was calculated for each in the same
manner as in Table 6.19.

Table 6.19. Example of the computation employed to develop Index of
Environmental Impact values for air from MIUS case 1

located in an urban-residential area

Environmental
effects (from

Table 6.14)

Relative
concern

(from
Table 6.16)

Damage-potential values

Air
1.1 13 (0 + 1 + 0 + 1 + 1) = 3 78
1.2 13 (0 + 0 + 0 + 0 + 1) = 1 26
1.3 15 (0 + 0 + 0 + 1 + 0) = 1 30
1.4.1 17 (0 + 2 + 2 + 2 + 0) = 6 204
1. 4.2 17 (0 + 2 + 0 + 1 + 2) = 5 170
1.5 14 (0 + 3 + 3 + 1 + 0) = 7 196
1.6 15 (3 + 2 + 0 + 2 + 3) =10 300
1.7 10 (0 + 0 + 0 + 1 + 1) = 2 40
1.8 12 (2 + 1 + 1 + 1 + 2) = 7 ~

Total 1212

aIEl = RC x 2DP.

bConstruction practices.

cSolid waste.

dLiquid waste.

eElectrical generation.

fHeat dissipation.

Index values were calculated for the five utility system configurations sited at four
general locations. Table 6.20 presents the results of these computations, including the
subtotals used to arrive at the final lEI total. All values used in the computation of the
lEI subtotal may be obtained from Table A.7-A.ll.
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It is not apparent if
are truly significant.
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Table 6.20. Index of Environmental Impact (lEI) subtotals
and totals for five selected utility systems

Utility
Location of lEI values for:system environmental

SWb Elecd lEI
effect Ca LWc HDe

MIUS
Case 1 u-Rf U-R U-R U-R U-R

Air 138 330 176 290 278 1212
Surface Water 70 30 198 32 192 522
Ground Water 24 84 84 0 80 272
Land 132 200 132 116 144 724

Total 2730
Case 2 U-R R-Ag U-R U-R U-R

Air 138 304 196 380 278 1296
Surface Water 70 112 198 32 192 604
Ground Water 24 330 84 0 80 518
Land 132 346 132 144 144 898

Total 3316

Conventiona1
Case 1 R-A R-A U_Ih R-A R-A

Air 58 304 134 480 384 1360
Surface Water 92 112 252 248 302 1006
Ground Water 48 330 104 60 102 644
Land 258 346 144 246 146 1140

Total 4150
Case 2

Air 58 304 134 164 384 1044
Surface Water 92 112 252 96 302 854
Ground Water 48 330 104 32 102 616
Land 258 346 144 174 146 1068

Total 3582
Case 3

Air 58 304 134 324 384 1204
Surface Water 92 112 252 143 302 901
Ground Water 48 330 104 40 102 624
Land 258 346 144 196 146 1090

Total 3819

aConstruction practices.
bSolid waste.
CLiquid waste.
dElectrica1 generation.

eHeat dissipation.
fU-R = urban-residential.
gR-A = rural-argicu1tural.

hU_I = urban-industrial.

The lEI totals indicate that either MIUS test case would
impact than any of the three conventional cases (i .e., <lEI).
differences, between lEI totals, in the order of 3000 and 4000
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Index of Environmental Impact (lEI) values were converted into equivalent damage-potential
(DP) and equivalent relative-concern (RC) values. The results of these manipulations are:

DP RC
MIUS case 1 3.2 13.0

MIUS case 2 3.9 12.9
Conventi ona1 case 1 5.3 12.1
Conventi ona1 case 2 4.6 12.2
Conventional case 3 4.9 12.4

Comparing the DP values with those on the scale of damage potential, the two MIUS installa
tions have total environmental impacts considered in the realm of a general nuisance or possibly
a minor physical discomfort, unaesthetic appearance, or some short-term environmental loss in an
urban-residential location. The effects were not severe enough to be intolerable to the public.

Conventional cases 2 and 3 could be described as having a situation with the potential for
lowering environmental quality, but not yet sufficiently severe to warrant intervention by the
public. Conventional case 1 produced the highest DP value (5.3) and is equivalent to the
maximum amount of environment or human degradation that the public would tolerate. Further
investigation indicates that conventional case 1 reached the limit of human tolerance for the
sum of its effects, and, therefore, it is questionable in its current form.

Rather than attempt to discuss all possible lEI values from Tables A.7-A.ll, the range
of damage-potential values will be presented. Location is a major factor in lEI calculations;
therefore, the ranges of MIUS and conventional utility system rnu values are presented for each
of four possible locations (U, R-A, U-R, and U-I). From Fig. 6.20, conventional utility systems
generally have a broader potential for adverse environmental impact than would MIUS at the same
location. On a location basis, the worst possible MIUS seldom exceeds the best conventional
system for total damage potential to the environment. These generalizations may not be appli
cable when comparing differences between locations or situations where system components are
widely separated.

ORNL DWG. 76-6242

U-I
U-R

....1_--J1 R- A
CJ U

mU-I
f,;i;'::i! U- R
DR- A

(':::::i";~:1 U
DP

o 2 3 4 5 6 7 8

rr
L~

MIUS

CONVENTIONAL

Fig. 6.20. Range of equivalent damage-potential values between best- and worst-case
MIUS and conventional utility systems configurations for different locations (U, uninhabited;
R-A, rural-agricultural; U-R, urban-residential; and U-I, urban-industrial).
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Two examples have been constructed to illustrate the effect of location and widely dispersed
utility components on final lEI values. In the first situation, Table 6.21 presents a MIUS,
case 3, composed of onsite solid-waste incineration, diesel-electrical generation, cooling
towers, and secondary biological liquid-waste treatment located in an urban-residential environ
ment. The conventional utility system, case 4, consists of a nuclear steam generating plant,
once-through fresh water cooling, solid-waste incineration, and secondary biological liquid
waste treatment situated in an urban-industrial location. The MIUS installation yielded larger
lEI, DP, and RC values, indicating that locational differences can alter the lEI comparisons
between MIUS and conventional systems.

Table 6.21. Example of lEI, DP, and RC for utility
systems located at different sites

Utility system Location

MIUS case 3 U-R
Conventional case 4 U-I

lEI

2848
2378

3.3
3.4

13
10

To illustrate the effect of diversification of components on the final lEI, DP, and RC
numbers, Table 6.22 was developed. Table 6.22 takes conventional case 1 (described in Table
6.17) and places the utilities in different locations. The result of this location shuffling
is to change the conventional case 1 lEI value from 4150 to 4879. This increase of 729 in the
lEI value does not raise the DP or RC values into other categories but it does demonstrate
that when considering comparisons between utility systems, the location of each component is
vital to the adequate interpretation of the system's proposed environmental impact.

Table 6.22. Example of the alteration of conventional case 1
lEI value by diversifying the utilities

Original New
Utility Location lEI DP RC Location lEI DP ~

Construction R-A 456 U-R 628

Solid Waste R-A 1092 U 1134

Liquid Waste U-I 634 U-R 941

Electrical Generation R-A 1034 U-R 1068

Heat Dissipation R-A 934 U-R 1108

Total 4150 5·3 12.1 4879 5.9 12.2

6.5.8 Summary and conclusions

There exists a genuine need to develop a common unit of measure to quantify environmental
impacts that are both additive and directly comparable. To accomplish this task we developed
an environmental indexing method which would satisfy the preceding requirement and also allow
an evaluation of alternative sources at different locations. The Index of Environmental Impact
(lEI) appears to fulfill this task.



6-86

The lEI is composed of two factors: (1) relative concern and (2) damage potential. The
first provides the index with a component that reflects the degree of concern the public might
voice when confronted with a set of adverse environmental effects. The second factor brings
to the index a quantification of the effects based upon the magnitude and quality of discharges
from various sources. By selecting these environmental effects that are thought to originate
from a given source and then assigning relative concern and damage-potential values to each
effect, an lEI value can be computed. The total of the lEI values for a utility system can then
be compared with other total lEI values to gauge the relative superiority or inferiority of a
selected system in a given location.

Further interpretation of the lEI values was accomplished by the transformation into
equivalent damage potential (DP) and relative concern (RC) values. Once the computations
have been performed to yield the RC and DP values for each proposed utility system, comparisons
can be made for the DPs with the scale of damage-potential values and with the degrees of concern
for the RC values.

Five test case utility systems were evaluated to provide examples of the lEIs that could be
produced from two "typi cal" MIUS and three "typi cal" conventional sys tem confi gurati ons. The
results indicate that the two MIUS located in an urban-residential area have less potential for
adverse environmental impact than do the conventional systems that were generally situated in
rural-agricultural areas. Interpretation was based on use of the DP value of each case using
the damage-potential scale as the source of definition. Taking the RC values for each test
case revealed virtually no difference between the public's concern for the MIUS or the conven
tional system. It became obvious that the RC interpretation could be improved by the use of
better survey techniques to arrive at the original relative concern values.

To gain further insight into the latitude of the potential for adverse environmental impact
from MIUS and conventional utility systems, the best- and worst-case utility configurations were
calculated using four different locations. The result of this exercise was an indication that
MIUS impacts were never above the level of a local nuisance with respect to their potential for
environmental impact, and the conventional systems had a broader range of damage potential. The
conventional systems in some cases extended beyond even the maximum amount of environmental loss
that the public would tolerate. Of the three conventional test cases, case 1 was an example of
such an environmentally unacceptable system; it was concluded that this particular system at the
10cation(s) of operation would be unacceptable to the public.

The effect of diversification of subsystem location was examined with respect to its effect
on the final lEI, DP, and RC values. It was demonstrated that the location effect on subsystems
could indeed influence the tabulation of the final lEI, DP, and RC values.
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Appendix A

Table A.I. Environmental impacts orlglnating from installation and operation of
utility systems and the degree of concern for environmental quality

LAir

Environmental effect Source of effect
Pcpulation or resources

affected Deser! ptiOIl

1.1 Reduction in atmospheric
visibility

1.2 Fogging and icing

1.3 Radionucllde contamination

1.4 Process chemical contamination
1.4.1 Noxious gases

Plumes from process exhaust stack
and/or cooling towers

Moisture-laden plumes from cooling
towers

Process exhau~t from both fossil
and nuclear fueled electrical
generating facilities

Process exhausts including dis
charges from solid waste incin
eration and liquid wasta treatment

People

Vegetation

People

People

Vegetation and Wildlifea

Property

Atmosphere

People

Safety hazard to all forms of
transportation, esp. air traffic

Damage to surrounding timber,
agrteu! tural, and nonagricul
tural plants

Safety hazard to most convent""
ion forms of overland traffic.

Inhalation or ingestion of
radioDuclides may induce somatic
or genetic damage in humans

Inhsl ation or ingestion of
radionuclides may induce SOmatic
or genetic damage with the pot
ential for concentration in
f cod. cha ins

Corrosion of susceptible surfaces
With subsequent loss of econ
omic value

Degrade air quali ty by supply
ing components necessary for
air pollution (acid fog and
photochemical smog)

Inhalation of gases harmful
to human tissues

CJ)

I
00
<0

BWi.ldllfe includes birds, Ell aquatic and terresterial ml3lmr:l.als, and reptiles.



Environmental effect

Table A.I

Source of effect

(continued)

Popule tlon or resource
affected

Description

1.4.2

1.5 Odors

1.6 Noise

Particulates and
aerosols

ProcesS exhausts Incl uding dis
charges from solid waste inciner
ation, liquid waste treatment, and
entrainment of cooling tower salts

Emissions from storage of solid
waste and fuels, liquid waste
treatment, and incineration

Operation of construction and
process related equipment

Vegetation

Wildlife

People

Property

People

People

Wildlife

Reduce productivity of sur
l"oundlng flora, s,;ricul tural
crops, and timberj Ultimately
may reau! t in 81 teration of
plant communi ties

Inhalation of particulates
harmful to tissues and reduce
ability to survive or compete

Inhalation result,. in
irri tation to lung tissues

Deposi tion of particula tes
and aerosols onto surfaces

DIS y resul t in economic loss
of value

This category is distinct from
the preceeding one in tha t
odors are a subjective because
of a chemical found to be
unpleasant to the olfactory
sense. The chemical is not
generally harmful in this low
concentration only distasteful.

Disruption of tranquility
and mental welfare

Disrupt!ve to faunal inhabi t
ants of surrounding areas

Q)
I

<.0
o



Environmental effect

Table A.I

Source of effect

(continued)

~·pUlatioD or resource
affected

Description

1.7 Climatic slt_ration

1.8 Unaesthetic appearance

2. Surface waters

2.1 Radionucllde contamination

Cooling tower and process exhaust
stack discharges

Process exhaust and cooling
tower PIurnes

Process discharges, fuel spills,
and low level releases

People, Vegetation, and
Wildlife

People

Aquatic organismsb and
Flshc

People

Disruption of the earth's
solar balance which may
increase or decrease tn.
surface temperatures

The visual aesthetics of the
sky may be considered adversely
affected as might vistas or
panaraDl8s of the landscape

Ingestion of radionuclides
may result in somatic and/or
genetic damage. The possib
iIi ty for concentra tion in
food chains also exists

External exposure and ingest
ion of radioq.uclides provides
a means fer possible somatic
and/or genetic damage.

2.2 Process chemical contamination LiqUid w8s:te treatment dis
charges, overland flow from land
fill, Bnd blostatlc agents added
to cooling waters, 5'02 scruoDe:t;
wastes

Water

Aquatic Organisms and
Fish

People

Impair water quality

Toxic effects to aquatic
Inhabi tants and possible
habi tat al teratlon or destruction

Recreational uses- may be
inhibited

(J)

I
<D......

bAquatic organisms include all single and multicellUlar organisms, except fish;included are such general groupings as photo- and
zooplankton.

CF1sh 8S used in this table encompass shellfish and other aquatic vertebrates harvested by man.



Environmental effect

Table A.I

Source of effect

(con tinued)

Population or resource
affected

Description

2.3 Turbidity and s11 tation

2.4 Fish kill

2.5 Algal bloom

2.6 Thermal enrichment

2.7 Barrier to biological
movement

Discharges from liquid waste treat
ment, process waters, and construct
ion practices

Impingement or entrapment in cool
ing water intake structures

Discharges from process waters

Cooling water plume and discharges
from liquid waste treatment

Plume from cooling tower Bnd the
liquid waste treatment facil1 ty

People

Aquatic organisms

Fish

Fish (and other
aquatic organisms)

People

Fish

People

Aqua tic organisms and
Fish

Water

Fish

Recreational use of wa tar
rna y be lobibi ted

Reduce photosynthetic patent
ial for phytoplankton

Cover spawning areas, coat gills,
and bury sedimentary organisms

Juveniles and adul ts are
subject to attrition

Loss of a potential food
and recreational source

Adversely al ter hab! ta t

Recreational value is reduced

Provide an artificial environ
ment which is sUbject to
drastic alteration when facil
i ties are shutdown

Water quality is impaired by
excess heat

Affords a barrier to the
movement of migratory fish thus
reducing Burvival potential

0>
I

<.0
N



Table A.l (continued)

Environmental effect

2.8 Unaesthetic appearance

2.9 Flow reduction

3. Ground water

3.1 Raise or lower present level

3.2 Radionucl1de contamination

Source of effect

Process discharges snd effluents
from liquid waste treatment
facilities

Removal of surface waters for
cooling and process operations

Removal for cooling or process
water demands

Process water discharges

Papule tioD or resource
affected

People

People

Vegetation

People

Vegetation

Wildlife

People

Vegetation

Description

The discharges might cause
discoloration or slight odor
to the surface waters

Reduce the amolUlt available
for agricul tura1 , municipal,
and industrial uses downstream

Lower the water table Bnd
increase arid! ty

Availabili ty or quali ty of
drinking Water may be decreased
and the functioniI).g of existing
wells may be impaired

Moisture availjlbl e for plant
growth may be reduced, esp
ecially for deeply rooted species

Ingestion of contaminated
waters may resul t in somatic
and genetic damage to the tissues
also concentration of nuclides
may occur in food chains

Ingestion of radionuclides may
resul t in soma tic or genetic
damage to human tissues

Radlonuclides may be concent
rated in tissues and eventually
be concentrated in food chains

0">
I

lD
W



Environmentsl effects

Table A.I

Source of effect

(continued)

Populatioll or resourCt::
affected

Oeser!ptlon

3.3 Process chemical contamination Discharges from liquid wastetreat-
ment and solid waste treatment dis
posal practices

3.4 Biological contamination Seepage from liquid waste treatment
and transportation

3.5 Unaesthetic appearance Process water releases

4. Land

4.1 Process chemical contamination SOlid waste disposal practices,
entrained salts from c<?oling towers,

and S02 scrubber wastes.

4.2 Radlonuclide contamination Burial practices for spent fuels

Water

People and Wildlife

People

People

Vegetation

People

Water quality may be impaired

Consumpti ve uses may be
impaired or reduced

Drinking water quality of
local communi ties may be affected

Drinking water may acquire
characteristics that are undes
irable to the local populations

Introduction of chemical
substances onto the land which
inhabi t plant growth aod devel
opment

•
Long-term commi ttment of land
to nonproductive uses

4.3 Vibration Equipment operations associated People
with solid weste disposal, fuel
preparation, and electrical generation

Property

Fish and Wildlife

May impair human welfare and
serve as a source of emotional
irri tation

Potential structural damage

Vi bra tiona may inh1bi t occup
ation of surrounding areas

O'l
I

\.0
-l'>

4.4 Al ter.tion of drainage pat
terns and infrastructure

Construction practices and solid
waste disposal practices

Vegetation Al teration of the physical
characteristics of the environ
ment may lead to alteration of
the surrounding floral commun
ities



Environmental effect

Table A.I

Source of effect

(continued)

Population or resource
affected

Description

4.5 SolI erosion Construction practices and solid
waste disposal practices

People

Vegetation

Loss of property value

Loss of agrlcul tural potential

4.6 Flooding Construction of retalnment areas
for liquid waste treatment and
supplies of cooling water

Fish Bnd Aquatic organism If a surface water system
1s impounded to supply the
communi ty needs the na ture
of that system may be drastic
ally 81 tered

4.1 Increase undesired fauna

4.8 Settling and surface movement

4.9 Unaesthetic appearance

4.9.1 Landscape

4.9.2 Man-made structures

Solid waste storage and disposal

Liquid waste disposal and water
recharge by sUbterraneal injection

Topographic al terartions and solid
waste disposal practices

Process exhaust stacks and cooling
towers

Land

People

Property

People

Property

People

People

Loss of agricul tural and
development potential

Provide vectors for disease

Activities of these agents
may reBul t in structural
daDliges

Emotional stresses due to
threats of earth movements

Structur.l daruge may resul t

The local landscape may be
considered adversely altered

The presence of these struct
ures may irritate the sensibil
i ties of sOme people especially
with regard to disruptions of
vistas and discontinuity of
horizons

en
I

<D
Ul



Env.ironmental effects

Table A.l

SOU1"Ce at effect

(continued)

Papule tioD or resource
affected

Description

4.10 Habitat destruction construction practices and solid
waste disposal practices

Vegetation

Wildlife

People

Loss of productivity

Suitable habitat for survival
.y be al tered

.y lower the quality of life
for the residen ts by reducing
vegeta ted a rea sand lowering
the recreational potential

O'l
I

<0
O'l



Table A.2. Damage-potential values assigned to short-term environmental
impacts associated with utility site preparation

MIUS Conventional
Environmental effects Ua R_Ab U~Rc U_Id

U R-A U-R U-I

Air
Noise 2 2 3 1 3 2 3 1
Unaesthetic appearance 1 1 2 1 1 1 3 1

Surface waters
Turbidity and siltation 1 1 1 1 2 2 3 2

Unaesthetic appearance 1 1 2 1 3 r, 3 2~,

Flow reduction 0 0 0 0 0 0 0 0

Groundwater
Raise or lower present levels 1 1 1 1 2 2 2 2
Biological contamination 0 0 0 0 0 0 0 0

Unaesthetic appearance 0 0 0 0 0 0 0 0 0'1
I

<D

Land "
Vibration 1 2 3 3 1 2 3 3
Alteration of drainage

patterns 1 1 1 1 3 :; 2 2

Soil erosion 1 1 1 1 3 3 3 2

Flooding 0 0 0 0 0 0 0 0

Unaesthetic appearance
4.9.1 Landscape 1 1 1 1 1 2 3 2

Habitat destruction 1 1 0 0 3 3 2 2

~ninhabited.

bRural-agricultural.

cUrban-residential.

dUrban-industrial.



Table A.3. Damage-potential values assigned to environmental impacts
associated with solid-waste treatment and disposal

Landfil1a MIUS incineration Conventional incineration
Environmental effect~ Ub R_Ac U_Rd Ub R_Ac U_Rd U_Ie

Air
Reduction in atmospheric

visibility 0 0 1 2 2 3 2

Process chemical contamination
1.4.1 Noxious gases 3 3 2 4 3 4 4

1.4.2 Particulate &aerosols 3 3 2 2 2 3 2

Odors 2 2 3 2 2 3 2

Noise 2 3 2 3 2 3 2

Unaesthetic appearance 4 2 1 4 2 3 2

Surface
Process chemical contamination 2 2 1 1 1 1 1

Turbidity and siltation 3 2 0 0 0 0 0
Q)

Groundwater I
<0

Process chemical contamination 5 5 1 1 1 1 1 OJ

Biological contamination 4 4 1 1 1 1 1

Unaesthetic appearance 2 3 1 1 1 1 1

Land
Process chemical contamination 4 4 2 3 3 2 2

Vibration 1 1 1 1 1 3 2

Alteration of drainage
patterns 5 2 1 1 1 1 1

Soil erosion 3 2 1 1 1 1 1

Increase undesired fauna 3 2 1 1 1 3 3

Unaesthetic appearance
4.9.1 Landscape 5 2 1 1 1 1 1

4.9.2 Man-made structure 0 0 1 3 3 3 1

Habitat destruction 4 2 1 3 3 2 2

~nincinerated wastes. bUninhabited.

cRural-agricultural. dUrban-residential.

eUrban-industria1.



Table A.4. Damage-potential values assigned to proposed environmental
impacts associated with liquid-waste treatment and disposal

Environmental effects MIUS Conventional

Ua R_Ab U_Rc U_Id
U R-A U-R U-I

Air
Process chemical contamination
1.4.1 Noxious gases 1 1 2 1 2 2 3 2

Odors 1 2 3 3 1 2 3 3

Unaesthetic appearance 1 1 1 1 1 1 1 1

Surface waters
Process chemical contamination 1 1 1 1 2 2 2 2

Turbidity and siltation 1 1 1 1 3 3 3 2

Fish kill 1 1 1 1 1 1 1 1

Algal bloom 2, 2 2, 2 3 3 3 3

Thermal enrichment 1 1 1 1 1 1 1 1

Barrier to biological movement 2, 2 2 2 2 2 2 2

Unaesthetic appearance 1 1 1 1 3 3 3 2 0'>
I

\J:l

Groundwater \J:l

Process chemical contamination 1 1 1 1 2 2 2 2

Biological contamination 1 1 1 1 1 1 1 1

Unaesthetic appearance 1 1 1 1 1 1 1 1

Land
Process chemical contamination 2 2, 2 2 2 2 2 2

Flooding 1 1 1 1 1 1 1 1

Settling and surface movement 1 1 1 1 1 1 3 3

Unaesthetic appearance
4.9.1 Landscape 1 1 1 1 2 2 3 2

aUninhabi ted.

bRura1-agricu1tura1.

cUrban-residentia1.

dUrban-industrial.



Table A.S. Damage-potential value~ a~~igned to prQpo~ed environmental impact~ re~ulting

from electrical generating practices (no cooling deyice~ included}
--

Conventional exhaust stack MIUS exhaust stack
Environmental effects Fossil-fuel Nuclear Diesel Natural gas

Ua R_Ab U_Rc U_Id U R-A U-R U-I U R-A U-R U-I U R-A U-R U-I

Air
Reduction in atmospheric visibility 3 3 4 4 1 1 1 1 1 1 1 1 1 1 1 1
Radionuc1ide contamination 1 1 1 1 3 3 4 4 1 1 1 1 1 1 1 1

Process chemical contamination
1.4.1 Noxious gases 4 4 4 4 0 0 0 0 1 2 3 2 1 1 2 1

1.4.2 Particulates and aerosols 2 2 5 5 0 0 0 0 1 1 1 1 1 1 1 1

Odors 1 1 1 1 0 0 0 0 1 1 3 3 1 1 1 1

Noise 2 2 3 3 1 1 2 2 1 1 2 2 1 1 2 2

Climatic alteration 4 5 5 5 0 0 0 0 1 1 1 1 1 1 1 1

Unaesthetic appearance 3 3 3 2 2 2 2 2 1 1 1 1 1 1 1 1
0>

Surface waters
I

......
Radionuc1ide contamination 1 1 1 1 4 2 2 2 1 1 1 1 1 1 1 1 a

a
Process chemical contamination 3 3 3 3 1 1 1 1 0 0 0 0 0 0 0 0

Turbidity and siltation 3 3 3 3 0 0 0 0 0 0 0 0 0 0 0 0

Fish kill 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0

Groundwater
Radionuc1ide contamination 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

Process chemical contamination 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0

Land
Process chemical contamination 5 5 5 5 0 0 0 0 2 2 2 1 1 1 1 1

Radionuc1ide contamination 1 1 1 1 2 4 4 4 0 0 0 0 0 0 0 0

Vibration 1 1 2 2 1 1 2 1 1 1 2 1 1 1 2 1

Unaesthetic appearance
Man-made structure 4 4 4 3 3 3 3 1 1 1 2 1 1 1 2 1

~ninhabited. bRura1-agricu1tura1.

cUrban-residentia1. durban-industrial.



Table A.6. Damage-potential values assigned to proposed environmental impacts
resulting from heat-dissipation practices

Conventional MIUS

Environmental effects Once-through Once-through Wet cooling Wet cooling
fresh water salt water towers towers

Ua R_Ab U,.Rc U_Id Iu R-A U-R U-I ) U R-A U-R U-I Iu R-A U-R U-I

Air
Reduction in atmospheric visibility 1 1 1 1 1 1 1 1 2 2 2 2 1 1 1 1
Fogging and icing 1 1 1 1 1 1 1 1 6 6 5 5 1 1 1 1
Process chemical contamination
1.4.2 Particulates and aerosols 0 0 0 0 0 0 0 0 3 3 3 3 2 2 2 2
Noise 1 1 1 1 1 1 1 1 2 2 3 3 2 2 3 3
Climatic alteration 0 0 0 0 0 0 0 0 2 2 3 3 1 1 1 1
Unaesthetic appearance 0 0 0 0 0 0 0 0 3 3 3 3 2 2 2 2

Surface waters
Process chemical contamination 4 2 2 2 4 2 2 2 3 3 4 3 2 2 3 2
Fish kill 4 4 4 4 4 4 4 4 2 2 2 2 1 1 1 1 O'l

Algal bloom 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
......

Thermal enrichment 4 4 3 3 4 4 3 3 1 1 1 1 1 1 1 1 0......
Barrier to biological movement 5 4 2 2 5 4 2 2 1 1 1 1 1 1 1 1

Flow reduction 1 1 1 1 1 1 1 1 4 4 4 4 1 1 1 1

Groundwater
Raise or lower present level 1 1 1 1 0 0 0 0 3 3 2 2 2 2 2 2

ProCess chemical contamination 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Unaesthetic appearance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Land
Process chemical contamination 0 0 0 0 0 0 0 0 3 3 3 3 2 2 2 2
Vibration 1 1 2 1 1 1 2 1 1 1 2 1 1 1 1 1
Flooding 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unaesthetic appearance

Man-made structures 2 2 2 2 2 2 2 ., 3 3 4 3 3 3 3 3

aUninhabited.
bRural-agricultural.

cUrban-residential.
dUrban-industrial.



Table A. 7. Values for Index of Environmental Impact (IEI)
associated with utility site preparation

Environmental effects
MIUS Conventional

U
a

R-A
b

U-R
c

u-r
d

U R-A U-R u-r

Air
Noise 28 40 90 20 42 40 90 20
Unaesthetic appearance .-l.§. .-l.§. -i.§. ..l:..i .-l.§. 18 ....E.. ..l:..i

Subtotal 46 58 138 34 60 58 162 34

Surface Waters
Turbidity and siltation 22 24 22 18 44 48 66 36
Unaesthetic appearance 18 22 48 18 54 44 72 36
Flow reduction 0 0 0 0 0 0 0 0

SUbtotal 40 46 70 36 98 92 138 72

Ground .. ater
Raise of lower present levels 18 24 24 22 36 48 48 44 Q)

I

Biological contamination 0 0 0 0 0 0 0 0 ......
0

Unaesthetic appearance 0 0 0 0 0 --.!2. 0 0 N

SUbtotal 18 24 24 22 36 48 48 44

Land
Vibration 12 28 66 54 12 28 66 54
Alteration of drainage

patterns 16 20 16 12 48 40 32 24
Soil erosion 22 26 24 16 66 78 72 32
Flooding 0 0 0 0 0 0 0 0
Unaesthetic appearance

Landscape 20 20 26 14 20 40 78 28
Habitat destruction 22 2! 0 0 ~ ....E.. £ 20

Subtotal 92 118 132 96 212 258 280 158

Total for Site Preparation 196 246 364 188 406 456 628 308

a
bUninhabited
Rural-agricultural
~urban-residential
Urban-industrial



Table A.S. Values for Index of Environmental Impact (lEI) associated with
solid-waste treatment and disposal practices

---.-
MIUS

Environmental effects a
Landfill Incineration Conventional Incinera tion·

U
b c

U-R
d Ub R-A

c
U-R

d e
R-A U-I

Air
Reduction in atmospheric

visibili ty 0 0 26 28 36 78 44
Process chemical contamination

Noxious gases 72 90 68 96 90 136 120
Particulate & aerosols 72 78 68 48 52 102 56

Odors 24 10 81 24 40 84 40
Noise 28 60 60 42 40 90 40
Unaesthetic appearance -E:.. ~ 21 -E:.. ~ -E:.. ~

Subtotal 268 304 330 310 294 562 328

Surface
Process chemical contamination 56 64 30 28 32 30 28
Turbidity and siltation ..ill!. -i!!. .-Q. 0 .-Q. .-Q. .-Q.

SUbtotal 122 112 30 28 32 30 28

Groundwater
0\
I

Process chemical contamination 130 150 32 26 30 32 30
......
0

Biological contamination 96 120 32 24 30 32 28
w

Unaesthetic appearance ~ ~ 22. -!..i 22. 22. -1..§.
Subtotal 254 330 84 64 80 84 74

Land
Process chemical contamination 96 112 56 72 84 56 48
Vibration 12 14 22 12 14 66 36
Alteration of drainage patterns 80 40 16 16 20 16 12
Soil erosion 66 52 24 22 26 24 16
Increase undesired fauna 48 40 18 16 20 54 48
Unaesthetic appearance

Landscape 100 40 26 20 20 26 14
Man-made structure 0 0 22 48 48 66 12

Habitat destruction 88 -i!!. -!..§. ..ill!. -E:.. ~ 22.
Subtotal 490 346 200 272 304 340 206

Total Solid Waste SUbsystem 1134 1092 644 674 710 1016 636

aUnincinerated wastes.

bUninhabi ted.

CRural-agricultural.

dUrban-residential.

eUrban-industrial.



Table A.9. Values for Index of Environmental Impact (lEI) associated with
liquid-waste treatment and disposal

Environmental effects MIUS Conventional

Ua R-Ab c d
U R-A U-R U-IU-R U-I

Air
Process chemical contamination

Noxious gases 24 30 68 30 48 60 102 60
Odors 12 40 84 60 12 40 84 60
Unaesthetic appearance 18 -!.§. 21- ...l..! -!.§. -!.§. 24 ...l.1

SUbtotal 54 88 176 104 78 118 210 134

Surface Waters
Process chemical contamination 28 32 30 28 56 64 60 56
Turbidity and siltation 22 24 22 18 66 72 66 36
Fish kill 28 24 24 20 28 24 24 20
Algal bloom 48 48 48 40 72 72 72 60
Thermal enrichment 18 18 18 16 18 18 18 16
Barrier to biological movement 44 40 32 28 44 40 32 28
Unaesthetic appearance ~ 22 21- -!.§. 2! ~ ~ 22. m

I

Subtotal 208 168 338 356 344 252
.....

206 198 0
-!'>

Groundwater
Process chemical contamination 26 30 32 30 52 60 64 60
Biological contamination 24 30 32 28 24 30 32 28
Unaesthetic appearance 14 20 20 16 ...l.1 20 20 ..l:.Q

SUbtotal 64 80 84 74 90 110 116 104

Land
Process chemical contamination 48 56 56 48 48 56 56 48
Flooding 20 24 26 20 20 24 26 20
Settling and surface movement 12 16 24 16 12 16 72 48
Unaesthetic appearance

Landscape 20 --SQ. 26 14 .....1Q. .....1Q. 117 28
Subtotal 100 116 132 98 120 136 271 144

Total 424 492 590 444 626 420 941 634

aUninhabited.
bRural-agricultural.
~urban-residential.
Urban-industrial.



Table A.lO. Values for Index of Environmental Impact (lEI) associated with
electrical generating practices (no cooling devices included)

Environmental effects
Conventional Exhaust Stack MIUS Exhaust Stack

Fossil Fuel Nuclear

R-Ab V-Rc V-I d
Diesel Natural Gas

Va V R-A V-R V-I V R-A V-R V-I V R-A V-R V-I

Air
Reduction in 8 tmospheric

visibili ty 42 54 1M 88 14 18 26 22 14 18 26 22 14 18 26 22
Radionucltde contamination 26 30 30 30 78 90 120 120 26 30 30 30 26 30 30 30
Process chemical contamination
1.4.1 Noxious gases 96 120 136 120 0 0 0 0 24 60 102 60 24 30 68 30
1.4.2 Particulates & aerosol s 48 52 170 140 0 0 0 0 24 26 34 28 24 26 34 28
Odors 12 20 28 20 0 0 0 0 12 20 84 60 12 20 28 20
Noise 28 40 90 60 14 20 60 40 14 20 60 40 14 20 60 40
Climatic 81 teration 88 110 100 90 0 0 0 0 22 22 20 18 22 22 20 18
Unaesthetic appearance 2.i 2.i ..E. .2§. 2§. 2§. ....i!!. .2§. ...1J!. 18 ..1.i 14 ...1J!. ...1J!. 24 ...li

SUbtotal 394 480 730 576 142 164 254 210 154 214 380 272 154 184 290 202

Surface waters 0">
Radionuclide contamination 30 32 32 32 120 64 64 64 30 32 32 32 30 32 32 32 I

Process chemical contamination 84 96 90 84 28 32 30 28 0 0 0 0 0 0 0 0
......
0

Turbidi ty and s11 tattoo 66 72 66 54 0 0 0 0 0 0 0 0 0 0 0 0 Ul

Fish kill 2§. ....i!!. --:!!!. ....iQ. .-Q .-Q .-Q .-Q .-Q .-Q .-Q .-Q .-Q .-Q .-Q .-Q
Subtotal 236 248 236 210 148 96 94 92 30 32 32 32 30 32 32 32

Ground water
Radionuclide contamination 0 0 0 0 28 32 34 32 0 0 0 0 0 0 0 0
Process chemical contamination ...E ...&Q ~ ...&Q .-Q .-Q .-Q .-Q 0 0 0 0 0 0 0 0

Subtotal 52 60 64 60 28 32 34 32

Land
Process chemical contamina tioD 120 140 140 120 0 0 0 0 48 56 56 24 24 28 28 24
Radionuclide antaminatlon 24 28 30 30 48 112 120 120 0 0 0 0 0 0 0 0
Vibration 12 14 44 36 12 14 44 18 12 14 44 18 12 14 44 18
Unaesthetic appearance

Man-made structure ..2.i ..2.i .1!!! 2§. 48 ....i!!. ~ ..ll. ...1J!. ...1J!. ....i1 ..ll. ...1J!. ...1J!. ....i1 ..ll.
Subtotal 220 246 302 222 108 174 230 150 76 86 144 54 52 58 116 54

Total 902 1034 1332 1068 426 466 612 484 260 332 556 358 236 274 438 288

•
b~~~:~~~~~;=~l trual.
~urban-reS1dent1a1.
Urban-industrial.



Table A.H. Values for Index of Environmental Impact (IEI) associated
with heat-dissipation practices

Conventionc.l IoIIUS

Environmental effects
Once-through Once-through

Wet cooling towers Wet cooling towers
fresh water sal t water

US b c d
U R-A U-R U-I U U-R U-I R-A U-R U-IR-A U-R U-I R-A U

Air
Reduction in atmospheric

visibility 14 18 26 22 14 18 26 22 28 36 52 44 14 18 26 22
Fogging and icing 16 22 26 22 16 22 26 22 96 132 139 110 16 22 26 22
Process chemical contamination
1.4.2 ParticUlates & aerosols 0 0 0 0 0 0 0 0 72 78 102 84 48 52 68 56
Noise 14 20 30 20 14 20 30 20 28 40 90 60 28 40 90 60
Climatic 81 terat10n 0 0 0 0 0 0 0 0 44 44 60 54 22 22 20 18
Unaesthetic appearance ----2. ----2. ---2. ---2. ---2. ---2. ---2. ---2. ..J!i ...2..1 ..E. ...£ ...1§. ...1§. ...1§. 2!!.

Subtotal 44 60 82 64 44 60 82 64 322 384 506 394 164 190 278 206

Surface Waters
Process chemical contamination 112 64 60 56 112 64 60 60 84 96 120 84 56 64 90 56
Fish kill 112 96 96 80 112 96 96 80 56 48 48 40 28 24 24 20
Algal bloom 24 24 24 20 24 24 24 20 24 24 24 20 24 24 24 20
Thermal enrichment 72 72 54 48 72 72 54 48 18 18 18 16 18 18 18 16
Barrier to biological movement 110 80 32 28 110 80 32 28 22 20 16 14 22 20 16 14 O'l

I
Flow reduction 20 .2i 20 2£ 20 24 20 20 80 96 80 80 20 24 20 20 I-'

Subtotal 450 360 286 252 450 360 286 256 284 302 306 254 168 174 192 146 0
O'l

Groundwater
Raise or lower present level 18 24 24 22 0 0 0 0 54 72 48 44 36 48 48 44
Process chemical contamination 0 0 0 0 0 0 0 0 26 30 32 30 26 30 32 30
Unaesthetic appearance 0 ---2. ---2. ---2. ---2. ---2. ---2. 0 ---2. ---2. ---2. ---2. ---2. ---2. ---2. ---2.

SUbtotal 18 24 24 22 0 0 0 0" 80 102 80 74 62 78 80 74

Land
Process chemical contamina tieD 0 0 0 0 0 0 0 0 72 84 84 72 48 56 56 48
Vibration 12 14 44 18 12 14 44 18 12 14 44 18 12 14 22 18
Flooding 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unaesthetic appearance

Man-made structures .Eo .Eo -.i1 .2i -E. -E. -.i1 .2i ...1§. ...1§. ~ ...1§. ...1§. ....!l!. ~ ...1§.
Subtotal 44 46 88 42 44 46 88 42 132 146 216 126 108 118 144 102

Total 512 430 480 316 494 466 456 362 818 934 1108 848 502 560 694 528

aUninhabited.
bRural-agricultural.
cUrban-residential.
dUrban-industrial.
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6.6 INSTITUTIONAL IMPACTS

6.6.1 Home builders

Application of MIUS would be a new experience for home builders and developers, thus adding
to the risk factor in this business area. The developer or home builder must be a risk taker,
but he dislikes risk and will generally opt for those business operation modes that tend to
reduce risk. Any change in his business that increases his financial or time costs and the
cost of his product or that decreases the marketability of his product will be resisted. Any
change that decreases his financial or time costs and the cost of development or that increases
the marketability of his product will be accepted with open arms. In essence, the home builder,
as an entrepreneur, is the classical economic man. His striving is to increase income and finan
cial security.

Keeping this brief characterization of the home builder's motives and interests in mind,
the primary, secondary, and higher-order institutional impacts of MIUS on the home builder and
land developer, enumerated in Tables 5.4-5.6, are discussed qualitatively in the following sub
sections.

6.6.1.1 Primary impacts

The home builder using a MIUS would have to accept a greater planning responsibility than
would normally be required of him. Utilizing a MIUS emphasizes total life-cycle costs, as
opposed to first costs, for a development project. This emphasis on life-cycle costs expands the
range of the home builder's considerations to include energy-conserving features in buildings
and service equipment, labor-saving equipment, and, possibly, water-saving equipment. An addi
tional planning requirement with a MIUS is to integrate the expansion of the MIUS capacity with
the growth of the development. Planning the expansion of services aids in the optimum timing of
cash flows with respect to project profitability. A final planning requirement for the developer
is to assess the relative desirability of owning and operating the MIUS as a regulated public
utility or a private utility. Legal requirements and conditions related to utility classification
vary from state to state (Sect. 4.9). Hence, each developer using a MIUS must include an
evaluation of the eventual utility classification as a part of the overall project planning. The
major conditions that can apply to public and private utilities are listed in Table 6.23.

Another primary impact of MIUS use on a home builder is the availability of utilities to a
residential~commercial development. For some developments, MIUS may offer a way to proceed with
developments that would otherwise be delayed or abandoned because of environmental effects or
insufficient capacity to provide any of the required electrical, potable-water, liquid- and
solid-waste-treatment services. The ability of a properly designed and operated MIUS to provide
utility services of comparable or improved reliability and environmental quality relative to con
ventional utility systems is considered to be technically feasible. For a land developer who is
stymied by moratoria on utility service expansion, a MIUS can provide the required utility ser
vices and remove the utility impediment from the developer's concern. This positive feature of
a MIUS must be balanced, of course, against all impacts on the home builder or developer.

The final primary impact on the home builder concerns the marketability of residential
commercial developments served by a MIUS. Marketability factors unique to a MIUS-served develop
ment are multifamily, medium~ to high-density housing, and private cost to the tenant. The
multifamily (townhouse, garden apartment, high-rise apartment) character appears to follow the
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Table 6.23. Conditions of public or private classification that
may affect the operation of a MIUS by a private entity

Regulated public utility

1. State commission may regulate
or approve:

Rates charged to customers.
Abandonment of service or
property.

Standards for equipment and
service.

Areas to be served.

Expansion into new areas.

Joining with other systems.

2. State commission may require:

Franchise granted by state.

Tariff and annual reports.

Additions, repairs, or
changes in physical
property.

New facilities for extension
of service.

Service to all within physi
calor franchised area.

A performance bond to pro
tect public.

Private utility

1. May need to file certificate
of public convenience and
necessity with state com
mission to be authorized
for operation.

trend for future housing developments in many parts of the United States. Therefore, the MIUS
served development becomes a part of the growing trend toward multifamily housing, which results
in lower costs and land requirements than single-family housing. The private cost to the MIUS
tenant relative to the conventional utility tenant depends on the local tax structure and utility
classification under which the MIUS is operated. In general, this assessment has used total
societal cost rather than private-cost comparisons with conventional utility systems. However,
from a private-cost comparison for one specific case (Sect. 6.2), it appears that a MIUS develop
ment has higher annual costs early in the project and lower annual costs later in the project,
with comparable overall lifetime costs relative to a conventionally served development.

6.6.1.2 Secondary impacts

MIUS installations would affect the zoning classification of the development by virtue of
the utility operation within the development; therefore the developer would be required to obtain
a zoning reclassification or exception. Such a requirement adds to the risk of zoning approval
and the development cost through the time and presentations involved with zoning authorities.

Operation of a MIUS requires the home builder or developer to engage in an area outside his
traditional interest and expertise. Although experience with total-energy plants during the last
several decades left an uneven record of operating reliability, it is clear that the performance
of well-designed and maintained plants would satisfy all operating requirements. Therefore, the
MIUS developer must either obtain training in MIUS operation from similar installations or engage
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the services of an experienced operating contractor. The MIUS operation adds a significant time
extension to the developer's involvement in the project and, hence, encourages responsible long
term project management rather than short-term profitability.

6.6.1.3 Higher-order impacts

The transfer of ownership from the original developer to a subsequent owner-operator is a
higher-order impact of a MIUS development which could be complicated by the requirement of
continued long-term operation of the MIUS. The developer would have to consider any such trans
fer of ownership in establishing the credibility of the project with the public in a manner that
would not jeopardize project marketability.

6.6.2 Utilities

If a conventional utility, serving a given area, were concerned with the possible loss of
established or new customers for a MIUS-served development, the utility could make it difficult
for a developer to proceed with plans for an independent utility system (Sect. 4.9). If such
reactions were common, accommodation of a MIUS would require formulation of favorable government
policy, new laws, or legal determinations so that the MIUS could be installed and operated by
the developer.

However, utility companies are possible developers of MIUS, since it could assist them in
fulfilling their obligation to provide the public with adequate, reliable, and safe utility
service within the range of acceptable environmental effects. The manner of structuring utility
companies would probably require changes if they were to provide MIUS-type service, because most
utility companies supply only one or two utilities (such as electricity and gas). Although there
are numerous private water companies (one of the largest is the Indianapolis Water Company) and
quite a few private sewer companies, water and sewer services are normally a municipal responsi
bility. All the utilities supplied by a MIUS are rarely provided by one utility company or
municipality. In Knoxville, Tennessee, the Knoxville Utilities Board supplies electricity, gas,
and water; but, the City of Knoxville provides sewer and solid-waste service. A utility company
structured to generate and distribute electricity may be unwilling to enter other fields in which
they may not have expertise. Thus, many utility companies may be reluctant to incorporate MIUS
units into their system. In fact, the Public Utility Holding Company Act may be used to keep
utility companies out of the housing business. l

6.6.3 Financiers

The additional capital investment in MIUS, over that for conventional utilities, involves
financiers through the capital costs paid directly by the developer and financed, at least in
part, from financial lending institutions. The additional capital investment for MIUS that is
paid by a developer is $2900 per unit or about $2.1 million f6r a 720-unit complex (costs
estimated from data in Sect. 3.9). It was assumed that the developer had to pay for installation
of potable-water mains (1 mile) and interceptor sewers, but this requirement varies widely among
communities. Compared with financial data in Table 4.36, the additional investment of the
developer using MIUS averages 9% of the cost of sales and 21% of the assets in construction

inventories.
Although this amount of capital is fairly substantial, it appears to be of manageable
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proportions as long as the lending agencies accept the MIUS as being financially sound. Further
more, investing in MIUS relieves a nearly comparable demand for capital by conventional utilities.

6.6.4 Governments

MIUS will interact with governments at all levels, but the main areas concern pUblic health
and safety, taxes and subsidies, and regulatory agencies.

6.6.4.1 Public health and safety

Public health and safety can be expected to be treated in the same manner as if the utilities
were furnished conventionally. The main differences are in the responsible organization and in the
release of treated effluents in close proximity to more of the public.

6.6.4.2 Taxes, subsidies, and grants

Although taxes and subsidies should not be factors in determining whether MIUS is worthy of
being used, they are very real problems insofar as accommodation of MIUS is concerned. The mode
of ownership is the important consideration. Publicly owned facilities are either untaxed or make
in~lieu-of-tax payments under conditions very different from those for private facilities. Sim
ilarly, subsidies are available to public utilities, whereas there is presently no way for private
operations to receive public subsidy assistance. Thus, although there may be adequate reason to
use MIUS because of lower costs to the nation, these aspects of taxes and subsidies are an adverse
economic impact on the private sector. Widespread application of MIUS by the private sector could
be assisted by an equitable adjustment of these differences.

Most of the federal legislation described in Sect. 4.1 appears to be directed to supplying
federal grants, matching funds, or loans to state, local, or government-related agencies. Whether
a MIUS developer would qualifY for these grants is a matter of interpretation and the mechanism of
his organization. In many cases, it would appear that if the MIUS were provided by the housing
developer he would not qualify for grants or matching funds, especially in the water~pollution

control areas, where legislation appears to rule out nongovernmental, private organizations.
Concerning potential recipients of construction grants for wastewater treatment plants, Public
Law 92-500* states: .

The Administrator is authorized to make grants to any State, municipality, or inter
municipal or interstate agency for the construction of publicly owned treatment works. 2

Much the same type wording exists in many of the acts cited in Sect. 4.1. Thus, the MIUS developer
may not qualify for construction grants and subsidies, since he is not a part of the local govern
ment; however, he will be taxed by the federal government.

6.6.4.3 Regulatory agencies

There are numerous regulatory agencies that would be involved with MIUS (Sect. 4.9.5). They
involve all levels of government and are mainly concerned with protecting the public1s welfare
and interests. It may be necessary for regulatory agencies to promulgate rulings, standards, and

*Sect. 201 (g) (1) under Title II - Grants for Construction of Treatment Works.



6-111

guidelines applying specifically to a MIUS, although a MIUS is not intended to conflict with
building codes or similar regulatory rules for utility systems. It must also be realized that
regulatory rules often depend on whether the utility is considered public or private.

6.6.5 Environmental and conservation organizations

In recent years, several organizations* of concerned citizens have been formed to analyze
various aspects of government, society, and impacts of technology on the environment; express
their opinions; and attempt to influence the course of current and future events by influencing
public opinion and through legal action. MIUS should expect critical review by such organizations.
Other than the normal plan of providing responsible information, there does not appear to be any
special action required relative to these organizations. The MIUS goal of conservation of energy
consistent with protection of the environment is in general accord with the principles of this
type of organization.

6.6.6. Labor unions and professional workers

6.6.6.1 Labor unions

Labor unions may be concerned regarding the following MIUS features:
1. The substantial amount of factory fabrication anticipated.
2. Diversity of types of labor required to construct, install, operate, and maintain

a MIUS.
3. Operating practices.
Factory-fabricated MIUS subsystems should be used whenever possible. Labor realizes the

need for factory fabrication in other construction projects involving complicated machinery for
which field construction is more difficult, lowers quality, and wastes labor resources; therefore,
MIUS is not expected to cause a significant labor problem because of factory-assembled components.

Jurisdictional disputes often arise during construction projects that require new procedures,
construction materials, and equipment. Although some spectacular disputes have been given wide
publicity, an overwhelming number of these disputes is solved quickly and amicably without serious
loss of manpower. Discussions with the concerned organizations prior to initiating construction
of a MIUS could reduce the number and magnitude of such disputes.

Operating practices will involve personnel knowledgeable in many areas, some of whom may
require licensing by regulatory agencies. For MIUS to be given widespread application, operation
and maintenance are expected to be provided by organizations large enough to operate and maintain
several MIUS installations. Much of the control and operation would be automatic, and several
MIUS installations would be monitored and maintained from a central station. This method of
operation is necessary to have an efficiently run utility system at a reasonable cost and to ensure
that fully qualified personnel are operating and maintaining the utility system. Widespread
application of MIUS would create a gradual shift of occupational requirements similar to that which
has been occurring for a considerable time (i .e., a shift toward more automation and more highly
skilled jobs).

*Sierra Club, National Wildlife Federation, Friends of the Earth, and Environmental
Defense Fund.
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6.6.6.2 Professional workers

Jobs for professional workers may be affected by the specific type of equipment in the
various utilities, by an operating organization common to the several utilities, and by an
emphasis on automation; but none of these factors is expected to conflict in any substantial way.
Although a reluctance to change is common, professional workers can be expected to adapt when
they are convinced that the changes are warranted.

REFERENCES FOR SECTION 6.6

1. Michigan Consolidated Gas Company and Michigan Consolidated Homes Corporation v.
Securities and Exchange Commission, 444 F.2d 913 (1971).

2. Federal Water Pollution Control Act, Public Law 92-500, October 1972.
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6.7 PROJECTED PSYCHOLOGICAL AND SOCIAL EFFECTS

6.7.1 Goals, scope, and limitations

The purpose of this section is to forecast and assess the psychological and social effects
attributable to MIUS. The analysis focuses on different populations that might be affected by
MIUS after its successful introduction. Thus, the discussion refers to multiple MIUS installa
tions and assumes that affected individuals are either exposed to at least one operating MIUS
or that they experience its secondary effects.*

The perspectives adopted here are based on literature from environmental psychology,l-S
social-impact analysis,6-s and the area of social psychology devoted to the physical environ
ment. 9- 10 Forecasts of impacts are based on (1) theoretical analyses and (2) application of
empirical data collected for purposes other than assessing the impact of MIUS. Forecasts are,
therefore, speculative and need to be validated through empirical research. Many potential
impacts depend on the details of the execution of MIUS; for example, a mildly noisy MIUS will
probably have different effects than a silent one.

6.7.2 Levels of analysis

In examining social-psychological impacts, two levels of analysis may be distinguished.
The first deals with psychological impacts, or effects upon individuals, including both sub
jective experience and overt behavior. For this discussion, psychological impacts will be divided
into three categories: (1) attitudes and satisfaction, (2) health and safety, and (3) patterns
of activity. Attitudes t are complex responses with emotional, cognitive, and motivational
properties. One type of attitude is satisfaction, which refers to a person's general emotional
state and which may be related to the perceived "quality of life."ll Patterns of activity refer
to overt behaviors, such as choices of residences and maintenance of dwellings.

A second 1evel of analys is focuses on soci a1 impacts, or "responses of soci a1 sys tems to the
physical restructuring of their environments."? Such restructuring may occur in (1) patterns of
interaction and informal groups, (2) business organizations, (3) community and federal organi
zations, and (4) society-wide patterns of behavior. Relevant aspects of interaction and informal
groups include contacts and conflicts between individuals, cohesiveness of groups, allocation of
power in groups, relations among groups, and relations between individuals and groups.12 Relevant
aspects of organizations include their cohesiveness, degree of centralization-decentralization of
authority, vertical-horizontal structure (many vs few levels), relationships with other groups,
(cooperation vs conflict), and relations with the public. Organizations may also alter their
purposes; new organizations may form and existing ones may dissolve. Relevant aspects of
communities include social norms, cohesion, stratification, power structure, and spatial con
figuration. Societal structures other than organizations and communities again involve the in
dividual level of analysis, focusing on attitudes and patterns of activity.

*Section 4.10 discusses the psychological and social factors that might affect public
acceptance of MIUS and pose limitations on the application of MIUS technology.

tAttitudes are defined and discussed in Sect. 4.10.3.
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At each level of analysis, different populations may be affected in different ways. This
discussion focuses on the following groups: (1) residents of MIUS developments; (2) workers in
the MIUS plant; (3) neighbors of MIUS developments; (4) owners-operators of MIUS; (5) organizations
that may be affected, such as utility companies, local agencies, labor unions, and federal regu
latory agencies; (6) communities; and (7) regional and national populations. The affected popu
lations represent groups of differing sizes, and the appropriate levels of analysis for each
population vary. Table 6.24 shows the levels of analysis applied to each.

Table 6.24. Levels of analysis employed for different populations

Populations

Psychological
Attitudes Safety
Satis- &
faction Health

Levels
Impact

Patterns
of

Activity

of Analysis
Social-Psychological Impact

Inter- Formal Commu- Soci-
action & Organi- nity etal
informal zation
groups

Workers X X X
Residents X X X X
Neighbors X X X X
MIUS owner/

developer X X
Organizations X
Community X
Regional &

National
populations X X X

Note: "X" indicates that the level of analysing is applied to the population.

6.7.3 Psychological impacts

The technical aspects of MIUS that might produce psychological effects are roughly the same
as the aspects listed in Table 4.33 that might affect acceptance by potential consumers. Briefly,
these aspects include

1. Noise produced by generators, truck traffic, and/or cooling towers. (Only the noise
from the generators can be completely eliminated.)

2. Air pollution produced by generators and incinerators.
3. Odors that may accompany either routine operation or malfunction of liquid-

or solid-waste-disposal methods.
4. Adequacy of power supply, heating and cooling, and waste removal and disposal.
5. Cost of MIUS utilities services.
6. Reliability of power supply, heating and cooling, and waste disposal.
7. Independence of MIUS from other utilities.
8. Onsite manager required to operate MIUS who may allow residents and neighbors

to participate in policy planning for MIUS.
Each technical feature has potential psychological effects on several populations.

6.7.3.1 Attitudes and satisfaction

Levels of noise are regulated by national, state, and local agencies. For example, the
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Environmental Protection Agency" ... has identified an outdoor Ldn* of 55 dB(A) as the day-night
sound level requirements to protect the public from all long-term adverse public health and wel
fare effects in residential areas" (Noise Reg. 46) .13 For projects funded by the Department of
Housing and Urban Development, acceptable levels of noise inside a residence do not exceed
55 dB(A) for more than an accumulation of 60 min within 24 hr and do not exceed 45 dB(A) for
more than 30 min during nighttime sleeping hours. 14 MIUS would, of course, have to meet these
standards.

The major sources of noise from MIUS are the generators, cooling towers, and trucks that
haul fuel to the MIUS building. Since the generators and cooling fans would run for more than
60 min/day, they would have to be designed to produce noise levels lower than 55 dB(A) at the
boundaries of the installation. Available technology clearly allows this level of control over
noise. For example, a total-energy system in Boston achieved maximum noise levels of 50 dB(A)
at its boundaries for both the cooling tower and the generator. 14 (In principle, there is no
reason why the generators have to be audible at all outside the buildings.) Outdoor noise levels
of 50 dB(A) would probably mean that little, if any, noise would be audible inside the residences
of the MIUS-served development, and none would be likely to escape to neighboring areas.

The trucks that deliver MIUS fuel, however, may be more noisy. The EPA estimates that heavy
trucks produce around 84 dB(A) at a distance of 50 ft. 13 Estimates of the number of truck
deliveries required for a 720-unit installation that is served by a direct-fueled MIUS indicate
that a maximum of 4 to 13 trucks per week would be needed to satisfy peak demands. [Four
deliveries per week would mean that large tank trucks (6800 gal) would be required; smaller
trucks would take more deliveries.] A coal-fueled MIUS would require up to 8 deliveries per
week by trucks that carry 27 tons. Thus, on the average, MIUS residents may hear approximately
one noisy delivery by truck per day. Of course, the noise that actually reaches the residents
depends on their distance from the truck route, but such noise has relatively high 'energy;
therefore, its dissipation requires great distances.

In summary, if MIUS only conforms with EPA and HUD regulations, MIUS generators and cooling
towers may be audible on the grounds of the development [55 dB(A)], and the truck traffic [84
dB(A)] could be audible inside some of the dwellings. Thus, noise could have a limited impact,
depending on the details of the design of the MIUS building and its location in relation to the

residences of MIUS consumers.
Research on the psychological effects of noise suggests that the louder the noise is, the

more negative peoples' attitudes are. For example, in a survey of 3500 people in widely separated
areas, the amount of expressed annoyance regarding noise was reported to vary directly with the
level of noise. 1S A survey of Detroit residents also showed that concern over noise increased
with the level of noise,16 especially if the noise was produced by vehicles. This point is im
portant in light of the requirement of trucks for fuel delivery to a MIUS.

Apparently, negative attitudes toward noise are especially intense if the noise is audible
inside a residence. One surveyl? found that only 7% of respondents were annoyed by road noise
when they were at work, 21%, in outdoors locations; and 36%, at home. If MIUS or its trucks pro
duce noise audible in the homes of residents, its adverse effects may be greater than would be
predicted for similar noise audible only outdoors.

Other research suggests that attitudes toward noise depend upon characteristics of the
individual. An EPA report on the social impact of noise suggests that from 2 to 10% of the

*"Ldn" is a scale of noise that refers to the noise level during a 24-hr period, with
added weight for certain types of noise at night.
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population is highly susceptible to noise of almost any intensity, whereas another 20% of the
population barely responds to noises considered quite intense. 1S Another study examined the
personal characteristics that predict expression of annoyance or concern over noise. 1S Results
indicated that the following characteristics are associated with a relatively high likelihood of
complaints: (1) high socioeconomic status; (2) professional, managerial, or skilled occupation;
and (3) home ownership. Another study associated age with a tendency to complain about noise. 16

Attitudes toward noise also seem to depend on attitudes toward the source of the noise.
One writer holds that the practical value of the noise source to a community may affect attitudes
toward it. 19 Similarly, a laboratory experiment showed that noise produced greater annoyance if
its source was an object toward which the individual held a negative attitude. 2o Other re
searchers report relatively high tolerance for noise in neighborhoods where residents work for
industrial concerns that produce the noise. 1S The EPA states that

... if two people live near a highway and one uses it for commuting while the other
walks to work, the walker is much more likely to complain about noise and air pollution
due to automobiles than is the person who drives. 1S

It follows that residents of a MIUS-served development may tolerate noise from MIUS if it performs
an important function for them.

In summary, research findings on noise have three implications for the effects of MIUS on
attitudes.

1. The intensity of noise that MIUS produces may determine the extent of negative
attitudes among residents and neighbors, especially the noise produced by fuel
delivery vehicles and especially if it is audible inside residents' households.

2. Noise apparently affects some people more than others; for example, high-income
people may be especially affected (if these people develop unfavorable attitudes,
then MIUS installations may become disproportionately populated by lower-income
residents).

3. If the noise produces annoyance, it may lead to unfavorable attitudes toward
MIUS, decreased satisfaction, and decreases in the perceived quality of life
among residents. These relatively undesirable effects depend on the level of
noise that MIUS actually produces; they may be minimized if (1) the MIUS is in
sulated against transmission of generator noise; (2) the cooling-tower fans are
as quiet as is technically feasible; and (3) the truck traffic is quiet, routed
far from dwellings, and scheduled for times when residents are not likely to be
at home.

Air pollution

As indicated in Sect. 3.9.6, MIUS is expected to emit small amounts of several different
types of air pollutants, including hydrocarbons.* Research on air pollution suggests that
attitudes and satisfaction are most affected by visible, or otherwise detectable, pollutants.
For example, a survey of Detroit residents indicated that forms of pollution visible through
observation of dirt or corrosion were most likely to influence attitudes. Thus, dustfall,
suspended particulate matter, and sulfur dioxide influenced attitudes the most, and carbon
monoxide and lead had the least influence. 16 Results of a study in Birmingham, Alabama, also
showed strong relationships between concern over pollution and levels of dustfall and suspended

*,
The levels of pollution by MIUS will, of course, meet federal air-quality standards;
however, psychological effects may occur because of irritation produced by acceptable
levels of pollution.
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matter. 21 Thus, attitudes toward MIUS may depend to a great extent upon the appearance of
pollution-free operation.* These effects are most likely among residents and neighbors. However,
among residential neighbors who notice a decrease in air quality, the negative effect on attitudes
may be pronounced, since these neighbors may expect or experience a decline in the value of their
property because of a new, nearby source of air pollution.·r This effect would be unlikely in areas
where pollution levels were already high or in semicommercial areas where neighboring businesses
would gain customers from the MIUS development.

By definition, odors are detectable by at least a fraction of the population and therefore
represent a type of noticeable air pollution. Odors may thus influence attitudes in much the
same way as visible air pollution. If MIUS produces objectionable odors because of (1) malfunction
or operation of the liquid-waste system, (2) malfunction of the solid-waste system, or (3) incin
eration of garbage, the result may be unfavorable attitudes toward MIUS among residents and neigh
bors.

Reliability, adequacy, and cost of utility services

One way to estimate the effect of reliability of service on attitudes of MIUS users is to
extrapolate data on the reliability of electric companies. A national survey of 1431 people con
ducted in 1973 by the Becker Research Corporation reported that 48% of the sample thought the
electric company provided "reliable service."22 Of these subjects, 63% had a "very favorable"
attitude toward the company, and 4% had an "unfavorable" attitude. On the other hand, of the
8% who thought the company unreliable, nearly half (43%) had an "unfavorable" attitude. The
investigators concluded that "companies that do a 'very good' job on reliability ... are much
more highly regarded than those that do not...."22 Reliability was apparently critical to a
positive attitude toward electric companies. Reliability may also be important in attitudes
toward MIUS. In fact, reliability of electricity may even be more important for MIUS, because
consumers may see reliability of power as a reflection of the capability of MIUS to provide other
services.

Another feature of reliability is its relationship to attitudes about the costs of utility
services. In the Becker survey, of the 48% of subjects who thought that the electric company did
a "very good job" on reliability, only 21% thought rates were too high. But of the 8% who
assessed the electric company's reliability as fair to poor, 47% thought they were paying too much.
Consumers with what they saw as rel~tively unreliable service were about twice as likely to think
they had been overcharged.

There is also evidence that a single malfunction may have only minor effects on attitudes.
Following a power failure in 1967, the Edison Electric Institute surveyed attitudes toward power
companies, asking for reports of unsatisfactory service. 23 There was almost no effect of the
power failure on public attitudes. This power failure occurred with a company that had delivered
years of reliable service; for a recently introduced MIUS installation, a failure may be more

*The possibility of harmful but undetectable pollutants must be addressed by federal
regulations. Possible health problems are discussed in Sect. 4.3.

t The effects of a MIUS in a residential neighborhood may be similar to the effects of
a new, relatively innocuous industrial concern.



6-118

important because of the relatively short period in which MIUS has proved itself. The implica
tion for MIUS is that unreliability can adversely affect attitudes toward MIUS and reactions to
service prices. But occasional interruptions in service may not have a great deal of impact.

Although unreliable service will probably mean unfavorable attitudes, it is not as clear
that reliable service will guarantee positive attitudes. In the Becker survey, 70% of the sample
agreed with the following statement: "I seldom think of my electric company, and as long as the
power stays on, I pretty much take it for granted."22

Adequacy of services also may affect attitudes. If the quality of service (heating and
cooling and waste treatment) is perceived as high, favorable attitudes may result.

The fact that MIUS treats liquid waste and recycles water for non-potable uses poses a poten
tial problem: Residents and neighbors may fear contamination of their potable water supply
through malfunctions of the system, or they may even believe that it has occurred when in fact it
has not. A study by Dillehay and colleagues showed that attitudes about water quality varied with
the perceived origin of the water, even though the actual quality of the water remained constant. 24

Thus, attitudes toward MIUS related to the reliability and adequacy of its services could con
ceivably affect the perception of water quality.

Just as reliability and adequacy can affect consumer attitudes regarding costs of services,
the costs may affect attitudes toward the services. Consumers who pay relatively low prices might
be inclined to overlook minor sources of annoyance such as low-intensity noise or mild increases
in air pollution. This point receives indirect support from a survey of 350 residents of a small
community where a nuclear power plant was about to be built. 25 Residents thought the plant was
likely to bring undesirable levels of crowding and congestion, but their attitudes were more
strongly related to the economic benefits of the power plant, such as inexpensive power. Thus,
favorable attitudes among MIUS users may depend heavily on the prices they pay for MIUS services;
however, the cost of services is unlikely to affect neighbors' attitudes.

Independence of MIUS from conventional utilities

One possible psychological effect of MIUS is the satisfaction among residents because of de
creased reliance on remote parties for utility services. Such satisfaction might also be associ~

ated with a territorial orientation toward the MIUS, which could be associated with a sense of
ownership or control over the MIUS.26 These reactions may be intensified if consumer participation
is allowed in the planning of MIUS and in decisions on policies related to its operation.

Onsite manager of MIUS

For both residents and neighbors, the occasional accessibility of a specific person respon
sible for the operation of MIUS allows consumers to influence policies related to MIUS. Research
from organizational psychology suggests that participation in planning may result in favorable
attitudes toward decisions about policies. 27 In the case of MIUS, participation in decisions re
garding policies of MIUS management by residents and neighbors may make their attitudes more
favorable.

Summary of effects on attitudes

Apparently, the attitudes of two populations are likely to be affected by MIUS - consumers
and neighbors. Consumers' attitudes are likely to be unfavorably influenced, to a limited extent,
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by air pollution, but this effect may be lessened by the fact that MIUS performs necessary ser
vices for consumers. Noise may also downgrade consumers' attitudes, but it can be minimized.
Low-cost service will favorably affect consumers' attitudes. Reliable, adequate service may be
taken for granted, but unreliable service could damage their attitudes. Independence from con
ventional utilities and participation in MIUS policy planning may favorably affect consumer
attitudes. Neighbors may show minimal tendencies toward negative attitudes toward MIUS because
of air pollution. Positive attitudes may develop if the onsite manager allows them to participate
in MIUS-related policy planning.

Attitudes among both consumers and neighbors are unlikely to remain stable over time. In
stead, they may be expected to change with conditions, especially with changes in the availability
of fuel, the cost of electricity, and policies regarding pollution. For example, as fuel and
power cost more and as regulation of pollution increases, it is possible that attitudes toward
MIUS will become more favorable.

6.7.3.2 Safety and health

Many of the technical subsystems of MIUS can affect the safety and health of workers, resi
dents, and neighbors. Some of these, such as the treatment and containment of liquid wastes, the
acceptable levels of air emissions, and the handling of solid waste, are regulated by local, state,
and federal governmental agencies. However, even the regulated aspects of MIUS, especially noise
and air pollution, could produce effects on health and safety.

One important potential effect of noise is stress, which is an individual response to aver
sive conditions which involves both subjective discomfort and physiological effects. 28 A recent
series of experiments by Glass and Singer investigated the stress-producing effects of noise by
examining physiological responses and performance of tasks. 29 ,3o Findings indicated that, during
exposure to noise, individuals showed initial stress but adapted (their responsiveness decreased
over time). Only the performance of complex tasks was disrupted during exposure to noise. But,
in spite of adaptation, unpredictable, uncontrollable noise led to adverse effects that emerged
only after the noise stopped. These negative aftereffects occurred in the form of decreased
performance of tasks and decreased persistence on tasks. Even when the noise was relatively
soft [56 dB(A)], it produced negative aftereffects if the research participants could neither
control nor predict it. The implication for MIUS is that, if it causes unpredictable noise, even
at levels acceptable under federal standards, the effects may include (1) stress during initial
exposure and (2) eventual decrements in performance. Such effects are possible in a very mild
form as a result of truck traffic to the MIUS building. For residents, however, control over
noise may be partly achieved through participation in operation of the MIUS facility. Predicta
bility can be achieved by making the truck deliveries occur at the same times each week.

The results of the Glass and Singer experiments imply that noise could be associated with
health problems. Consistent with this idea, a study conducted in Sweden reported that such
symptoms as headache, insomnia, and nervousness increased as annoyance over traffic noise in
creased. 31 ,32 Other reports also link noise with health problems. Thus, it is conceivable that
the noise from MIUS could produce health problems under some circumstances. As with negative
attitudes associated with noise, these detrimental effects depend on the extent to which MIUS
is effectively insulated against sound.
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Air Pollution

Several studies suggest that as the levels of various air pollutants increase (especially
S02 and NOx) , so does the incidence of such health problems as common colds and respiratory
infections. 33 ,34 Since MIUS brings a source of air pollutants into close proximity with neighbors
and residents, their exposure to these pollutants may be higher than with remote conventional
utilities, and health problems may be greater. This effect depends on the degree of air pollution,
which is expected to be minimal.

6.7.3.3 Patterns of activity

One assumption underlying an analysis based on attitudes and satisfaction is that these psy
chological effects have direct implications for behavior. Recent research evidence supports the
assumption; a single attitude seems to affect a variety of behaviors. This section concerns rela
tively nonsocial patterns of activity, such as behaviors directed toward the physical environment.
Subsequent sections deal with social impacts. Two types of nonsocial behavior may be distin
guished: (1) behavior related to attitudes, such as low occupancy rates as a consequence of
disliking an apartment complex; and (2) behavior related to physical conditions, such as illness
or absence from work as a consequence of health problems stemming from stress.

Individual behavior related to attitudes

The relationship between attitudes toward dwellings and patterns of behavior can be illus
trated by the ill-fated Pruitt-Igoe housing project in St. Louis, Missouri. 26 Completed in 1955,

the project contained 2764 apartments in 33 high-rise buildings. The apartments were designed
for low-income families who had lived in slums. Despite optimistic publicity for the project,
the residents expressed dissatisfaction with their apartments. For a variety of reasons,
including negative attitudes among residents,35 the vacancy rate began to climb; length of occu
pancy declined; damage, vandalism, and poor maintenance plagued the buildings; crime became a
serious problem. The city of St. Louis finished tearing down the last of the buildings in 1972. 26

This extreme example illustrates the potential contribution of unfavorable attitudes to individual
behavior.

In the case of MIUS, unfavorable attitudes toward the housing development may influence
several consumer behaviors: (1) length of occupancy, (2) upkeep of dwelling units, (3) prevention
of damage to dwelling units and grounds, and (4) prevention of vandalism.* If MIUS residents
show a relatively high rate of turnover and if they allow their apartments to deteriorate, the
result may be financial loss to the developer or owner.

High rates of vacancy and turnover have other implications. For example, turnover is most
likely among high-income residents who can afford alternate housing. Thus, MIUS developments
could become disproportionately populated by low-income families, which could alter the composition
of the surrounding neighborhood. The result would be a slight redistribution of the community
population, which in turn could alter other features of the community, such as the tax base in a
school district, the distribution of children in the schools, patterns in the use of nearby
businesses, etc.

*These behaviors are likely to occur only for renters and not for people who own houses
or condominiums. Owners with an economic interest in their residences are expected to
maintain their property, but negative attitudes could produce unusually high rates of
turnover and vacancy.
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Individual behaviors related to physical conditions

As indicated above, the extent of noise and air pollution may have limited effects on the
health of residents. Secondary effects may include increases in absence from work, decreases in
work performance, and increases in visits to doctors, clinics, and hospitals. These effects are
likely to be minor, if air pollution is minimized.

A more likely possibility is that air pollution may reduce the amount of outdoor activity.
A recent unpublished study in Los Angeles concluded that

.•. when weather variables are (statistically) controlled, increased levels of air
pollution are associated with a reduction in the number of participants in recreation
activities in the Pomona Valley.... 36

Similarly, if MIUS is associated with increased air pollution, outdoor activity near it may de
cline, along with resident satisfaction. To the extent that pollution is minimized, such effects
on behavior will also be minimized.

6.7.4 Social-psychological impacts

This section describes changes in patterns of interpersonal interaction and changes in the
structure or behavior of larger social units that might accompany MIUS. Many of these effects
are secondary; they may accompany certain primary effects of MIUS, which in turn depend on the
details of the execution of MIUS. Forecasts of social impacts are more speculative than fore
casts of psychological effects, because social effects are further removed from their hypo
thesized causes.

The following characteristics of MIUS, along with some of its psychological effects, may
provide a basis for predicting social impacts.

Characteristics of MIUS
1. Independence of MIUS-served developments from utility lines, which allows MIUS

served developments to be located in remote areas.
2. Necessity for specially trained operating staff.
3. Onsite manager who will presumably be accessible to consumers, neighbors, and

community residents.
4. Conservation of fuel by MIUS.
5. Relatively high population density in MIUS-served developments.
Psychological effects of MIUS
1. Attitudes among consumers, neighbors, community residents, and utility companies.
2. Possible changes in patterns of activity, especially choices regarding location

of residences.

6.7.4.1 Interaction patterns and informal groups

Residents of MIUS developments

Assuming that MIUS developments attract populations of roughly the same composition as com
parable non-MIUS developments,* their common dependence on the MIUS may provide a basis for the

*This assumption may not hold if specific segments of communities develop extremely
favorable or unfavorable attitudes toward MIUS (Sect. 4.10).
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formation of groups, especially in light of their proximity and opportunities to talk. If the
MIUS works smoothly and is taken for granted, this effect is relatively unlikely. However, MIUS
consumers may quickly form into informal groups if the MIU~ malfunctions, gives poor service, or
otherwise elicits unfavorable attitudes. The formation of such groups has been documented under
a variety of conditions where a population shows a common threat or crisis. 37 Such groups would
probably seek relief by pressuring the MIUS manager or by hiring lawyers. However, prolonged
action by such informal groups would require leadership, organization, and resources (Sect. 4.10).

Neighbors

If MIUS provides them with a basis for negative attitudes, neighbors also might form in
formal pressure groups. Precipitating conditions may include such things as air pollution, odors,
or spillage from the MIUS pond; however, air pollution will probably be minimized, and one clear
goal of MIUS is to avoid malfunctions that would produce odors or spillage. Perhaps the most
important class of precipitating events includes possible decreases in property values or a per
ception of decreases in property values. However, not all groups of neighbors will necessarily
share negative attitudes toward MIUS.

MIUS operating staff

The individuals who operate and maintain MIUS installations may have more contact with cus
tomers than their counterparts in conventional utilities. Because the MIUS plant is within
walking distance of most dwelling units in the development, a consumer who wants to talk with the
MIUS staff has only to go there. The accessibility of MIUS staff to customers and the resulting
opportunities for interaction may provide consumers and neighbors a sense of greater control than
they experience with conventional utilities, especially if consumers are allowed to participate
in policy planning. On the other hand, if the MIUS staff adopts a closed-door policy, their
proximity may actually worsen the relationships between the MIUS staff and customers and neighbors.

MIUS staff members at one installation may develop friendships with each other and possibly
with consumers and neighbors. But the staff at one installation may be relatively small in com
parison with the group of fellow employees available in conventional utilities. Social psychology
research suggests that, in relatively small groups, individuals tend to develop friendships with
fewer people but tend to spend more time with each. 38 Thus, the MIUS staff may develop small,
cohesive groups of friends at separate installations, in contrast to the larger group of more
superficial acquaintances at a centrally managed utility company. In large organizations, where
individuals deal with many different people, one consequence is Idepersonalization." 39 This
phenomenon may be relatively uncommon in MIUS staffs and clientele.

MIUS owner and/or developer

For the owner-developer who chooses a MIUS, perhaps the greatest impact will be the possible
necessity of dealing with different people than are associated with conventional utilities. This
may occur in (1) ordering construction materials and labor, (2) obtaining financing for the MIUS
system, (3) obtaining building permits, (4) passing inspection and obtaining licenses as required
by local laws, (5) finding and maintaining a supplier of fuel for the MIUS, (6) keeping a stock
of spare parts and replacement equipment, and (7) hiring a staff with the skills necessary to run
the MIUS. The fact that MIUS provides waste-disposal services may also necessitate location of a
site for converting waste residue into landfill.
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One outcome of this apparent necessity for different interpersonal contacts in managing a
MIUS vs using conventional utilities is that MIUS owners-developers may have to expend consider
able time and effort in changing to MIUS. Further, the use of a MIUS may mean that the owner
developer has to deprive old friends of potential business. For example, a developer usually needs
to know at least one supplier of furnaces and air conditioners. Perhaps even more important, the
MIUS developer may be deviating from customs established by other local developers; thus, the owner
developer may even risk offending others in his or her business community.

These effects may be minimized under many circumstances, but in small towns where developers
have limited circles of friends, such effects could pose problems. If MIUS requires the estab
lishment of substantially different business contacts by MIUS developers, then the developers may
begin to specialize in MIUS or conventional utilities but not both.

6.7.4.2 Formal organizations*

By definition, an organization is a group in which individuals occupy specific roles that
serve the goal (or goals) shared by the group. For our purposes, "formal" means that at least
the administrative members of the organization are paid professionals. Organizations that might
not be affected by MIUS include utility companies, associations of utility companies, and local,
state, and federal agencies. Groups of MIUS neighbors and MIUS consumers are viewed as unlikely
to form formal organizations.

Business organizations

The most highly developed business organizations likely to be affected by MIUS are electric
companies and gas companies. Both types of companies have regional organizations, and electric
companies have national organizations (e.g., the Electric Energy Association based in
New York City). Both have centralized organizational structures. The impact of MIUS on these
organizations depends on whether they own and operate MIUS, or whether independent companies
own and operate MIUS. If the electric companies operate MIUS, they may (1) gain customers,
(2) add generating capacity (if MIUS installations are connected to the grid), and (3) attract
capital investments. However, the nature of MIUS requires small, onsite crews which could create
problems for a large, centrally located organization with a centralized structure. One result
may be a change in the organizational structure: Electric companies may become more decentralized
(i.e., they may have to delegate policy decisions to relatively low levels in the hierarchy).
Similarly, MIUS may call for organizations with less specialized managerial personnel, more highly
trained workers, and fewer levels of authority. Thus, the major impact of the operation of MIUS
on electric companies would be on their organizational structure.

On the other hand, if MIUS is independently owned and managed, it poses a source of compe
tition for electric companies. One result may be a loss of potential customers. But more impor
tant is the possibility of electric companies losing capital that might otherwise finance new
installations. The result could be a limitation of growth. Thus, electric companies would have
reasons to oppose independent MIUS installations. However, there is also evidence that the current
pUblic opinion of electric companies is that they have too little competition. 4o Thus, an inde
pendent MIUS could provide an advantage to electric companies.

*The definition of "formal organization" used here includes some "institutions" discussed
in Sect. 6.6.
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If electric companies treat MIUS as a source of competition, they can probably do a lot to
keep MIUS from proliferating. Not only could they employ such economic measures as selective re
ductions in rates and artificial shortages of electrical generating equipment, but they could
mount negative publicity campaigns and use political influence (for example, friendships with
heads of local regulatory agencies) to limit the application of MIUS.

The nature of the impact of MIUS on electric companies and their consequent responses depend
on the extent to which the companies attempt to operate MIUS themselves, or whether they treat
MIUS as a source of competition. 41 Given that there are 134 holding companies for electricity
distributors, the outcome will probably include both reactions. Consistent with this prediction,
a recent informal study of the reaction of electric holding companies to "total-energy systems"41
showed that responses of electric companies were mixed: some companies were "interested," others
"flatly rejected the idea," and some were noncommittal.

Another group of business organizations that might be affected includes manufacturers
distributors of furnaces and air conditioners. Whereas these small organizations could lose
business because of MIUS, an equally plausible outcome is that they will simply expand their
operations to include the types of equipment necessary for MIUS. Similarly, private garbage
disposal companies could lose potential business because of MIUS, but they could also contract
with the MIUS owner-operator to haul solid waste from residences to the MIUS incinerator; such
an arrangement would relieve the MIUS manager of the necessity to buy trucks and retain personnel
to drive and maintain them. Thus, it is possible that organizations concerned with air condi
tioners, furnaces, and solid-waste disposal will experience only minimal impact attributable to
MIUS.

State and local planning and regulatory agencies

For state and municipal regulatory organizations, perhaps one of the most important features
of MIUS is the potential for MIUS-served housing developments to be erected virtually anywhere.
Most communities regulate the development of their land through zoning; the availability of MIUS
may make more land subject to development, which may add to the number of requests to rezone
tracts of land; thus, MIUS could add to the workload of regulatory organizations. Furthermore,
MIUS may necessitate the development of new laws and regulations, which could mean that new
agencies will be formed and that legislative committees may have to either consider regulations
related to MIUS or be formed to consider such regulations. (See Sect. 4.9 on the legal implica
tions of MIUS.) MIUS may aid in municipal and regional planning by allowing greater flexibility
in the location of new developments. (Such flexibility, however, may be viewed by some residents
of a community as a threat to the existence of certain undeveloped areas.)

Labor unions

Some writers have suggested that MIUS will require a specially trained staff. 42 These
workers could come from existing unions, with only minimal changes in the current structure of
labor unions. However, it is possible that MIUS workers will try to form their own union, which
could produce a need for negotiations and perhaps some degree of conflict within or among unions.

Federal agencies

Federal agencies concerned with the quality of the environment may be reorganized so that
personnel could be assigned to conduct research on MIUS and to consider regulations related to
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its operation. Similarly, agencies concerned with the quality of housing may have to prepare
statements concerning MIUS. These demands can be expected to produce only minor changes in the
structure of federal organizations. Currently, it appears that such adjustments would occur in
the Environmental Protection Agency, the Department of Housing and Urban Development (which
already has substructures related to MIUS), and perhaps parts of the Department of Health,
Education and Welfare.

6.7.4.3 Communities

Social norms

A "norm" is a habitual pattern of behavior or belief that characterizes a collection of
individuals. 37 A group tends to disapprove of individuals who violate norms that are important
to the group. MIUS may eventually make two new community norms more likely: (1) fuel conser
vation, because MIUS residents can be expected to consume less fuel per capita than non-MIUS
consumers; and (2) containment of waste and pollution on the site of the people who receive the
service. However, these new patterns of behavior depend on many factors, especially the extent
to which the MIUS and its characteristics become common knowledge throughout a community. If
MIUS is unknown, its effects on social norms will be practically nonexistent.

Community cohesion

The cohesiveness or solidarity of a community depends on many factors, such as its size and
the stability of its population. MIUS may contribute to cohesiveness by introducing the common
goals of conserving fuel and taking responsibility for one's own waste products. On the other
hand, MIUS could work against community cohesion by producing conflicts among segments of a
community. The following areas of conflict may be envisioned.

1. Location of new housing projects. MIUS makes land that may be inaccessible to
conventional utilities available for development. Associated issues concern the
construction of roads and shopping areas for these newly accessible sites.

2. Tax equity. MIUS consumers pay for their own waste disposal. Communities may
be reluctant to make reductions in taxes or fees paid by MIUS consumers for
municipal solid waste disposal or sewage services.

3. Origin and training of MIUS personnel. MIUS may require specially trained
staff. 41 Thei r trai ni ng wi 11 ei ther have to come from wi thi n a communi ty
(which would require modifications in local technical training) or from
outside the community. If training and/or personnel have to come from out
side the community, conflicts might arise over jobs that could have gone to
local residents.

Another way in which MIUS may work against community cohesion concerns the formation of co
hesive groups within MIUS-served developments. To the exte~t that residents give their allegiance
to their housing development, a community may become fractionated into smaller groups, each
pursuing its own interests. These negative effects on cohesion may be more pronounced in small
communities than in large towns or cities.
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Spatial distribution of community residents

As long as MIUS-served developments attract residents from roughly the same segments of a
community as conventionally served developments, the spatial distribution of a community will be

*uninfluenced by MIUS. An exception to this point involves housing developments in areas that
would be inaccessible to conventional utilities. Such developments may affect the location of
residents without affecting the concentration of people with specific characteristics into
specific areas. However, if MIUS appeals to certain segments of a community and if these people
are not from the same population that fills conventionally served housing developments, then the
community could become redistributed because of MIUS. For example, if MIUS appeals to upper
middle-class residents and the conventionally served developments appeal to the lower middle class,
then upper and lower middle-class residents may become redistributed; the upper middle class (or
whichever group prefers MIUS) may be disproportionately represented in MIUS-served developments.
The likelihood of this outcome is difficult to predict without data on attitudes toward MIUS.

Community stratification and power structure

If MIUS appeals to a population of a specific income, occupation, and/or status, then people
may begin migrating to communities where MIUS-served developments have been constructed. The
outcome for a community containing a MIUS would be an increase in the number of people at a
particular socioeconomic level. For example, if MIUS consumers tend to be from professional
occupations, then a community may be occupied by more professionals than it otherwise would. How
ever, migration depends on the availability of jobs, so a shift in the number of people in various
strata of a community produced by MIUS would be slow to develop and probably of only minor impor
tance compared with other influences on migration.

Other effects on community stratification or power structures are expected to be negligible.

6.7.4.4 Societal impacts: national and regional populations

At the level of regional or national populations, effects appear most likely in the realms
of public issues, values, and patterns of behavior (sometimes called "life-styles"). Although
such outcomes are difficult to predict, the following appear most likely.

1. Value for'conservation of fuel. Current values seem to favor fuel-economy, and a
system that actually saves fuel at no additional cost may contribute to a national
trend toward conservation. 43

2. Debate over development of remote land. MIUS will allow development of remote
land, without the necessity of power lines or other utility lines and without
appreciable pollution of adjoining areas. Public debate over new development
will probably center on the value of undeveloped land for "green space," water
shed, wildlife refuge, and outdoor recreation vs the need for more housing.

*Of course, new housing developments always redistribute a community to some extent.
However, this discussion focuses on redistribution attributable to MIUS, which would
involve disproportionate use of MIUS housing by some segment{s) of the community.
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3. Trend toward high-density housing. MIUS may increase what appears to be a
current trend toward smaller dwellings and concentration of a large number of
dwellings per unit of land. This change may mean a decrease in the amount of
privacy available to individuals and an increase in the importance of the
problems and benefits of an urban life-style.

4. Trend toward centralized government. MIUS may contribute to the development of
many small MIUS-served communities, the operation of which is relatively in
dependent of state and municipal agencies.

6.7.5 Summary and conclusions

MIUS may have many psychological and social effects, but most of them depend on the ways in
which MIUS is implemented. Populations likely to be affected by MIUS include residents of MIUS
served developments, the MIUS owner-developer, the MIUS operating staff, neighbors of MIUS-served
developments, organizations, communities, and the national population. Pyschological effects
refer to impacts on individual attitudes, health, or activities. Such effects may be expected in
several populations. Residents' attitudes will depend on the reliability and adequacy of MIUS
services and the extent to which noise, air pollution, and truck traffic can be minimized.
Neighbors' attitudes depend on the extent to which MIUS minimizes malfunctions and air pollution.
Given that MIUS provides safe, reliable, and adequate utility services, these effects are likely
to be minimal.

Social-psychological effects refer to changes in patterns of interpersonal interaction or in
the structure and activities of larger social units. Many of these effects may stem from the
possibility of MIUS-served developments being in remote locations, the independence of MIUS-served
developments from conventional utilities, the need for a specially trained staff, and the
conservation of fuel. MIUS residents may form their own cohesive groups, and the MIUS staff may
also form groups. MIUS owners-developers may have to develop a special set of business contacts
in order to operate a MIUS. Utility companies may decide to operate MIUS, which would mean re
organization, or they may oppose MIUS. Local, state, and federal agencies may have to reorganize
slightly as they consider new issues related to MIUS. Communities may develop new areas of con
flict over MIUS, and they may develop new norms related to fuel conservation. The national pop
ulation may experience changes in values and life-styles, especially related to high-density
housing and conservation of fuel.

All these forecasts of impacts are based on limited information. They should be regarded
as hypothetical until empirical data can be collected to assess their validity.
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6.8 IMPACT OF MIUS ON FOSSIL-FUEL RESOURCES

The U.S. total gross consumption of energy resources by major sources and consuming sectors
and the projected annual consumption of fuels by electric utility power plants in the absence
of MIUS are given in Sects. 3.3 and 4.5 .. Also given in Sect. 4.5 are the estimated reserves,
production, and supplies of the major fuel resources of gas, oil, coal, and nuclear fuels as
projected to the year 2000. The fuel energy that MIUS might save is discussed and summarized
in Sect. 3.9. It was estimated that a MIUS, as represented by Model A, serving a garden
apartment consumer model (or the equivalent) would save energy relative to several alternative
conventional utility models, in a wide range of climates.

The purpose of this section is to estimate and compare the amounts and kinds of fuel
consumed by the new conventional electrical generating utilities with that which would be
consumed by the widespread application of MIUS, and to relate the resultant usage to the fore
casted national consumption of the fuel resource.

6.8.1 Assumptions

The analysis is based on data presented in other sections of this report including the
following assumptions.

1. The consumers to be served by either MIUS or conventional systems will occupy
about 200,000 dwelling units by 1980 and 400,000/year from 1980 to 2000.

2. Consumers will dwell in multifamily developments with service requirements equal
to the 720-unit garden-apartment development analyzed in Sect. 3.9.

3. The average of fuel requirements in the five climates considered represents a
national average that accounts for geographic consumer distribution.

4. MIUS are represented by Model A (described in Sect. 3.9.2) which uses natural-gas
fuel. Alternative models using diesel engines and coal-fired heaters and turbines
are also evaluated.

5. Conventional utilities are represented by an equal mix of Models C, D, E, and F
(described in Sect. 3.9.3).

6. The mix of types and efficiencies of conventional electrical generating plants
is given in Tables 3.8, 3.13, and 3.14. Characteristics specified for 1975,
1985, and, 2000 are assumed to vary linearly between these dates.

7. Consumer utility consumption remains the same from 1975 through the year 2000.

6.8.2 Energy savings of MIUS with respect to conventional system models

Table 3.96 presents the calculated percentage of MIUS energy savings with respect to
conventional system models serving a 720-dwelling-unit garden-apartment complex, averaged
over the period 1975 to 1985. The overall average of all models and the five climates during
this period was 26.8%, which, for the purpose of this estimate, is assumed as a nationwide
average energy saving. A similar analysis for the period 1985 to 2000 resulted in an. overall
energy savings of about 24.0%. Energy savings were estimated to increase slightly from 1975
to 1985 and then decrease because of the assumption of installation of the more efficient
liqUid-metal fast breeder reactors (LMFBRs).
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6.8.3 Average fuel consumption of MIUS

From Table 3.94, the nationwide average energy consumption of MIUS for a 720-unit garden
apartment complex is estimated to be 9.35 x 1010 Btu/year per development. This value is based
on an average electricity consumption of 7.41 x 106 kWhr/year per development (2.53 x 1010

Btu/year) and an average auxiliary boiler energy consumption of 0.63 x 10 10 Btu/year. The
total fuel consumed by a MIUS development would then be equal to the sum required for the
prime mover plus that required to operate the auxiliary boiler, as given by

F = ~ [ 2.53 ~p10
10

+ 0.63 X 1010J

where
F = fuel consumption of MIUS development, units of fuel per year;
H heating value of fuel, Btu per unit of fuel; and

Ep efficiency of prime-mover generator, fractional value.

Using the average total energy consumption of 9.35 x 1010 Btu/year (equal to F x H),
calculated using gas engine performance, the average generating efficiency (Ep) for use of
gas engines was 29%, which corresponds to an average engine load of about 70%.

The annual nationwide average fuel consumption for each MIUS fuel option is estimated
as shown in Table 6.25, using the following assumptions.

1. Net generating efficiencies with other prime movers are: diesel engines - 32% at
70% engine load (Sect. 2.3); coal-fired units - 25%.

2. The unit heating values for the fuels are:

Heating value
Fuel

Gas, Btu/ft 3

Diesel oil, Btu per 42-gal barrel
Coal, Btu/ton (ref. 1)

Higher heating value Lower heating value
1000 900

5.80 X 106

24.7 X 106

Table 6.25. Nationwide average MIUS fuel consumption per
year per development of 720 DU

Annual consumption

Fuel
Gasa Oil Coal

(10 7 ft 3) (10 4 bbl) (10 3 tons)

Prime-mover 9.69 1. 362 4.10

Auxiliary boiler 0.,70 0.108 0.26

Total 10.39 1. 470 4.36

aBased on lower heating value, 900 Btu/ft 3
•
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6.8.4 Energy consumption of conventional utilities

From Table 3.94, the yearly average of purchased electricity from an equal mix of
conventional utility models (Models C, D, De' E, F, and Fe averaged over five climates) was
estimated to be about 11 x 106 kWhr (3.75 x 10 10 Btu) at the development distribution substation.
For some consumer models served by the conventional utilities, gas is used onsite to heat water
and, for some models, it is used for space heating. The average of gas fuel energy supplied for
this purpose is estimated to be 1.51 x 1010 Btu/year. The energy that must be supplied to the
conventional fossil-fueled generating plant and the energy that is used onsite are shown in
Table 6.26. It was assumed that new conventional generating plants serving the conventional
models would consist only of coal-fueled units and nuclear plants, but that some gas would be
supplied to the consumer units for onsite heating requirements. The fraction of electricity
furnished by fossil-fueled plants was taken from Tables 3.13 and 3.14. It was also assumed
that the electric-generating plants have an efficiency of 36.3% based on use of S02 control
equipment and cooling towers. A 4% allowance was made for transmission line losses between
the generating station and the distribution substation.

Table 6.26. Annual fossil-fuel energy consumption for
conventional utility models per development of 720 DU

Energy
Annua~1~~5r~~u/~~:~)Ption

1980 1980-1990 1990-2000

For electric generation 3.75 3.31 2.84

for onsite heating 1.51 1.51 1.51

Total 5.26 4.82 4.35

6.8.5 Projected impact of MIUS on fossil-fuel resources

The addition of 400,000 MIUS-served dwelling units per year represents 550 developments
per year of 720-unit garden-apartment complexes. It was assumed here that by 1980, approxi
mately 200,000 MIUS-served units (275 developments) will have been installed and that additions
thereafter would amount to about 550 developments per year.

6.8.5.1 Energy savings impacts

Table 6.27 presents the estimated annual energy requirements of conventionally served
developments compared with MIUS-served developments. The estimated energy saved by MIUS is
26.8% in 1980, decreasing to about 20.8% in the year 2000. The decrease results from the
assumption of the increased use of more efficient conventional utilities.

6.8:5.2 Fossil-fuel use impacts

Although it is estimated that MIUS will conserve energy, the amount conserved will vary
with the fuel resource. Table 6.28 shows the projected annual fossil fuel consumed by the
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Table 6.27. Projected comparative annual savings of MIUS-served
developments vs conventional-utility-served developmentsa

Energy requirements

Conventional utility
MIUS
MIUS savings

(Fuel energy saved, %

a200 ,000 DU by 1980;
Averaged over all models

Energy (10 12 Btu/year)

1980 1985 1990 2000

35.1 388 722 1332
25.7 283 540 1054
9.4 105 182 278

26.8 27.1 25.2 20.8)

400,000 DU added per year after 1980.
and five climates (720-DU developments).

Table 6.28. Projected annual energy and fossil-fuel consumptions
of conventional-utility-served developmentsa

Requirements 1980 1985 1990 2000

Total number of developmentsb 275 3025 5775 11275

Fossil energy to ~enerate

electricity, 101 Btu/year 18.8 106 180 267

Energy for onsite heating, 10 12

Btu/year 4.2 46 87 170

Coal to generate electricity,
10 6 tons/yearC . 0.51 4.3 7.3 10.8

Gas for onsite heating, 109
ft 3/year 4.6 51 97 189

aAveraged over all models and five climates (72Q-DU developments).
b200 ,000 DU by 1980; 400,000 DU added per year after 1980.
cAssumed heating value of coal of 24.7 x 10 6 Btu/ton for 1980-1990.
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conventional utility to provide the electrical-thermal service from the mix of conventional
power stations shown in Table 3.8 and an equal mix of conventional utility models averaged
over five climates described in Sect. 3.9.3. Table 6.29 shows the annual fossil fuel that
would be consumed by MIUS for three fuel options. Figure 6.21 graphically presents the annual
consumption values.

Table 6.29. Projected annual fossil-fuel consumption of MIUS-served
developments for three options of fuel supplya

Requirements 1980 1985 1990 2000

Total number of developmentsb 275 3025 5775 11275

Fossil fuel consumption

Case 1: Gas, 10 9 ft 3/yr 29 314 600 1171

Case 2: Fuel oil, 10 6 bbl/yr 4.3 47 90 176

Case 3: Coal, 10 6 tons/yr 0 10 25 49

Gas, 10 9 ft 3/yr 29

aAveraged over five climates (720-DU developments).
b200 ,000 DU by 1980; 400,000 DU added per year in 1980 through 2000.

MIUS fuel resource use (for the three cases regarding type of fuel) compares with that of
the conventional utility as follows:

1. Case 1. MIUS using gas. MIUS uses about six times more gas to supply the service
than the conventional utility but uses no coal or nuclear fuel.

2. Case 2. MIUS using fuel oil. MIUS uses fuel oil at an annual rate of 17.6 x 107

bbl/year by 2000 to supply the assumed service, whereas the conventional utility
uses gas (onsite) and coal and nuclear fuel (offsite) service.

3. Case 3. MIUS using natural gas until 1985 and using coal thereafter. MIUS uses six
times more natural gas until 1985 but is assumed to use no gas after this date. The
assumed conventional utility continues to use gas for the onsite fuel. After 1985,
MIUS uses about four times more coal than the conventional utility.

Another comparison can be made when assuming that the conventional utility uses oil for
onsite consumption. Residential-commercial consumers are projected to use gas-to-oil on a
55:45 ratio. 2 This would, of course, change the comparisons of relative consumptions. For
example, the case 1 MIUS would use 12 times more gas but the conventional utility would use
oil and coal not used by the MIUS. Other similar comparisons are obvious by examining Tables
6.28 and 6.29 or Fig. 6.21.

6.8.5.3 Impact on total fossil-fuel supply

After 1985, the new conventional fossil-fueled electric-generating facilities are assumed
to consume coal exclusively. Some gas and oil, however, might continue to be used for domestic
hot-water heating and space heating. Table 6.30 shows the estimated cumulative consumptions
of fossil fuel for the three cases of MIUS-served projects and by the conventional-utility
served projects from 1980 to 2000 and compares these consumptions to estimated productions.
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Table 6.30. Total fossil-fuel consumptions for three MIUS options
and conventional from 1980 to 2000

Cumulative
ConsumptionFossil ProductionCase Fuel

Units Consumption
of Fossil Production

Fuel (%)

MIUS case 1 Gas 10 12 ft 3 12.8 340 3.76

MIUS case 2 Oil 109 bbl 1.9 80a 2.37

MIUS case 3 Gas 10 12 ft 3 0.72 340 0.2

Coalb 106 tons 472 30,000 1.57

Conventional Gasc 102 ft3 2.0 340 0.6

Coal 106 tons 124 30,000 0.4

aDomestic production.

b198S-2000.

cAssumes onsite heating fueled with gas.

Projected fossil-fuel supplies are given in Sect. 4.5.2. Cumulative coal production from 1980
to 2000 is estimated to be about 30 x 109 tons (Fig. 4.5). The production of gas from proven
and potential natural-gas reserves is projected to be less than 340 x 1012 ft 3 (Table 4.20).
Domestic oil production is estimated to be about 80 x 109 bbl (Table 4.19).

The consumption of fuel by MIUS-served projects until 2000, relative to the projects
served by conventional utilities, depends on the assumptions of how the utilities are fueled.
Assuming the replaced conventional electrical utility plants would be fueled by the mix of
coal and nuclear as described in Table 3.8 and that onsite conventional heat and the MIUS are
fueled with gas, indicates that the MIUS case 1 impact on gas is about six times greater. MIUS
would use no coal, whereas the conventional utility model would. The impact of the other MIUS
case options can be readily determined from Table 6.30. In any case, MIUS is estimated to use
more oil and/or gas to serve the assumed consumers than the conventional utility would, unless
MIUS is fueled by coal. Comparing MIUS case 3 (using natural gas until 1985 and using coal
thereafter) with conventional indicates that MIUS impact on gas is about one-third of the
conventional. However, since about one-third of the electricity demand is assumed to be provided
by coal-fueled units for conventional, MIUS impact on coal reserves is about four times greater.
The assumption that the MIUS coal boiler will perform at 25% efficiency and that a large central
coal-fired unit will perform at 36.3% efficiency accounts for part of the difference in coal
consumption.

6.8.5.4 Summary

MIUS is estimated to use 26.8% less energy than a conventional utility providing the same
service in the period 1975 to 1985 and 24% less from 1985 to 2000. However, a natura1-gas-fueled
MIUS would use six times more gas than the conventional utility (using only gas for onsite
heating) during that time. Actually, the onsite conventional fuel for future installations
would probably be a mix of gas and oil. If this were the case, a gas-fueled MIUS would have
a larger relative impact on gas. However, the conventional utility would be using oil that
the MIUS would not be using. If MIUS were fueled with diesel oil it would, of course, save
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natural gas relative to the conventional utility using gas fuel onsite. Then the reverse would
apply to saving oil. If a coal-fueled MIUS were available by 1985, both oil and natural-gas
consumption are assumed to be replaced by coal consumption. Thus, gas use would be six times
that of the conventional utility until 1985; and, thereafter, coal consumption would be about
four times that of the conventional utility.

Relative to natural-gas supply, a MIUS fueled with natural gas would use about 3.8% of the
anticipated production of gas from 1980 to 2000, whereas the conventional utility (using gas
onsite) would use about 0.6%. The increased coal requirements that would result from installing
coal-fueled MIUS, starting in 1985, represent about 1.6% of the projected production. Although
MIUS would use more coal than the conventional utility to supply the equivalent service, coal
is not as critical a resource as gas or oil.
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6.9 IMPACT OF MIUS ON CONVENTIONAL ELECTRIC UTILITIES

Providing MIUS service in the United States for 400,000 housing units per year during
the period 1980 to 2000 is estimated in Sect. 4.4. This is based on 50% of all housing being
multifamily type and on 28% of the multi-family developments being large enough to be served
by MIUS. To assess the impact of MIUS-served housing developments on the electric power
industry, a typical electric utility, the Philadelphia Electric Company, was selected.

Results of studies by several electric utilities illustrating the effects of changes in
residential load patterns on utility system load curves have been pub1ished. 1 The studies
indicated that changes in the residential load pattern could have a significant effect on the
system load pattern. The load characteristics that are usually of greatest interest to an
electric utility are maximum demand, demand record energy consumption, and load factor. 2

Although utility system load curves have been significantly altered in recent years due
to such factors as increased use of room air conditioners, dishwashers, and other appliances,
the results of the study reported in ref. 1 are considered to be relevant to present-day load
studies. The intent of the study reported in ref. 1 was to demonstrate how the residential
and system load patterns could be improved by the addition of relatively large numbers of
selected load-building appliances to fill in the late evening and early morning valley hours
and thus improve the overall residential and system load factors.

6.9.1 Philadelphia Electric Company residential load characteristics

The residential and system load characteristics of the Philadelphia Electric Company (PECo.)
are discussed in the environmental reports for the proposed Fulton Generating Station and the
Limerick Generating Station. 3 ,4 The PECo. serves customers in the southeastern portion of the
Commonwealth of Pennsylvania and in a small northeastern portion of the State of Maryland. The
company is the largest electric power system in Pennsylvania, in terms of both peak load and
kilowatt-hour sales, and it also serves the largest city in the state and fourth largest in the
country. The customer load served by the PECo. system is similar in character to other power
systems in metropolitan areas of the northeastern region of the United States. Although the
PECo. system has a substantial nonresidential load, the summer temperature-sensitive load
contribution of stores, apartments, office buildings, and other types of residential and com
mercial buildings has been sUfficiently large to make all recent annual load peaks occur in the
summer months.

In the decade of 1960 to 1970, the number of residential customers served by the PECo.
grew 1.5%/year compounded - from about 913,000 to 1,070,000. The company expects a comparable
increase during the next decade. Kilowatt-hour consumption per residential customer in the
1960-1970 decade rose about 5.9%/year compounded, from 3373 to 5990 kWhr per residential customer.
As a result of continual improvements in per capita income, average annual residential consump
tion is expected to increase to possibly 10,000 kWhr by 1980. In 1972, residential customers
accounted for 28% of the load and small commercial and industrial customers accounted for 10%
of the load. The remaining 62% ranges from heavy industry, such as the steel-producing companies
and large oil refineries, to light industry, such as electronics and textiles. Also included are
large apartment buildings, department stores, and other users of electricity.

Table 3.4 (Sect. 3.3) shows the PECo. system peak loads and energy from 1962 through 1972
and the generation and reserve capacity installed and available at the time of the peak loads.
Also included in Table 3.4 are the estimated system peak loads and generating capacity for the
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period 1973 to 1985. The historical loads are not adjusted for temperature variations at the
time of the peak nor are they adjusted for voltage reductions or other curtailments. Those
years where load curtailment was in effect at the time of the peak have been noted in the table.
The system peak load for the period 1962 to 1972 has had a compound growth rate of 6.9%/year,
and the projected growth for the period 1973 to 1985 is estimated to have a compound growth
rate of 6.7%/year. No significant deviation from the historical growth rate is anticipated
(in the absence of MIUS).

Figure 3.15 (Sect. 3.3) shows the system peak load demand of 4922 MW for 1971 occurring
on Thursday, July 1, at 2:00 PM. The minimum load of 2861 MW on that day occurred at 5:00 AM.
The system average load on this day was 4037 MW, based on an estimated 96,900 MWhr energy con
sumption during the 24-hr period (obtained by graphical integration of the area under the
weekday load curve of Fig. 3.15). The corresponding daily load factor was 82%. The system
annual output in 1971 was 25.045 x 106 MWhr (Table 3.4, Sect. 3.3), resulting in an annual
load factor of 58%. The average yearly load for 1971 was 2859 MW. The number of residential
customers served in 1971 was estimated at 1,086,000 and the residential unit consumption was
6343 kWhr/year per unit. The PECo. system load characteristics in the absence of MIUS are given
in Table 6.31 through the year 1985.

MIUS is assumed to penetrate the PECo. system market in 1976 with 2420 MIUS-served resi
dential units, based on 50% of the number of new residential additions (~17,000 in 1976) being
of multifamily type and 28% of the multifamily developments being large enough for MIUS. In
1976 the average residential consumption of electricity on the PECo. system is estimated to be
8449 kWhr/year per unit. Therefore, the MIUS-served installations would subtract 20.4 x 106

kWhr/year from the PECo. system annual output of 34.724 x 106 MWhr/year without MIUS, for a net
PECo. system output of 34.704 x 106 MWhr/year in 1976. The average yearly load would be reduced
from 3964 to 3962 MW. Estimated PECo. system load characteristics with MIUS-served installations
are given in Table 6.32 through the year 1985.

Figure 6.22 shows the PECo. actual system and estimated residential load curves on the day
(July 1) of the annual system peak load (4922 MW) in 1971. The shape of the residential load
curve is assumed to be similar to the residential load curve shown in Fig. 10 of ref. 5 p. IV
4-66. The shape of the system load curve is similar to the peak day load pattern for utility
systems in the east-central region of the United States, as shown in Fig. 16 of ref. 5 p. IV
4-22. The peak system load occurs at 2:00 PM, whereas the peak residential load is at 6:00 PM.
The peak day residential load factor is 62.7%, based on a peak residential load demand of 1800
MW and an average daily load of 1130 MW. (The residential average load is ~28% of the system
average load and the peak residential load is ~36% of the peak system load as indicated in Fig.
3.15 of Sect. 3.3.) The yearly residential load factor is 43.6% based on an average yearly
residential load of 786 MW.

6.9.2 Effect of MIUS-served residential units on the PECo. system load characteristics in 1985

Table 6.33 presents a comparison of the PECo. system estimated load characteristics, with
and without MIUS, for the year 1985. The effect of the MIUS-served installations on the PECo.
system would be to reduce the number of residential customers by about 26,000 units. Therefore,
the PECo. system load characteristics would be reduced accordingly, as shown in Table 6.33.

In computing the values in Table 6.33 for 1985, it was assumed that the shape of the
residential load curve in Fig. 6.22 for the year 1971 would be essentially the same in 1985,
and, therefore, the yearly residential load factor of 43.6% estimated for 1971 would also be



Table 6.31. The Philadelphia Electric Company $ystem load characteristics in the absence of MlUS

Annual system Peak load Avg. yearly Yearly system Number of Residential unit Residential
Year outputa demand b system loada load factor d residential consumption! consumption g Percent of h

customerse
(106 MWhr/yr) (MW) (MW) (%) (x 106) (kWhr/yr-unit) (l06 MWhr/yr) system load

1970 24.441 4'712 2790 59.2 1.070 5990 6.409 26.2
1971 25.045 4922 2859 58.0 1.086 6343 6.888 27 .5
1972 26.351 5313 3008 56.6 1.102 6718 7.403 28.0
1973 27.921 6020 3187 52.9 1.118 7114 7.953 28.4
1974 30.230 6670 3451 51.7 1.135 7534 8.551 28.2
1975 32.387 7240 3697 51.0 1.152 7978 9.190 28.3
1976 34.724 7850 3964 50.4 1.169 8449 9.876 28.4
1977 36.809 8400 4202 50.0 1.187 8947 10.620 28.8
1978 41.600 8950 4749 53.0 1.205 9475 11.417 27.4
1979 44.300 9570 5057 52.8 1.223 10,034 12.271 27.7

Q")
I

1980 47.200 10,110 5388 53.2 1. 241 10,626 13.186 27.9
......
.p-

1981 50.300 10,680 5742 53.7 1.259 11,253 14.167 28.1
......

1982 53.100 11,240 6062 53.9 1. 278 11,917 15.229 28.6
1983 56.000 11,830 6393 54.0 1. 297 12,620 16.368 29.2
1984 59.000 12,470 6735 54.0 1. 317 13,365 17.601 29.8
1985 63.000 13,160 7192 54.6 1.336 14,154 18.909 30.0

a prom Table 3.3.7 of Section 3.3. eBased on residential customer growth rate of 1.5% per

bprom Table 3.3.7 of Section 3.3.
year compounded.

fBased on residential customer unit consumption growth
aCo1umn 1 + 8760 hr/yr. rate of 5.9% per year compounded.

dYear1y load factor = average yearly system gCo1umn 5 x column 6 + 1000
load, Column 3, + peak load demand, Column 2. h

Column 7 + column 1.
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Table 6.32. The Philadelphia Electric Company system load
characteristics with MIUS-served residential units
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1970 0 0 1.070 0 24.441 2790
1971 0 0 1.086 0 25.045 2859
1972 0 0 1.102 0 26.351 3008
1973 0 0 1.118 0 27.921 3187
1974 0 0 1.135 0 30.230 3451
1975 0 0 1.152 0 32.387 3697
1976 2420 2420 1.166 0.020 34.704 3962
1977 2455 4874 1.182 0.044 36.765 4197
1978 2492 7366 1.198 0.070 41. 350 4741
1979 2530 9896 1. 213 0.099 44.201 5046
1980 2568 12,464 1.229 0.132 47.068 5373
1981 2605 15,069 1.244 0.170 50.130 5723
1982 2644 17,713 1.260 0.211 52.889 6038
1983 2684 20,397 1.277 0.257 55.743 6363
1984 2724 23,121 1. 294 0.309 58.691 6700
1985 2766 25,887 1. 310 0.366 62.634 7150

aBased on 50% of all new housing additions to the PECo. system
being of multi-family type and 28% of the multi-family developments
being large enough for MIUS.

applicable in 1985. Due to the noncoincidence of the residential peak and the system peak, it
was necessary to estimate the reduction in the residential load at 2:00 PM to compute the effect
of MIUS on the system peak load.

The effect of MIUS on the PECo. system yearly load factor is apparently negligible with
the assumed penetration of MIUS-served installations in the PECo. market. However, if it is
determined that MIUS can serve projects as small as 100 units, the number of MIUS-served instal
lations could about triple with corresponding greater impact on the PECo. system load charac
teristics. Also, if MIUS application is only to projects larger than 500 units, the housing
market, and hence the impact on the PECo. system, would be substantially lower.

Although the annual load factor is changed only slightly, the fact that the residential
peak electrical demand is not coincident with the conventional electric system peak demand does
cause an impact on the conventional utility because capture of residential consumers by MIUS
would damage the conventional utility diversity. It is postulated that there could be a similar
but smaller effect resulting from MIUS serving commercial consumers. This effect has been
accounted for in the cost comparisons between MIUS and conventional utilities by a credit factor
for the conventional cost.
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Fig. 6.22. System and residential load curves on the day of the Philadelphia Electric
Company's annual peak (July 1,1971).
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Table 6.33. Comparison of the Philadelphia Electric Company system
estimated load characteristics in the year 1985,

with and without MIUS

PECo. load characteristics Without
MIUS With MIUS Difference %

Difference

Number of residential
customers

Residential unit consump
tion, kWhr/yr

Residential consumption,
106 MWhr/yr

Residential yearly average
load, MW

Residential annual load
factor,

Residential peak load, MW
Residential load @ 2:00 PM,MW
System peak load, ~~

Annual system output,
106 lVlWhr/yr

Average yearly system load,MW
Yearly system load factor, %

1,336,000

14,154

18.909

2158

43.6
4950
2871

13,160

63.000
7192
54.6

1,310,113

14,154

18.543

2117

43.6
4856
2816

13,105

62.634
7151
54.5

25,887

o

0.366

41

o
94
55
55

0.366
41

0.1

1.9

o

1.9

1.9

o
1.9
1.9
0.41

0.58
0.58
0.183
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6.10 IMPACT OF MIUS ON WATER USE

6.10.1 Introducti on

Water use can be measured in two ways: (1) by the amount withdrawn and (2) by the amount
consumed. Withdrawn water can be defined as water removed from natural sources for use, which
mayor may not be available for other uses. Consumed water is water that is evaporated, lost
during transportation, or incorporated into some product which makes it unavailable for reuse.
Withdrawal amounts are much higher than consumption, and in many cases, withdrawal figures are
cited as the reason the United States is "running out of water. "1

A basic ground rule of this study is to limit the impacts considered to consequences of
the utility systems being compared. Consumer utility service requirements were considered to
be the same whether furnished by MIUS or conventional systems. Thus, MIUS potable-water con
sumption patterns are not different from conventional; that is, the daily consumer requirements
are the same for MIUS and conventional. The estimated MIUS water withdrawal rate of 80 gpd
per person (Sect. 3.6.1) is considerably less than the average for large cities (100 to 150

gpd per person) because the MIUS does not serve industrial facilities and only some commercial
facilities. The MIUS, by design, does not "save water." However, the concept of MIUS allows
partial reuse of wastewater effluents, which could result in smaller total water withdrawals.
For purposes of this analysis, water withdrawal for potable purposes is assumed to be the same
per person for both MIUS and conventional systems.

6.10.2 Water savings

Since MIUS primarily serves a residential housing development using currently available
water- and waste-treatment technology, potable-water use is essentially the same as would be
expected with the conventional model. The MIUS model could incorporate water-saving devices
such as minimum-flush toilets, low-flow shower fixtures, etc., but these fixtures could also
be used in the conventional model. MIUS can, however, reduce overall water withdrawal by using
treated waste effluents for cooling water, fire protection, and irrigation. Again, this could
be done in the conventional system but it is not currently a routine practice.

Since the same contractor who builds the MIUS might also build the apartment complex, the
installation of water-saving devices may reduce overall first costs. The added cost of installing
water-saving devices might be justified by the reduction in the capital cost of MIUS potable-water
and liquid-waste-treatment systems due to the reduction in required capacity.

In the period 1985 to 2000, the Water Pollution Control Act may require a much greater
degree of treatment than is currently needed, and, as a result, greater emphasis may be placed
on the reuse of liquid-waste-treatment plant effluents (Sect. 3.6.7).2 Although the current
policy of the Environmental Protection Agency does not encourage recycle of effluents for
potable purposes,3 it is entirely possible that the virus and toxic chemical problems envisioned
will have been quantified by this time. 4 In this assessment it is assumed that complete waste
recycle as a source of potable water will not be allowed.

Table 6.34 illustrates the effect that water-saving systems might have on overall water use
in the United States. Based on an assumed annual market of 400,000 housing units for MIUS, and
the estimated water requirements for the period 1980 to 2000, it can be seen that the use of
MIUS makes very little change in the total U.S. requirements for water. In terms of national
water use, the impact of MIUS is insignificant. However, if the MIUS uses a water-saving system
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Table 6.34. Effect of water-saving systems on
national potable-water use

Par 400,000 DU/year

Total U.S. ~ooot Fraction Fraction reduction

Year withdrawa1s b withdrawnc U.S. for savings of:

(Mgd) (Mgd) usage
10% 25%

~Wa 270,000 54.4 0.0002 0.00002 0.00005

1985 510,000 489.6 0.0010 0.00010 0.00025

1990 600,000 1,033.6 0.0017 0.00017 0.00043

1995 700,000 1,577.6 0.0023 0.00023 0.00057

2000 805,000 2,121.6 0.0026 0.00026 0.00065

aAssumes 200,000 units by 1980.

b prom ref. 5, extrapolated from semi-log plot.

c80 gpd per person or 272 gpd per DU for 3.4 persons per DU.

to reduce withdrawal by 10 to 25%, then total water withdrawal could be reduced by about 200 to
500 Mgd by the year 2000. This would be equivalent to the water requirements of 2 to 5 million
people, which is a small portion of the expected population growth during this period. This
water saving could also be obtained in the conventional model.

From Table 4.26 it can be seen that municipal or potable-water withdrawal is a small part
of the total water withdrawal in the United States. The next section will examine the effect
that a MIUS would have on the major use of water, that is, cooling water for power generation
facilities. In any case, the current runoff is 1.8 trillion gpd and, other than in local
problem areas, is adequate to meet national needs until the year 2000 or after.

6.10.3 Cooling water

The other major use of water associated with utilities is for cooling thermal and electrical
subsystems. Estimates and comparisons made here assume that service is required for housing
installed at a rate of 400,000 DU/year starting in 1980 (with 200,000 DU installed by 1980).
The MIUS are represented by Model A (Sect. 3.9), averaged over five climates (Minneapolis,
Philadelphia. Dallas. Miami. and San Diego). The conventional electrical utility. assumed to be
the mix projected in Table 3.8, supplies electricity to an equal mix of the conventional Models
C, D, E. and F having an annual average load of about 1.2 MW(e) (from Table 3.88).

The climate-averaged MIUS cooling-tower load. derived from Table 3.53, is 3.7 x 10 10 Btu/year.
Based on a makeup requirement of 1 gal/6000 Btu. the consumptive use for one MIUS is 6.2 x 106

gal/year.* No additional water withdrawal is required for MIUS cooling water when its source is
liquid-waste effluent. Using coal-fired prime movers instead of gas engines in MIUS would have
a negligible effect on these requirements.

*Includes heat dissipation by evaporation (1040 Btu/lb) plus drift and blowdown losses, each
at 0.3% of cooling-water flow.
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Estimating the water requirements for the conventional power plants is more complicated.
Estimates of 1980 and 1990 withdrawal and consumptive use rates are given in Table 3.22 for
fossil- and nuclear-fueled plants for several methods of cooling. The water flow rate is,
of course, proportional to the allowable temperature rise. The rates decrease with time because
the plants are expected to increase in efficiency. However, the change is small. The projected
water requirements in Table 6.35 assume that 0.34 of the new plants will use once-through cooling
(5° temperature rise), 0.24 will use cooling ponds, and 0.42 will use wet-cooling towers for new
plants built from 1980 (Table 3.21) to 1990; it is assumed that after 1990, half of the new
plants use cooling ponds and half use wet-cooling towers. Table 6.35 shows that a MIUS using
liquid-waste effluent for the cooling water requires no withdrawal for that purpose. However,
the consumptive requirements for MIUS and the conventional utility are estimated to be about
equal. Water withdrawal requirements will be much higher for the conventional utility as long
as once-through cooling systems are used. However, if cooling ponds and cooling towers are
used, the withdrawal would only be the consumptive requirement.

Table 6.35. Projected impact of MIUS on
cooling-water requirementsa

Water withdrawal Water consumption
National cooling rate (Mgd) for: rate (Mgd) for:Year water usage rateb

[Mgd (gpd/person)] MIUS Conventional
C

MIUS Conventional
C

1990 330,000 (1,140J 0 7,900 90 110

2000 470,000 (1,380) 0 8,050 180 260

a200,OOO DU by 1980; 400,000 new DU/year after 1980.

bTotal fresh and saline water for steam-electric plants (see Table 4.26J.
clncludes the proportionate amount of onsite cooling for Model C.

In any case, as shown by Table 6.35, the requirements for the utilities to serve the
forecasted application represent only a small fraction of the national requirement for steam
electric plants.

Current EPA policy encourages water reuse as long as health hazards and environmental
damage are avoided. This would reduce the projected conventional utility water withdrawal.

6.10.4 Fire protection water

If MIUS were to use liquid-waste effluent as the source of fire protection water, it might
be stored in a tank or in a pond (with adequate, reliable pumping capacity). This would require
a delivery system separate from the potable-water system. In any case, annual water requirements,
depending only on the extent of fires, are assumed to be small. Thus, there is no significant
difference in water requirements between MIUS and a conventional system. A MIUS would, however,
be independent of a long transmission system.

6.10.5 Water-quality changes

If the MIUS uses the same wastewater treatment methods as the conventional system, the only
significant difference in impact from liquid-waste effluent would be a larger number of waste
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sources from the small MIUS. Thus, many more locations for the disposal of MIUS effluents would
need approval; however, no significant impacts on water quality are anticipated. The impact is
minimized by the requirement that the effluent conform to EPA secondary-treatment standards or
to state or local standards if they are more stringent. If a higher quality effluent is required
before release into small streams, the treatment can be improved by installing physical-chemical
treatment plants.

Where wastewater effluents are used to reject heat, some detrimental impact can be expected.
The effects of heated-water discharges on receiving waters are well documented and include
changes in the flora and fauna of the receiving water, adverse changes in taste, and a lowering
of dissolved oxygen in the receiving water. 6 These may affect the treatment provided by down
stream water-treatment plants.

A problem common to both MIUS and conventional utilities is that domestic use of water
increases the salts dissolved in the water. This may increase the difficulty of producing a
high-quality potable water from receiving waters into which wastewater is dumped. If wastewater
is disposed of by infiltration into the soil, two effects on the onsite groundwater will be noted.
As with surface waters, there will be an increase in the dissolved salts which may necessitate
further treatment. Also, there will be an increase in groundwater volume which is, in many areas,
beneficial.

6.10.6 Impact of water use

A difficulty in estimating the effect of MIUS use on water quality and supply for the period
1985 to 2000 is that new technology may be expected to produce changes in water quality and
perhaps increased reuse of water. However, for the near-term period, some general predictions
of the environmental impact of MIUS can be made. In Sect. 4.6, some idea was given about water
quality in various regions and projections of the quantity of water available and projected
withdrawals. Because water supply and quality can vary considerably within a small area, it is
necessary to point out that these are general predictions for the entire watershed region, not
for any specific site. Each site proposed for a MIUS will require a detailed analysis to determine
the environmental impact.

As described in Sect. 3.5.2 and covered in greater detail in ORNL/HUD/MIUS-2l,7 one of the
most logical choices for a MIUS water supply is a groundwater source. The degree of treatment
required is probably less than that needed for surface waters. A MIUS using groundwater should
have only a small impact on groundwater supplies. Large conventional plants using groundwater
offer a greater potential impact, especially in the local area of the well, whereas many scattered
MIUS would probably not produce the same impact. Perhaps the biggest impact would be the number
of wells required. Assuming a representative MIUS size of 720 DU, a total of 550 wells would be
required each year to meet the needs of the projected market of 400,000 units/year. In any case,
MIUS does not appear to cause significant impact on water supply.

One environmental concern for MIUS or conventional water and waste treatment is the proper
operation of the plants. 8 ,9 Large conventional plants ca~ justify skilled operators and the
analytical control required for proper operation. This may be a more significant problem for
MIUS because of its small size and could present a real problem if the equipment were left
untended for parts of the day. However, there is no reason to assume that MIUS will not have
proper operation and turn out safe water and adequately treated effluents.
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6.10.7 Summary

In comparison with total water withdrawals in the United States, MIUS impact on water
supply is small. Withdrawal of water to cool the conventional utility power plant depends
strongly on the cooling method. Once-through cooling requires large amounts of water with
drawal; cooling ponds or towers reduce the withdrawal for consumptive requirements. When
MIUS uses treated effluent for cooling water use, water withdrawal is reduced by about 9 Mgd
for each 400,000 DU (i.e., no additional water withdrawal required). With regard to water
consumpti on, MIUS requi res about the same amount of water as do the conventi ona1 sys tems.
Currently, the EPA is encouragi ng water reuse if health is not affected and envi ronmenta1 damage
does not occur. This may lead to reduced water withdrawals in the future.

Groundwater appears to be the most logical choice for MIUS. It is not envisioned that
MIUS will significantly affect groundwater supplies or surface water supplies, should they be
used. In either case, care must be exercised in operating the treatment plants to ensure a
safe water supply.



6-151

REFERENCES FOR SECTION 6.10

1. Abel Wolman, "The Environment: Past, Present, and Pluperfect," J. Am. Water Works
Assoc. 63(10): 651-57 (1971).

2. National Water Commission, Water Policies for the FUture, Washington, D.C., June 1973.

3. U.S. Environmental Protection Agency, EPA Policy Statement on Water Reuse, Washington, D.C.,
July 7, 1972.

4. "AWWA Policy Statement on the Use of Reclaimed Waste Waters as a Public Water-Supply
Source," J. Am. Water Works Assoc. 63(10); 609 (1971).

5. Water Resources Council, The Nation's Water Resources, Washington, D.C., 1968.

6. P. A. Krenker et al., Thermal Pollution: Status of the Art, Vanderbilt University,
U.S. EPA Report l6130ENT 12/16, December 1969.

7. A. L. Compere et al., MIUS Technology Evaluation - Water Supply and Treatment,
ORNL/HUD/MIUS-21, Oak Ridge National Laboratory, Oak Ridge, Tenn., June 22, 1973.

8. L. J. McCabe et al., "Survey of Community Water Supply Systems," J. Am. Water Works Assoc.
62(11): 670 (1970).

9. G. F. Craun and L. J. McCabe, "Revi ew of the Causes of Waterborne-Di sease Outbreaks,"
J. Am. Water Works Assoc. 65(1): 74-84 (1973).



6-152

6.11 TOTAL LAND~USE IMPACT OF MIUS

6.11.1 Introduction

The use of MIUS will eliminate the need for transmission systems for electrical power,
water, and sewage. However, space must be provided for the MIUS equipment. The purpose of
this section is to analyze the impact on the amount of land devoted to utilities in the United
States when MIUS is used instead of conventional utility systems.

6.11.2 Assumptions

Although it should not be inferred that all developments served would be of the same size,
the land required for utilities per dwelling unit (DU) (served by MIUS or conventional utilities)
should be relatively insensitive to the size of the development over the size range of interest.
Thus, the model used in this analysis is a 720-DU housing development (described in Sect. 3.9),
encompassing the following assumptions.

1. A housing development model of 720 DU of 3.4 residents per unit. This represents
about 2500 residents per housing development.

2. A market of 400,000 DU/year (see Sect. 4.4). At 720 DU per housing development,
this is equivalent to 550 developments per year.

3. The average electrical demand on the conventional utility, averaged over the five
climates and four consumer models used in Sect. 3.9, is estimated to be about 2.5
MW(e) per housing development.

4. The water consumption and liquid-waste production rate is 80 gpd per person.
5. The solid-waste production rate is 4 lb/day per person.
6. Land required for utility distribution within the housing complex is essentially

the same for MIUS as for a conventional system.

6.11.3 Electrical power

For 550 housing developments, electrical power needs would require the installation of
1400 MW(e) in new generating capacity to meet peak load and to cover transmission and distri
bution losses. Recent studies have indicated that a 1000-MW(e) fossil-fueled plant requires
about 1000 acres of land (including space for cooling towers, coal storage, S02 removal
equipment, and ash and scrubber residue storage), and that a 1000-MW(e) nuclear plant requires
500 acres. 1 ,2 Thus, land use for power generation can be estimated to be between 0.5 and 1.0
acre/MW(e). For this assessment, 1 acre/MW(e) is used for the conventional utility power plant
since a part of the mix of plants used was assumed to use cooling ponds. Thus, the 550 housing
developments will require 1400 acres for power generation facilities.

Conventional utility systems also require land for transmission line right-of-way. The
Federal Power Commission has made projections of future requirements for generating capacity
and transmission lines for the period 1970 to 2000 (see Fig. 3.12 and Table 3.9).3 Using this
information, it can be estimated that each 1000 MW installed requires about 70 miles of trans
mission line right-of-way ranging from 20 to 50 acres/mile (165 to 400 ft wide).4,s Table 6.36
shows the acreage for various combinations of line length and right-of-way used. For this
analysis, 70 miles and 25 acres/mile will be used, resulting in a land use of 1750 acres of
conventional power transmission for each 1000 MW of installed capacity. Thus, 2500 acres are
required for the transmission lines for 550 housing developments.
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Table 6.36. Amount of land required for
transmission line rights-of-way

Length of Right-of-way (acres/mile)
line

(miles) 20 25 30 40 50

Acres/10 3 ~,(e)

50 1000 1250 1500 2000 2500
60 1200 1500 1800 2400 3000
70 1400 1750 2100 2800 3500
80 1600 2000 2400 3200 4000
90 1800 2250 2700 3600 4500

100 2000 2500 3000 4000 5000

Average 165 200 250 330 410
width (ft)

A MIUS does not require transmission lines, and no land is allocated for this purpose.
The MIUS does require land for power, heating, and air conditioning equipment. For one 720-DU
housing development, 6500 ft 2 of building area is required to house all the central thermal
electric equipment (see Table 3.76). For 550 MIUS complexes, 3,575,000 ft 2 (82 acres) of
bUilding area would be required.

6.11.4 Potable-water treatment

The projected 400,000 housing units would contain 1,360,000 residents and would require
about 108 Mgd of water at a consumption rate of 80 gpd per person. Based on the curve in
Fig. 3.41 for rapid sand filter plants, a land area of 85 acres would be required. However,
as was shown in Sect. 3.6.4, there are not very many plants of this size. A 10-Mgd plant
would probably be more representative. Assuming that eleven 10-Mgd plants are the conventional
system, the land area required would be 180 acres (16 acres per plant).

Few pUblished data are available to estimate land required for water transmission lines.
For this analysis it has been assumed that an average of 2 miles of transmission lines will be
required to serve each housing complex. It has been further estimated that right-of-way width
would average 10 ft. These assumptions result in a land use of 1330 acres for 550 developments.

Both MIUS and conventional will require elevated storage to maintain water pressure in the
distribution system and to meet peak demands for water, especially when fires occur. Even though
the MIUS uses a pond for fire protection water supply, the land required for elevated storage
is assumed to be the same as for the conventional system.

No transmission lines are required for MIUS, but space must be provided for a water-treatment
plant. Based on information on package treatment plants in ORNL/HUD/MIUS-21,6 it appears that
3000 ft 2 would be sufficient for the water plant and associated laboratory, office, and support
facilities. For 550 MIUS, 1,650,000 ft 2 (~38 acres) would,~e required.

6.11.5 Liquid-waste treatment

It has been assumed that in a MIUS housing complex the volume of liquid waste produced will
equal the water consumption. Although some potable water will be used that will not enter the
sewer system, infiltration is expected to make up the difference. In determining the area
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requirements for liquid-waste-treatment plants, the same reasoning used for water plants was
applied. One large liquid-waste-treatment plant (108 Mgd) would use about 75 acres, and eleven
10-Mgd plants would require 220 acres (20 acres per plant) (see Fig. 3.42).

For conventional sewage collection it was also assumed that an average of 2 miles of inter
ceptor would be provided for each housing complex, and that the right-of-way width would average
10 ft. As in the case of water, this would require 1330 acres of land for 550 housing develop
ments.

MIUS must provide space for onsite liquid-waste treatment but does not require interceptors.
Using information developed for small package plants suitable for use in MIUS,7 an area of
3600 ft 2 is considered sufficient for the plant and flow equalization tank. For 550 MIUS
complexes, 1,980,000 ft 2 (~45 acres) would be required.

6.11.6 solid-waste disposal

Solid waste would be produced at an assumed rate of 4 lb/per person. For 1,360,000
residents this would be about 3800 tons/day (on a basis of a five-day collection schedule)
requiring disposal. For the conventional case, sanitary landfill is assumed to be the principal
disposal method. A sanitary landfill having a refuse density of 800 lb/yd 3 , a 4:1 ratio of
refuse to cover earth, and an average depth of 12 ft would use 160 acres/year. Although this
amount of land would be required every year, it does not accumulate with time since the filled
land can subsequently be used for other purposes such as golf courses, parks, agriculture, etc.
The estimates made here assign a one-year requirement for landfills. The conventional system
could use incineration, for which the land requirement for the incinerator would probably be
about the same as that for a single year of landfilling plus perhaps an annual requirement of
about one-fifth that for conventional sanitary landfilling (160 acres plus 30 acres/year).

Even if the MIUS uses incineration instead of onsite landfill, space would be required
for the incinerator, solid-waste-storage facilities, and onsite residue disposal. Information
on MIUS-size incinerators with heat recovery indicates that about 3500 ft 2 would be required
for the incinerator and storage area to serve a 720-unit housing complex. s In addition to this
space requirement, land would be required for landfilling of the residue from the MIUS inciner
ator. Using a refuse collection rate of ~7 tons/day, and an 80% volume reduction, the amount
of land required for on-site landfilling of incinerator residue (at 1200 lb/yd3 and a fill
depth of 5 ft) would be about 0.1 acre (4000 ft 2 ). Thus the MIUS solid-waste system would
require 3500 ft 2 for equipment plus 4000 ft 2/year residue disposal area or 4,125,000 ft 2 for
550 MIUS units (44 acres plus 50 acres/year).

6.11.7 Auxiliary land

The total land area required in the conventional case includes area for parking, open
space, and possible plant expansion. It is impossible to determine what portion of the land
area in Figs. 3.41 and 3.42 is allocated for these uses. For MIUS plant estimates, no alloca
tion has been made. The minimum land requirement to house MIUS equipment for a single complex
(720 units) is about 21,000 ft 2 , which represents a building area of about 145 by 145 ft. To
provide space for parking, landscaping, and a buffer zone between MIUS housing it is assumed
that three sides of the equipment building will have 100 ft of free space and the front of the
building will have 200 ft (mainly to allow parking and access for collection trucks and mainte
nance vehicles). Adding this allowance to the building produces an area requirement of 3.5



6-155

acres per housing complex. As a part of the MIUS, a pond is furnished for cooling water and
fire protection. The surface area of the pond is 4 acres, and about 2 acres of land would be
required around the pond for landscaping and free space.

Thus the MIUS would require 3.5 acres for equipment and 6 acres for a cooling and fire
protection pond. For purposes of this evaluation, 10 acres per MIUS has been assumed. This
means that 5500 acres would be allocated for MIUS utility needs to serve 550 housing developments.

6.11.8 Summary and conclusions

Table 6.37 summarizes the results of the analysis of land use by conventional utilities
and by MIUS for serving 400,000 DU/year (the assumed MIUS market, see Sect. 4.4).

Table 6.37. Land use for conventional utility
and MIUS serving 400,000 units (550
complexes of 720 units per complex)

Required land (acres)
Component

MIUS Conventional

Electrical
Transmission 0 2500
Generation b 1400

Liquid waste
Interceptors 0 1330
Treatment plants b 220

Potable water
Transmission 0 1330
Treatment plants b 180

Solid waste
Sanitary landfill 50 160
Incineration b 0

MIUS equipment building, 5500 0
pond, and auxiliary
land a

Total 5550 7120()

a Of this total, about 1925 acres are required for the equipment
building, 3300 acres for the cooling and fire protection ponds,
and 275 acres for miscellaneous needs.
bIncluded in "HIUS equipment building, pond, and auxiliary land."

cWould be increased to 7150 if the conventional system used
inciner ation.

Table 6.37 shows that the MIUS may use a little less land than conventional utility systems.
It can also be seen that the MIUS installations do not use land for transmission and collection
systems, but do require land for onsite utility systems. Even though Table 6.37 is based on a
coal-fueled power plant [1000 acres/MW(e)], the use of a nuclear-fueled power plant [500 acres/

MW(e)], does not change significantly the results of this analysis.
It must be pointed out that, although considerable right-of-way is required for electric

power transmission, water transmission, and interceptor sewers in the conventional case, this
land can be used for other purposes such as "linear" parks, light agriculture, small tree farming,
etc. Thus this land is not entirely "lost" to other uses such as the allocation for generation

or treatment facilities (in both conventional and MIUS).
The results of this analysis indicate that MIUS use somewhat less land than do conventional

systems serving 400,000 medium-density housing units per year in the time frame of 1975 to 2000.
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Results of the analysis are highly dependent on the amount of land required to transmit utility
services in the conventional utility case and, in the case of MIUS, the amount of land used as
open space or as a buffer zone around the onsite utility system. Also, the pond and its buffer
space are highly site-dependent, and if the MIUS does not have a pond for effluent storage, fire
protection, or cooling water, the MIUS area requirement is 2250 acres. Although it appears that
use of MIUS may decrease the amount of land which must be committed to utility services to meet
increasing housing demands, it is not significant or certain, so we have chosen to consider it
neither as a positive or negative impact on land use in the United States during the period

of 1970 to 2000.
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6.12 IMPACT OF MIUS ON DEMOGRAPHY AND RESIDENTIAL CHARACTERISTICS

6.12.1 Introduction

MIUS may have an impact on migration patterns and residential characteristics in the
United States. The purpose of this section is to discuss potential effects and to point
out areas where the installation of MIUS can produce significant changes.

6.12.2 Demographic changes

Since, in concept, the MIUS is a utility system serving new housing developments, it is
difficult to see how the installation of MIUS would have any direct effect on long-distance
population migration. Long-distance migration of people is determined mainly by economics
and employment opportunities, not by housing availability. It is difficult to visualize that
the availability of a MIUS in one geographic area would cause migration from another area. In
most cases, existing and future migration patterns will determine the location of housing
developm~nts that MIUS mayor may not serve. In Sect 4.4.3.1 it was shown that about 65% of
all multifamily housing starts occurred in ten states in 1973 and that this type of housing is
the major market for MIUS. However, it appears that climate and employment are much more
responsible for migration than is the availability of utility systems.

MIUS could cause some changes in local demographic patterns since MIUS could be installed
in areas where utility systems are not in existence or are overloaded and cannot serve new
customers. Thus a MIUS-served development would not necessarily be closely linked to existing
growth centers from which utility services can be obtained. What effect this factor might have
on future migration patterns in the United States cannot be quantified using available data;
however, use of MIUS could be an inducement for population migration to areas not normally
envisioned for housing developments.

6.12.3 Changes in residential characteristics

MIUS is most applicable to high-density multifamily housing. Table 4.7 indicates that in
the past the public did not show much preference for this type housing, but that the trend in
new housing starts nas changed recently, and the multifamily market is approaching 50% of the
total housing market. Because of this trend, the use of MIUS should not produce significant
changes in residential characteristics. Obviously, people who desire to live in single-family
housing will not be influenced to move to multifamily housing just because of MIUS unless they
have no other alternative or are prevented from building the type of housing they desire. In
any case, the type of housing development is expected to be the same regardless of whether it
is served by MIUS or conventional utility systems.

In Sect. 4.11, the size distribution of large home builders was analyzed. Historic data
on the number of "major home builders" (those who build more than 400 units per year) indicate
that during the period 1965 to 1974, the number of large home builders increased from 175 to 650.
This does not necessarily mean that there is a trend toward larger size developments; however,
what information is available does indicate that there may be a trend in this direction. Large
developments may produce economies of scale because of more efficient use of work force and land.
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Developments using MIUS may also be better planned because of the need to consider the
overall needs of the utility system. Since the developer has complete control, he may choose
to use innovative ideas which may affect housing characteristics.

Consumers and housing developments can range from middle- to high-income families living
in large, expensive dwelling units to lower-income familes living in small units. Size of
units and consumer income affect the consumer models but should have little effect on whether
they are served by a MIUS or conventional utility.

MIUS may produce changes in the location and number of industrial facilities and commercial
establishments because it can be located in remote areas away from large cities. Residents of
such developments, like those in conventional communities, would require places to work and
shop.

6.12.4 Summary

MIUS does not appear to have significant impact on demographic patterns or residential
characteristics. Migration patterns will d"ictate the location of new housing, and this
housing can be served by MIUS or conventional systems. Because MIUS is best suited for large
[300 to 3000 dwelling units (DU)] housing developments of medium to high density, its future
use would require construction of large developments. Whether this would produce a significant
impact on residential characteristics is not known, but because there is a trend toward large
developments, the impact would appear to be small.

6.13 IMPACT OF MIUS ON NATIONAL GOALS AND POLICIES

An attempt was made in Sect. 4.1 to describe one aspect of a society by inferring national
goals and policies from recent federal energy, housing, land-use, and environmental legislation.
These goals and policies were selected for investigation because of their potential effect on
the development and implementation of MIUS technology. In Sect. 4.2, the federal strategy(s)
for achieving these goals was developed, with emphasis on governmental interrelationships, the
number of agencies involved, and decision making required for implementation. Concomitantly,
systems analyses of MIUS performance, operation, and possible impacts were presented. Sections
5 and 6 were devoted to identification and analysis of the impacts that affect different segments
of society.

The remaining task is to assess the impact of MIUS implementation on national goals and
policies and the compatibility of MIUS implementation with federal strategies.

6.13.1 ~

It has always been an inherent goal of the HUD-MIUS program to provide acceptable utility
services to residential consumers while simultaneously conserving (fuel) energy and other
natural resources. The analyses given in Sect. 6.8 indicate that energy (fuel) requirements
for MIUS can be 26.8% less than for conventional systems supplying the same space heating, hot
water, air conditioning, and electrical demands. It has been projected that by 1985 this fuel
savings could reduce the total energy requirements for residential utility functions. Additional
fuel savings are possible if heat from incineration of residential solid wastes can be economically
recovered and used.
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In this respect, the HUD-MIUS program goals appear to be consistent with the ERDA policy of
"encouraging and conducting research and development in energy conservation, which shall be
directed toward the goals of reducing total energy consumption to the maximum extent practicable,
aand toward maximum possible improvement in the efficiency of energy use."l

Although it has been estimated that MIUS conserves energy, the use of specific fuel
resources is quite different (Sect. 6.8.5.2). Until the year 1985, MIUS thermal-electric
subsystems are projected to use either natural gas or fuel oil. Whether or not the consumption
of these fossil fuels is consistent with the Federal Energy Administration (FEA) policy "to
conserve scarce energy supplies" is unclear. The FEA position on this issue may pivot on two
key questions: (l) Is the MIUS concept a preferred use of natural gas and fuel oil? and (2)
Will the implementation of MIUS unfavorably affect the international balance of payments to
petroleum-producing nations? These questions are relevant to short-term energy policies and
may be of little significance after 1985. Research, development, and demonstration programs
for a coal-fueled MIUS are expected to be completed by 1985, thus allowing use of a more
abundant national energy resource and simultaneously reducing dependence on petroleum sources.

A less obvious impact of MIUS implementation is the potential direct benefit to conventional
electric utilities. The data in Table 3.4 (for one electric company) indicate that electric
load curtailment and/or voltage reduction was in effect in four of the six years from 1967
through 1972. Installed reserve capacity was projected to be about 14% in 1976 and 12% in
1977-1978, with a gradual increase to 20% in 1985. The effect on service depends on available
reserve capacity, which was not projected; but, during the period of service reduction, the
installed reserves were about 10% for three years and 20% for one. By supplying a part of the
projected increase in electrical requirements with MIUS installations, the annual and peak
demands on conventional systems could be reduced and the percentage of installed reserve
capacity increased. The effect on a large system is small (Sect. 6.9) but may be amplified
by the potential reduced conventional use of inefficient gas-turbine peaking capacity.

Another national energy issue which the implementation of MIUS could affect is the
introduction of more efficient energy-conserving technologies into society. The combination
of modular design and relatively small components used in MIUS allows the use of alternative
energy sources (e. g., solar) and advanced energy systems for conventi ona1 components without
extensive capital outlays. As new and more advanced subsystems (e.g., Stirling engines) become
available, these can be phased into the MIUS to replace existing equipment. Thus, the MIUS
concept could be employed as a useful tool of federal energy policy for more rapid and efficient
introduction of advanced technologies into the residential utility sector of society.

6.13.2 Environment

The goals of the HUD-MIUS program were conceived during an era of relatively low energy
costs and great concern for environmental issues. As a result of these conditions, the program
goals emphasized environmentally acceptable operation. Early in the program it was recognized
that onsite electrical generation combined with solid- and liquid-waste treatment had the
potential for both environmentally and socially unacceptable consequences. To ensure that

environmental issues were not overlooked, the HUD-MIUS program included reduced environmental
degradation asa major goal.
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6.13.2.1 National Environmental Policy Act (NEPA)

The National Environmental Policy Act of 1969 (NEPA) applies to all federal actions or
to federally funded programs. Since HUD processes between 15,000 and 20,000 applications per
year at the project level, not including insurance actions on individual houses, a three-level
environmental clearance process was established to determine which actions significantly affect
the quality of human environment. 2 The three levels are defined as:

1. Normal clearance is essentially a consistency check with HUD environmental policies
and standards and a brief evaluation of environmental impacts.

2. Special clearance requires an environmental evaluation of greater detail and depth.
3. Environmental Impact Statement is a complete and comprehensive environmental evaluation,

including formal review by other agencies.

Project-level actions for which special clearance is required include demonstration projects
($500,000 in new construction); housing assistance or insurance for new construction or sub
stantial rehabilitation of one- to four-family structures (50-lot subdivision), multifamily
structures (100 units), public housing (100 units), college housing (200 students); nursing
homes and hospitals (100 beds); model cities; neighborhood facilities (50,000-ft 2 site or
300,000-ft2 floor area); all urban renewal projects; and neighborhood development programs.
Environmental Impact Statement clearance is required as specified in ref. 2 and for actions
found to require a statement as a result of normal or special clearance.

Multifamily developments of a size that could feasibly be served by MIUS would likely
receive some form of federal assistance and would be subject to the environmental clearances
specified by HUD. This would apply to both MIUS and conventionally served developments, so
there would be no additional administrative burden due to use of MIUS. As a part of the project,
however, the MIUS installation would be subject to review to ensure compliance with the compre
hensive poliey for protection and enhancement of environmental quality established by NEPA.

6.13.2.2 Air quality

All MIUS subsystems that release pollutants into the atmosphere are subject to appropriate
federal, state, and local emission standards. The air quality within and affected by MIUS
served developments must also comply with Federal Air Quality Standards (Sect. 4.3). Assuming
that MIUS-served developments meet all appropriate emission and air-quality standards, there still
remains the question of potential MIUS impact on national air quality: Is it better to have
utility services provided by large central-station facilities (which release large quantities of
pollutants at a few locations) or numerous smaller facilities (releasing lesser amounts of the
same pollutants) spread out over a broader geographic area? This question has not been definitively
resolved and may not have a ready answer; however, due to the relatively small quantity of emissions
released from each MIUS exhaust stack and the distance between communities served by MIUS, atmos
pheric dispersion, dilution, and removal should be sufficient to prevent cumulative (adverse)
effects on national air quality.

As in the case of national energy policy, MIUS implementation could be incorporated into the
federal strategies for attaining national air-quality standards. Use of MIUS for urban redevelop
ment could significantly improve the air quality within metropolitan areas by replacing outmoded
home heating and incineration systems with less-polluting, technologically advanced heating and
solid-waste-disposal systems. Because of the small equipment size and reduced installation time,
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MIUS have greater flexibility for receiving and implementing the most recent advances in
air-pollution-control technology.

6.13.2.3 Noise

The noise generated as a result of MIUS operation is expected to be contained within the
equipment building. Although the noise levels within the bUilding are likely to be high,
engineering controls are expected to prevent unacceptable levels at the building boundary.
Noise levels outside the equipment building are expected to meet local and federal regulations
with no significant increase in community noise levels.

6.13.2.4 Solid-waste disposal

With respect to the solid-waste subsystem, a developer or other responsible organization
has the option of employing either conventional or onsite treatment and disposal practices.
Selection of conventional disposal practices, such as sanitary landfills, does not appear to
significantly affect national goals and policies on solid-waste disposal. However, this choice
offers no solution to the increasing problems of the inadequate number of acceptable sites and
longer hauling distances. By incorporating incineration, pyrolysis, or other types of onsite
treatment, a MIUS could reduce these problems and contribute substantially to achievement of
the goals of the Solid Waste Disposal and Resource Recovery Acts. A major purpose of these
acts (Sect. 4.1.2.4) is to "promote a national research and development program for improved
management techniques, more efficient organizational arrangements, and new and improved methods
of collection, separation, recover, and recycling of solid wastes, and the environmentally safe
disposal of nonrecoverable residues."3

The relatively small quantities of residential solid wastes produced by MIUS customers
could be used to demonstrate the design, operation, and maintenance of new disposal processes
and equipment. The coordination of MIUS implementation with research, development, and demon
stration efforts affords a means of attaining national goals and policies on solid wastes more
rapidly and with less expense than any currently proposed procedure.

6.13.3 Land use

Although the federal government has not legislated a national land-use policy, several
federal agencies (Sect. 4.1.3) and numerous state and local governments (Sect. 4.2.3) have
produced land-use regulations and programs. The purpose of these programs is to provide
agencies with some control and management over urban and suburban development. Such devices
as planned-unit development, cluster, impact, and incentive zoning have been employed to control
urban sprawl, but have generally been ineffective due to political influences and nonuniform
application (Sect. 4.2.3).

The impact of MIUS implementation on current trends in land-use planning could be both
beneficial and adverse. One of the stated goals of the HUD-MIUS program is "to make land
available for development in areas that are not being served by conventional utilities."4
If this program goal can be met, utility services could be provided to isolated areas as well
as locations affected by sewerage moritoria.
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There are numerous beneficial aspects of MIUS implementation. MIUS-served developments
could be located in urban redevelopment areas where existing utilities are inadequate or too
expensive to serve residential demand. If properly employed by land-planning agencies, the MIUS
concept could allow community growth and development in phase with the demand for utility services.
If MIUS is installed by a utility company, a developer, or a private corporation, local govern
ments would not have to increase property taxes or propose bond issues to supply increased
utility demand. MIUS could also be used to foster the planned clustering of development in
suburban or rural areas, affording many rural amenities with minimal environmental impact.
Finally, independence from conventional utilities would allow development of remote sites that
are particularly desirable because of natural features or the presence of unusual amenities.

There are also negative aspects of MIUS implementation. Some land-use planning agencies
could interpret MIUS implementation as a threat to their authority. Such traditional land-use
controls as sewerage moritoria could not be employed against a proposed development that did
not rely on municipal utility service. Also, pollution-control statutes and agencies could not
selectively restrict development of lands if the MIUS emissions met all appropriate environmental
standards. In these respects, MIUS implementation could contribute to unplanned sprawl or
"leapfrog"-type developments. However, land-use regulations based on criteria other than the
availability of utilities would certainly apply to MIUS-served developments. The stated benefit
of improving the availability of remote sites could also be construed as a negative impact.
Pristine landscapes or areas valued for their undeveloped qualities could be exploited by MIUS
served developments. However, if these locations have sufficient economic value, they could
be developed regardless of the MIUS implementation. The advantage of a MIUS in this situation
would be to lessen the environmental impact resulting from the development's required utility
service.

The issue ofMIUS implementation versus land use is not likely to be resolved until
national land-use-planning legislation is passed; this legislation must supply the means to
determine when, where, and even if land development should occur.
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6.14 SUMMARY OF IMPACTS BY MAJOR CATEGORIES

In the preceding parts of this section, selected impacts of MIUS were analyzed using a
variety of methods. Impacts were considered both singly and in groups and were selected from
all impact categories. The objective of this section is to summarize MIUS impacts by the
major impact categories identified in Table 5.2. In general, the primary impacts determined
in Sect. 3.9 will be used with information drawn from Sects. 4 through 6 to indicate selected
cause-effect relationships.

6.14.1 Economic impacts

The economic impact category is one of the most difficult to analyze on a generic
nationwide basis. Private costs are expected to be quite sensitive to characteristics of
a specific site and to configurations of the consumer and the MIUS. Comparisons of marginal
cost to the country are important as an indication of impact on the national population and
as a guide to national policy or federal agency actions. With MIUS, consumers would pay
essentially the total marginal cost of utility services, but any particular interest group
would judge the impact of MIUS by comparisons with the direct, highly visible costs of alterna
tive conventional services. The questions of who pays what and how can only be answered in
the context of a particular location and development.

The following summary of economic impacts first focuses on private-cost comparisons
based on the total marginal cost of services. Potential secondary and higher-order effects
are then identified, and economic impacts on particular interest groups are discussed.

Cost studies based on model comparisons in Sect. 3.9 showed that the private-cost
difference between MIUS and conventional utilities varied with development size and the
length of offsite water transmission and sewers prorated to the conventionally served develop
ment. Consi deri ng the garden-apartment consumer model recei vi ng a11 uti 1iti es from either MIUS
or conventional systems (except solid waste, for which sanitary landfill was used in both cases),
the difference in annual cost per apartment (conventional less MIUS) was estimated for 1985 as
shown in Table 6.38 (also Table 3.98). For developments with 2880 DU,.the annual unit cost of
every subsystem was less when provided by MIUS, even with no water transmission or liquid-waste
interceptor mains charged to conventional. As the size of the development decreases, the private
cost savings from the use of MIUS also decrease. With 288 DU, MIUS services cost more when
compared with conventional cases requiring 0 and 1 mile of offsite transmission piping. The
development sizes for which MIUS and conventional costs are equal in 1985 were estimated (Fig.
3.74) to be about 530, 380, and <288 DU for the 0-, 1-, and 5-mile cases respectively. Break
even development sizes decrease with time because of the projected increase in the cost of
conventional electricity (on a constant-dollar basis).

MIUS appears to be competitive when serving relatively small multifamily housing develop
ments and becomes more economical as development size increases. Cost comparisons are quite
sensitive to the length of offsite transmission piping requiped for conventional utilities.
This trend indicates that at some stage of community expansion, the use of MIUS to serve new
developments should be evaluated as an alternative to the extension of water and sewage mains.

Examination of Tables 3.98 and 3.99 allows one to estimate the changes that would be incurred
in the cost of MIUS and conventional utilities by variations in some of the assumptions made
regarding utility designs and fuel costs. Some interesting examples of cost changes are:
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Table 6.38. Annual cost difference (conventional less MIUS)
for utility service to garden apartment developments in

1985 (Philadelphia climate, 1972 dollars)a

Utility subsystem Annual unit cost difference ($/DU) for:

288 DU 720 DU 2880 DU

Electric-thermal -71 75 179

Solid wasteb 0 0 0

Liquid waste
-4Nonec -53 -30

l-milec -32 -9 17
5-milec 50 73 99

Potablj and fire protection water
37None -52 -2

l-miled 49 38 23
5-miled 454 200 75

Total annual cost difference ($/DU)
None -176 43 212
l-mile -54 104 219
5-mile 433 348 353

apollution-control features on plants generating conventional electricity.
bSanitary landfill of solid waste used for both systems.
cRefers to offsite sewer mains required for conventional system.
dRefers to offsite water transmission distance for conventional system.

1. Increasing the fixed charge rate from 15 to 20% would increase the annual cost
per DU for MIUS service to the 720-DU complex by about $300, whereas the cost
for service from the conventional utilities would increase by about $220.

2. Incineration with heat recovery would increase the annual cost per DU for MIUS
service by about $160 and $50, respectively, for the 288- and 2880-DU cases.

3. The use of physical-chemical liquid-waste treatment in MIUS would increase
annual costs per DU by about $110 and $80 for the 288- and 2880-DU cases
respectively.

4. Doubling the cost of gas to $2/1000 ft 3 would increase the annual cost of service
per DU from'MIUS by about $100 (i.e., about 10%).

5. The use of the Model E electrical and thermal energy system which employs gas
heating, rather than the average of Models D, E, and F, would lower the
conventional utility annual cost per apartment by about $200.

6. Assumptions regarding increasing the diversity of the MIUS-served complex
by inclusion of associated commercial buildings would lower the cost of
MIUS service only on the order of 10%.

Generally, the maximum effect of these variations is to change relative annual costs by
about ±$200/DU. By comparison, the annual cost differences for all cases summarized in Table
6.38 range from about -$200 to +$400/DU. These differences may not be significant when con
sidered in the light of the probable errors in the models used and the cost estimates of each.
We can conclude, however, that MIUS appears to be competitive with conventional utility services
for large multifamily developments and it should be promoted as an option to be considered. The
accuracy of private-cost evaluations would be considerably improved by an actual demonstration
and/or by studies based on actual planned developments at a specific site.
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Throughout this assessment we have stressed the importance of evaluating MIUS from the
viewpoint of society. Thus, private-cost studies included all marginal costs of new utility
services without regard to whether costs would be paid by developers or indirectly through
taxes or utility rates. Note that the very large and ever-increasing demand for new capacity
will cause the average cost of large systems to rapidly approach marginal cost, which will be
reflected in conventional utility rates and community taxes. Furthermore, MIUS, once installed,
would not suffer from further inflation. If taxes used for municipal utilities were collected
only from consumers of conventional services (i .e., lower taxes for MIUS residents), then the
marginal cost basis of comparison would come fairly close to being a comparison of the private
cost to each consumer.

Some expected consequences of the use of MIUS if private cost is less than conventional
services are shown in Fig. 6.23. By serving a given number of households at less cost, MIUS
will allow some resources to be diverted to produce other commodities, and overall productivity
(with fixed input of resources) will be increased. Increased productivity should lead to
reduced prices which lead to an increase in real income and the "standard of living" for the
general population, but especially for MIUS-served residents who pay less for utilities. Reduced
prices, however, could reduce incentives for conservation of electricity, water, etc. This
aspect could be aggravated by the use of flat-rate billing for MIUS services.

The lower contingency path of Fig. 6.23 leads to a conclusion about total social cost.
Certain characteristics of MIUS stemming from its presence within the residential sector create
more externalities (than do conventional services) and other characteristics based on improved
efficiency; the absence of offsite transmission lines and possible use of incineration result
in less externalities. Depending on the overall balance of the positive and negative externalities
and the private-cost difference, total social cost may be more or less than for the conventional.
The quantification of environmental impacts in Sect. 6.5 suggests some reduction in externalities
by the use of MIUS; therefore, if MIUS private costs are equal or lower and externalities are
lower, total social cost is reduced by the use of MIUS. Further, the distribution of utility
system externalities directly to the population served by those systems is considered much more
equitable regardless of whether the net amount of externalities is more or less.

Contingencies from MIUS with respect to conventional for the assumed condition that the
total social cost of MIUS is less are shown in Fig. 6.24. There are two parallel paths depending
on whether private cost is lower or higher. The condition of lower private cost was shown
previously in Fig. 6.23. If private costs are higher, then externalities must be lower (by
an offsetting amount) for the total social cost to be lower, which leads to higher environmental
quality. On the other hand, higher private cost leads to economic conditions such as lower
productivity, real income, and standard of living; but there is more incentive for residents
to conserve utilities, which further increases environmental quality.

The marginal cost approach of Sect. 6.1 was used to analyze the problem of determining the
optimum combination of two technologies (which produced the same type of service) to minimize
total cost of a given total output. The problem was analogous to the decision facing society
concerning what quantity of the new utility service demand should be provided by MIUS (if any)
and what quantity should be provided by conventional systems. For the situation where the
marginal cost of MIUS is less than conventional at a very low production by MIUS (near 100%
conventional), and where the marginal cost of MIUS then increases to above conventional as a
higher fraction of the total service is supplied by MIUS, the combination of the two technologies
that mlnlmlzes cost is where the marginal costs of MIUS and conventional are equal. Thus, if
MIUS can serve some developments at a lower cost than conventional (such as very large developments
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or those requlrlng considerable conventional transmission), and if we can conclude from the
private-cost comparisons in Sect. 3.9 that MIUS and conventional costs for 720-DU developments
are about equal (i .e., marginal costs for 720 units are equal), then some finite fraction of
total services should be served by MIUS to minimize total cost.

Results given in Sect. 6.2 were based on a simplified problem but indicated that net
savings are likely from the use of fixed installations (such as MIUS) instead of growing
systems (such as conventional electric utilities) when current inflation, interest, and
capacity growth rates are considered. Other economic benefits are likely to accrue from the
existence of MIUS as a proven option. An example might be the effect of competition in a near
monopolistic industry. The effect could be to provide incentives for economy and efficiency
within conventional firms which would benefit the total population. It was shown in Sect. 6.9
that the use of MIUS to serve 14% of,new electric service requirements from 1975 to 1985 would
have a negligible effect on the annual load factor of a conventional electric utility. Thus,
the use of MIUS would not be expected to increase conventional electricity costs.

Any particular interest group has a unique set of criteria by which to judge the economic
impact of MIUS. Impacts of the limited use of MIUS on the national population have generally
been shown to be favorable. With respect to specific sectors, however, both positive and
negative impacts can be identified. The residents of a MIUS-served development will ultimately
pay the full private cost of MIUS, and that group will judge impacts in comparison with the
direct costs of alternative conventional services. In some applications, MIUS may show a net
savings over the life of the project but cost more during the inital few years (because of
factors analyzed in Sect. 6.2). The early, short-term residents may pay more for MIUS services
while permanent and late arrivals reap the benefits.

Financial inequities may also be caused by the use of tax revenues to finance conventional
utilities such as federal or state grants for liquid- and solid-waste treatment, municipal bonds
for utility systems, and proration of water or sewer main extensions to all property owners in
the area to be served. The result is that the MIUS-served population would pay the entire cost
of MIUS plus some part of conventional utility systems (through income or property taxes or
assessments) from which they receive no direct services. The effect is most pronounced when
it is assumed that the MIUS owner would be ineligible for any federal, state, or local funds
(such as with a private corporation). No such inequity would exist, however, if the MIUS were
owned and operated by a municipality. The private-cost inequity would be at least partly offset
by the consideration that the total population receives an indirect benefit from upgrading
liquid- and solid-waste treatment and that use of public revenues is a proper method to internalize
the cost of environmental protection. These same considerations indicate that the conventionally
served population would benefit from the use of MIUS.

6.14.2 Resource impacts

A highly beneficial impact resulting from the application of MIUS would be conservation
of energy. It was estimated that MIUS using gas- or diesel-fueyed internal combustion engines
for prime movers would use about 10 to 50% less energy than new conventional utilities providing
the same service to residential developments (Table 3.96), depending on the climate and on the
conventional method of supplying thermal loads.

Calculated MIUS fuel energy savings relative to conventional electric generation and six
combinations of conventional building service equipment models are illustrated in Fig. 6.25 for
five climates (Minneapolis, Philadelphia, Dallas, San Diego, and Miami). Energy-use estimates
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Fig. 6.25. Fuel energy savings of MIUS over various conventional building service equipment
models serving 720 garden apartments in five cities (based on 1985 mix of new conventional
central station plants with 33% generating efficiency).

were obtained from a computer program using the design characteristics of consumer buildings,
hourly weather data tapes from city weather bureaus, and specific MIUS and conventional system
models. As expected, energy savings with MIUS were greater in cold climates and when compared
to all-electric conventional systems. Significant savings were also shown, however, for a mild
climate (San Diego) and for a climate with high cooling and low heating demands (Miami).
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An estimate, averaged equally over the five climates and over the six conventional building
service models (C through F and combinations thereof), indicated savings of 27.3% for the 1975
1985 period. The overall average savings for the 1985-2000 period was a slightly lower value
of 24.5% because of an increase in generating efficiency of the projected mix at new conventional
capacity for that time.

Thus, one important reason to use MIUS would be lower fuel energy consumption. Figures
6.26 and 6.27 are contingency diagrams illustrating the resulting secondary impacts that might
result from the primary impact on fuel use, air emissions, and thermal release. It can be seen
from Fig. 6.26 that the primary effects are highly dependent on the type of conventional electric
utility displaced by the MIUS. For example, if oil- or gas-fueled conventional utilities were
displaced, there would be less fuel shortage; whereas, displacing coal- or nuclear-fueled utilities
would save coal but use more oil or gas. Primary and secondary impacts on air emissions are also
indicated in Fig. 6.26; the localized release of MIUS emissions causes poorer air quality in small
areas compared with conventional systems. Figure 6.27 shows that accompanying these effects would
be less total thermal release but more local thermal release and favorable effects from less
electricity transmission for MIUS. The relative effect on thermal release is dependent on the
type of cooling used in the conventional utility.

If one postulated that MIUS would be fueled with coal after 1985, then the Fig. 6.28
contingency diagram would apply. Several beneficial effects relative to resources and environ
mental effects are shown and illustrate why HUD and ERDA are jointly sponsoring a program
at ORNL to develop a coal-fueled prime mover. It is believed that a MIUS using a coal-fueled,
fluidized-bed furnace coupled to a gas turbine will be able to use the nation's abundant coal
resources, operate within the residential sector with acceptable effects on air quality, achieve
a net electric generating efficiency of about 30%, achieve an overall use of fuel energy of
about 60% (with heat recovery), and directly use combustible waste as an alternate fuel.

There are, of course, other secondary impacts contingent on the particular type of MIUS
introduced and the specific type of utility displaced. These include the economic, psychological
social, institutional, and environmental impacts discussed under those categories.

Table 6.39 and Figs. 6.29 and 6.30 indicate that either MIUS or conventional utilities
serving a potential market of 400,000 multifamily dwelling units would use only a small fraction
of projected fossil-fuel production. However, a gas- or oil-fueled MIUS would use several times
as much of these resources as the conventional utility it would displace, thereby creating further
competition for resources whose production is forecast to lag demand at current prices. Develop
ment and introduction of a coal-fueled MIUS would alleviate this situation and increase the
demand for coal. Supplies of coal should be adequate if nuclear electric-generating plants are
installed at the forecasted rate. If a higher fraction of new conventional plants were fueled
with coal, the comparisons of effects on air quality would become more favorable for MIUS.

The impact on cooling-water use would be essentially independent of the type of MIUS prime
mover. Assuming that liquid-waste effluent would be used for process water (mainly for cooling
the refrigeration equipment), no water withdrawal other than that for potable water for the
development would be necessary with MIUS. It was estimated in Sect. 6.10 that savings in water
withdrawal to serve the potential housing market would be 7900 Mgd in 1990 and 8050 Mgdin 2000
from the use of MIUS. Water consumption* was estimated to be 20 to 40% less for MIUS than for

*Water consumption was defined as that evaporated, used for irrigation, or otherwise made
unavailable for reuse from the water body receiving treated liquid waste.
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Table 6.39. MIUS and conventional utility fossil-fuel consumptiona

Fraction of domestic production (%) for:
System

0.52 1.0
0.43 0.77

0.26 0.53
0.17 0.34
0.43 0.77

MIUS using:
Gas
Oil
Coal

Conventional utilityb using:
Coal-nuclear mix offsite
and gas onsite

Gas
Coal

Coal-nuclear mix offsite and
1/2 gas, 1/2 oil onsite

Gas
Oil
Coal

1980-2000

3.2
1.9
1.4

2000

6.5
3.9
2.7

aTo serve the potential market for Model A MIUS (200,000 DU by 1980 and
400,000 DU added per year after 1980).

b30 . 8%of electrical generation using coal from 1980 to 1990; 26.4%
from 1990 to 2000. Requirements averaged over an equal mix of 6 models
in five climates.

the conventional system. The consumption of water by MIUS would occur during the summer season
when fog and icing should not be a problem, thus reducing this impact relative to the conventional
utility systems.

A major difference from the conventional utilities is that MIUS would have more small water
supply and liquid-waste systems requiring approval and surveillance. Liquid-waste effluent
quality is not expected to be significantly different for MIUS than for the conventional utili
ties. A basic assumption in the concept studies is that a safe water supply and a high-quality
liquid-waste effluent will be maintained by organizations using highly skilled personnel to
monitor, operate, and maintain several installations.

Groundwater appears to be a logical choice for water supply but not an absolute necessity
for MIUS. No significant impact is anticipated whether water is obtained from ground or surface
sources.

Land as a resource used by utilities is not irretrievable. In fact, for some uses such as
sanitary landfilling, the usefulness of the land may be improved; for others, the land can also
be used for other purposes with the utility maintaining control of the property. Our estimates
indicate a reduction in land-area requirements (Table 6.37), but the amount is considered uncer
tain. Major land requirements for the conventional utilities are: (1) the electrical generating
plant and (2) transmission of electricity, water, and liquid waste. Nearly all the land for
MIUS was assigned to either the equipment building or its surrounding buffer zone. Because of
the multiple-use aspects, retrievability, and uncertainty in the assumptions, land-area impacts
are taken to be the same for MIUS as for conventional utiltity systems.

There are, of course, other higher-order impacts contingent on the particular type of MIUS
and the specific type of utility displaced. These include the economic, psychological-social,
and institutional impacts discussed in Sects. 6.14.1,6.14.4, and 6.14.5 respectively. Other
environmental impacts are summarized in Sect. 6.14.3.
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Fig. 6.29. Fuel resource consumption for three options of MIUS relative to the displaced
conventional utility for 1980 to 2000. Service to 200,000 DU in 1980 with 400,000 DU
added per year after 1980 is assumed. (aConventional offsite fuel mix of nuclear and coal
with gas fuel onsite.)

6.14.3 Environmental impact

6.14.3.1 Air quality

The air-quality impacts of emission from MIUS and conventional utility systems were analyzed
for apartment complexes containing 720 garden apartments located in five climates - Philadelphia,
Minneapolis, Miami, Dallas, and San Diego. The effect of buildup from 1 to 100 apartment complexes
on the air-quality impact was also considered for both MIUS and conventional utility systems.
Electricity demands of the conventional systems were generated by a projected mix of coa1- and
nuclear-fueled steam-electric plants for 1975 to 2000.
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conventional utility in the year 2000; 7.7 x 106 DU are assumed in the year 2000. (aConven
tional offsite fuel mix of nuclear and coal with gas fuel onsite.)

Emissions generated onsite from a MIUS and a Model C conventional utility system - both
district heating and cooling systems - were released from 30-m-high stacks. Dispersion from
these stacks was highly variable, with maximum concentrations occurring 200 to 250 m from the
stack in directions with high wind frequency.

Conventional utility Models D, E, and F released onsite combustion emissions from
individual building vents. The major source of emissions for conventional utility systems
was offsite electrical generation. Emissions from offsite power plants were released from
tall stacks, assumed 244-m (800-ft) high, and were dispersed over a wider area than the
localized dispersion patterns of a MIUS.
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MIUS emissions were found to disperse in widely different patterns in the five climates
considered. However, the maximum annual concentration varied by only a factor of about 2
between the extremes for five climates. Overlapping dispersion patterns of adjacent MIUS
complexes increased background concentration by 10 to 25% of the maximum annual concentration
from a single complex (complexes separated by 700 m, or four 720-unit apartment complexes per
square mile).

Maximum pollutant concentrations were found to occur during adverse dispersion conditions.
For MIUS and conventional system onsite emissions, ground-based inversion fumigation breakup
following a nocturnal inversion produced the highest concentrations - 50 to 200 times higher
than maximum allowable annual concentrations. However, this condition is short-lived (1/2 to
1 hr) and does not contribute significantly to the annual average concentrations. The maximum
concentrations for conventional system offsite emissions also result during elevated inversions,
but these conditions occur infrequently in most areas of the country.

The maximum annual concentration represents the highest long-term air-quality impact for
the immediate area of the apartment complex. Maximum annual concentration ratios of the Model A
MIUS to the Model C conventional system, using natural-gas fuel, for the five climates con
sidered, range as follows:

Concentration ratio, MIUS to Model C conventional, for:

CO

25-60

HC

14-32

NOx

75-200

S02

2-5.5

Particulates

1.5-3.5

The lowest ratios occurred in the cold climate of Minneapolis, and the highest ratios in the
warmer climate of Dallas. Pollutant concentrations from the offsite electric-generating plant
were insignificant, except for SOx' compared to those of onsite Model C. Concentrations of S02
from MIUS and Model C conventional systems were about equal for the case of 10 to 40 apartment
complexes constructed adjacent to each other. For 100 apartment complexes, the S02 ratio for
Model A to Model C ranged from 0.1 to 0.4.

Model E produced the highest conventional system pollutant concentrations. Release of
individual building boiler emissions via short stacks resulted in essentially ground-level
dispersion. The maximum concentration ratio of Model A MIUS (100-unit apartment complexes)
to Model E ranged from 0.8 to 6 for NOx' 0.1 to 2 for CO and HC, and 0.015 to 0.25 for 50 2
and particulates. The air-quality impact of the Model E was equivalent to or greater than that
from the Model A MIUS for all pollutants except NOx'

Generally, the lowest air-quality impact for a conventional utility system was for an
all-electric utility with no onsite emissions. The ratio of maximum concentrations for the
Model A MIUS to the all-electric Model D, for one apartment complex ranged from 10 3 to 3 x lOs
for particulates, HC, NOx' and CO and from 6 to 22 for S02 with a natural-gas-fueled MIUS.
The offsite concentration accumulated linearly for the conventional utility system as more
apartment complexes were added in the same continguous area. With a buildup to 100 apartment
complexes, the MIUS maximum concentration was 10 to 3000 times more than that of the all-electric
Model D for particulates, HC, NOx' and CO; however, for S02' the MIUS concentration is less by
a factor of 0.06 to 0.2.

From these comparisons of air quality from a MIUS and various conventional utility system

models, one can readily see that a wide variation exists which depends primarily on the emission
characteristics of the conventional utility system and secondarily on climatic conditions. The

most significant impact of MIUS relative to conventional utility systems is the increases NOx



6-178

and CO pollutants; conversely, use of gas-fueled MIUS decreased the S02 concentration relative
to conventional utility systems for more than ~40 adjacent apartment complexes. This results
from the method of comparing incremental impacts whereby emissions from electricity generated
to serve conventional models are assumed to be dispersed over the general location of that model.

Air-quality impacts from MIUS emissions were evaluated in terms of Federal Air Quality
Standards (FAQS) issued by the EPA. The localized maximum concentrations from a natural-gas-

*fueled, 720-apartment Model A MIUS represent percentages of FAQS as follows: CO, 0.17%
(l-hr standard); HC, 3% (3-hr standard); NOx' 18%; S02' <0.01%; particulates, 0.1%. With
distillate-oil fuel, the percentages of the FAQS for NOx and S02 changed to 9 and 5.5% respec
tively. Onsite incineration of solid waste affected S02, particulate, and HC emissions
significantly, increasing the percentages of FAQS to 0.3, 0.7, and 25% respectively.

Figure 6.31 is a visual summary of the comparison of air-quality impacts of MIUS and
conventional utility systems with existing pollutant concentration levels in urban and rural
areas. Air quality is shown as a percentage of the existing FAQS for the range of concentrations
resulting from MIUS and an equal mix of the conventional utility system models D electric, E,
F, and F electric. Generally, the impact from MIUS and conventional systems is low «1% of the
FAQS), with the exception of NOx' HC, and S02 from an oil-fueled MIUS. MIUS has the potential
for slightly reducing the impact for particulates and S02 (with natural-gas fuel).

*Annual average value of secondary standard, unless otherwise noted.
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The greatest potential impact on community air qual ity is from NO , which can significantlyx
increase the rural and, to a lesser extent, the urban concentration. However, rural levels
would not exceed the FAQS with the MIUS contribution nor would urban levels, except when the
community is already ~80% or more of the standard. The use of MIUS significantly increases
the NOx concentration, but the maximum is highly localized and within the development served
by MIUS.

To reduce the impact of MIUS emissions on air quality, exhaust-gas control units can be
applied to reduce particulate, CO, and HC emissions by 90%. Such a control unit would be
desirable for reduction of HC emissions in urban areas because the existing community levels
exceed the FAQS by significant margins. There are no readily available NO exhaust-gas control

x
techniques for MIUS subsystems. Substantial efforts by the U.S. automotive industry to develop
catalytic converter units for NOx control may provide control technology which will readily apply
to MIUS gas- or oil-fired prime movers.

6.14.3.2 Water guality

Use of MIUS would have both positive and negative impacts on water quality, and, in the
absence of specific sites or system designs, only general, qualitative conclusions can be drawn
with respect to the net effect. A potential source of chemical pollution is from the discharge
of chemically treated water used for cooling. Water used in wet-cooling towers is treated with
chromates or other compounds to kill living organisms and the evaporative process requires
frequent blowdown, or water discharge, and the addition of treated makeup water to prevent salt
concentration buildup. It was projected in Sect. 6.10 that 42% of new conventional steam-electric
plants would use wet-cooling towers from 1980 to 1990 and 50% after 1990. The MIUS installation,
however, also uses wet-cooling towers - mainly for cooling the large central compressive chillers.
It was further shown (Sect. 6.10) that the annual water evaporation (consumptive use) from MIUS
cooling towers was approximately 20% less in 1990 and 40% less in 2000 than that from steam
electric plants serving identical consumers (only ~14% of total new housing production). Reduc
tions in the release of treatment chemicals would be on the same order, about 20 to 40% less than
the discharges from conventional utilities.

The overall effect of MIUS implementation on national water quality would be relatively
insignificant considering the total quantity of pollutants from mining, industry, sewage disposal,
and other sources not influenced by MIUS.

It has been assumed that both new conventional and MIUS liquid-waste-treatment plants would
be required to meet the same effluent discharge standards. Thus there would be no impact on
water quality by the MIUS liquid-waste subsystem.

6.14.3.3 Overall environmental impact

All environmental effects on air, surface water, groundwater, and land from the construction
and operation of MIUS and projected conventional utility systems were evaluated as a group in

Sect 6.5. All effects were quantified using a common unit of measure, an Index of Environmental
Impact (lEI), which was composed of two factors:

1. A relative concern (RC) factor which reflected the degree of public concern over
the occurrence of each listed effect without regard for the type of system causing

the effect.
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2. A damage potential (DP) factor which expressed the likely severity of each effect

from normal operation of specified and well-defined utility subsystems (i.e., based
on specific system models and their size, type, efficiency, pollution-control
features, extent of governmental regulation, etc.).

The location in which the effect occurs was also considered by evaluating each factor for
four types: uninhabited, rural-agricultural, urban-residential, and urban-industrial. Thus
an extensive list of possible environmental effects was considered, RC values were determined
for each effect in each location, DP values were estimated for various MIUS and conventional
utility system models for each effect at each location type, and the product of RC and DP
(called the lEI) was calculated for each combination of parameters.

By considering a pair of specific models (e.g., MIUS in an urban-residential location and
various conventional utility plants at location types typical of each), a total lEI could be
determined for each model. Interpretation of the lEI was improved by conversion to an equivalent
damage potential (DP) for all effects from the total system model which retained the weighting
of RC for each effect and which corresponded to the original rating scale used to assign DP values.

Based on an evaluation of two typical MIUS and three conventional utility system models, the
MIUS in an urban-residential location produced less adverse environmental impact than the conven
tional models situated in rural-agricultural locations. MIUS models had TIP values corresponding
to a tolerable amount of emotional or physical discomfort, unaesthetic appearance, or nuisance
in a local area. The TIP values for conventional models corresponded to worse impacts, from an
undesirable lowering of quality of life and the environment over a large area (DP = 4) to the
maximum tolerable loss of health, welfare, or aesthetics (DP = 8).

MIUS was estimated to be somewhat worse than the conventional utility for air quality
(although well below the FAQS) and to have only a very slight beneficial impact on water quality;
however, the index-method evaluation of all environmental effects indicated that MIUS would be
an overall improvement over conventional utilities.

Distribution of environmental impacts was also considered. It was assumed more equitable
to distribute impacts of a system directly to consumers (as would be the case with MIUS), and
some possible consequences of this MIUS characteristic are shown in Fig. 6.32. The path at the
top of the figure was based on the assumption that MIUS impacts would be confined within the
development (local) and that fewer conventional installations would be required offsite (non
local). Therefore, nonlocal support of MIUS and less intervenor actions opposing conventional
system construction would be expected. Results generally support this assumption, except that
MIUS emissions to the atmosphere are greater than for conventional utilities (serving the same
population) and eventually are dispersed to the nonlocal population.

Since the authority vested in state public service commissions and other governmental
regulatory bodies is generally based on enhancing public benefit, one would expect rulings and
legal decisions to be favorable to MIUS because of the general reduction and equitable distribu
tion of environmental impacts.

Consequences from possible conditions of local environmental quality are indicated in the
lower path of Fig. 6.32. If local quality (within the development) is improved by use of MIUS,
both local and nonlocal populations benefit. Results of emission analyses (Sect. 6.4), however,
indicate worse local air quality. In that event, the nonlocal population benefits at the
expense of those served by MIUS, and there may be a low acceptance of MIUS by residents. There
are offsetting factors that must be considered to gain a true perspective of the situation.
Although MIUS emissions and local air quality could be worse than the development served
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conventionally, local air quality with only MIUS emissions is well within the FAQS and
considerably better than that existing in many communities. The contribution from MIUS to
existing concentration levels found in many communities represents a small increment, but
if the community is already above the FAQS, any additional sources may be discouraged.
Finally, the consideration of all expected effects from each system by the index method,
in which the severity of each effect was weighted by the degree of public concern for that
effect, showed less overall environmental impact from the use of MIUS.

It must be stressed that the evaluation of MIUS impacts was based on a comparison with
the best new conventional facilities. Steam-electric plants were equipped with cooling towers,
50% or less of conventional electricity was generated by coal-fueled plants (depending on the
projected mix vs time), and the coal-fueled plants were assumed to use very effective S02
removal systems (which have yet to be successfully used on a large scale). Once the full impact
of the wet-limestone scrubbing process is demonstrated, MIUS may be considered far superior.
There were no auxiliary emission-control devices used with MIUS components. Since air quality
appears to be the only adverse environmental effect of MIUS, it is recommended that the effect
be reduced by using currently available control devices for CO, HC, and particulates and by
promoting the development of methods to reduce NO x emissions.

6.14.4 Social and psychological impacts

Psychological impacts are related to effects upon individuals characterized by attitudes
and satisfaction, health and safety, and patterns of activity. Several physical and technological
characteristics of MIUS were identified which increase the potential for adverse psychological
impacts relative to the use of conventional utilities. Generally, the characteristics of impor
tance are those related to the location of MIUS within the development which are recognized as
affecting personal attitudes or health, such as noise, air quality, and odor. Adequacy,
reliability, and cost of services were also identified as factors which could produce adverse
effects - primarily because of the untested status of MIUS.

The health, attitudes, and satisfaction of residents and neighbors of the MIUS-served
community depend on the reliability and adequacy of services and the extent to which noise,
air pollution, and truck traffic can be minimized. The importance of these factors is partially
offset by an increased tolerance toward operations performing necessary services and the possible
favorable effect of independence from remote utility companies. Safe, relfable, unobtrusive
MIUS operations are technically feasible, but much will depend on the designers and operators
of each installation. The production of adverse psychological impacts is wholly dependent on
performance and is not considered to be inherent in the MIUS concept.

Figure 6.33 indicates selected cause-effect relationships from social impacts. The
uppermost path depends upon residents' acceptance of MIUS after some experience with its
operation. Acceptance leads to high occupancy, good maintenance of dwellings by the occupants,
low crime rate and reduced vandalism; nonacceptance causes the reverse. In addition, nonacceptance
could lead to the organization of residents for the purpose of improving their situation, possibly
leading to court actions and abandonment of MIUS in favor of conventional utilities. That MIUS
acceptance leads to increased conservation practices by residents is based on indications that
attitudes tend to conform to behaviors that have already been performed (Sect. 4.10). Acceptance
of a conservation concept such as MIUS, for whatever reasons, would then lead to increased
positive attitudes toward conservation.
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fig. 6.33. Selected social and psychological impacts of MIUS.
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Residents of the MIUS-served development may form organized groups because of other

common causes, especially if MIUS has been promoted as a major part of the development "plan."
They may consider themselves as an autonomous community and resist or lose interest in the
existing local government. A likely action would be to resist taxation and bond issues that
finance conventional utilities.

The lower path of Fig. 6.33 shows some effects on makeup of the development and on attitudes
and behaviors toward conservation by the MIUS owners and its residents due to optimization of
the development (its layout, structures, and fixtures) to take maximum advantage of MIUS
characteristics. The MIUS owner will be forced to make the utility system choice on the basis
of a total lifetime economic analysis, or else he would not consider MIUS. A logical extension
of that type of cost comparison would be to consider other variables that increase returns.
These would include features of the development such as size, density, building type, building
thermal insulation, water-conserving appliances, and careful control of construction practices.
Realization of direct financial benefits provides the best incentive for conservation, which
may be a very important indirect effect of MIUS use.

6.14.5 Institutional impacts

6.14.5.1 Developer, utility, and financier impacts

The availability of MIUS would provide developers and utilities with an option for their
normal practices. Thus, it might allow developers to proceed with installing housing develop
ments that would otherwise be blocked because of lack of utility service. It might provide
utilities with supplementary capacity to assist in meeting the demands of the public in their
area.

Utilities systems would suffer some damage to their system diversity if free-standing,
independent MIUS captures the residential-commercial customers. However, the load factor of
the conventional system is expected to change only slightly. The calculations accounted for the

loss of diversity by a credit factor to the conventional utility system costs. Use of grid
connected MIUS by electric utility companies, however, would improve the economics of MIUS
and would provide utilities with a new option to improve optimization of the whole system.

Because MIUS would have a long pay-back period and would involve large developments,
relative to current practice, it is likely that MIUS will be of most interest to major home
builders. There are quite a few firms already involved in reasonably large projects involving
a high fraction of multifamily housing. If MIUS is proven to be a pUblic benefit, information
describing how MIUS can best be applied should be widely disseminated to encourage large
multifamily housing developments.

The acceptance of MIUS by developers involves a decision in favor of a modestly higher
investment and an operating responsibility. If MIUS is established as economically attractive
there appears to be no unusual problem of financing. In Sect. 4.9 it was shown that 150 major
home builders produced 16% of all housing units in 1973, and that 73% of that housing was

attached and multifamily housing. Thus there is an established industry capable of implementing
MIUS.

Liability for damage due to failure or improper operation of MIUS would be an insurable
risk but would require development of new rates, which in turn would depend on the type of
ownership - mainly, public or private. It may be necessary to stimulate and assist the
insurance community in evaluating the risks.
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6.14.5.2 Governmental and legal impacts

Governments would be involved with MIUS at all levels. The main areas of concern would
be public health and safety, taxes and subsidies, and regulatory agencies.

MIUS appears to have no important differences from conventional utility systems relative
to public health and safety insofar as their relationship to governments is concerned. A
main difference is the number of effluent release points and the close proximity to the public.
Since approvals would be required for a larger number of sites, the standardization (generic
approach) would help reduce any increased work load.

Although taxes and subsidies should not be factors in determining whether MIUS is worthy of
being used, there are ~~ry real problems insofar as implementation of MIUS is concerned. Private
facilities are taxed differently and are not eligible for government subsidies (as previously
discussed in Sect. 6.14.1). Thus, assuming MIUS is in the public interest, the implementation
phase of MIUS and subsequent widespread use may cause changes in tax laws and in utility subsidy
programs at all government levels. It is expected that changes would be made slowly and would
be in the direction of removing financial inequities. The impact of MIUS would likely not be
sudden or of much consequence. Questions are already developing with respect to the constitu
tionality of separate classification for tax purposes. An additional argument based on the
promotion of MIUS for public benefit may influence decisions in favor of MIUS (and all other
public utilities).

The rules of government regulatory agencies often depend on whether a utility is public
or private. It may be necessary to modify some rules to make them more neutral relative to the
type of ownership without infringing on public interests, although it is not clear that serious
disadvantages would result from MIUS classification as a regulated public utility. In addition,
it will be necessary to obtain rulings, standards, and guidelines from regulatory bodies which
have jurisdiction but have no regulations that apply specifically to MIUS.

It was generally shown in Sect. 4.8 that MIUS, although unique in its structure, should not
be unique in its treatment by the law. Established law will be relied on if applicable, and it
would seem that general utility law is applicable. Of course, legislatures on the state or
federal level can create specialized law affecting MIUS, but it would seem unnecessary as long
as MIUS is capable of working well within the established legal and regulatory scheme. It is
anticipated that MIUS would not have any dramatic effect on the legal structure or on the court
structure. Courts will be capable of adapting MIUS to the basic general laws in regard to
liabilities, franchising, regulation, etc., without dramatic changes in the legal system or
structure. It is also doubtful that MIUS itself will create legal precedents of significant
impact on other utility systems.

6.14.5.3 Organization impacts

There is a large variety of organizations that would interact with MIUS - community,
professional, environmental, conservation, labor unions, and professional workers. On a
national scale, MIUS would have very little impact on such organizations. Environmental and
conservation organizations are in general accord with the MIUS goal of energy conservation with
protection of the environment. Jurisdictional dispute between concerned labor unions are a
potential impact but unlikely as a serious problem. MIUS would create a gradual shift of
occupational requirements similar to that which has been occurring for a considerable time
(i.e., a shift toward more automation and more highly skilled jobs).
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6.14.6 Demographic and application impacts

MIUS does not appear to have significant impact on demographic patterns or residential
characteristics. Migration patterns will dictate the location of new housing, and this housing
can be served by MIUS or conventional systems. Because MIUS is best suited for large (300 to
3000 DU) medium- to high-density housing developments, its future use would require construction
of large developments. Whether this would produce a significant impact on residential
characteristics is not known, but since there is a trend toward large developments the impact
would appear to be small.

A beneficial result of large projects is the tendency to plan them better, and using MIUS
to furnish utility service should accentuate this effect. Since MIUS could be used at locations
remote from the conventional utilities, it might encourage establishment of such communities and
would then, of course, include the associated commercial and institutional customers (e.g.,
schools, hospitals, etc.).

Figure 6.34 shows higher-order impacts that result from providing utility service where
it is not otherwise available. MIUS would help governments provide high-qualtiy utility service
at remote locations. The chain of events at the top of the figure illustrates many favorable
effects of MIUS application.
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