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ABSTRACT

SOCIO-PHYSICAL FACTORS AFFECTING
ENERGY CONSUMPTION IN SINGLE
FAMILY DWELLINGS:

AN EMPIRICAL TEST OF A
HUMAN ECOSYSTEMS MODEL

By

Bonnie Maas Morrison

Selected socio-physical determinants were hypothe-
sized to affect both 1) belief in the reality of the
energy problem, and 2) total direct energy consumption
(BTU's) in single family detached dwellings. The re-
search undertaken here tested the viability of a second-
order input/output model of physical housing factors
and family factors derived from a broad human ecosystems
model based in systems theory. Multiple step-wise re-
gression and recursive path analysis were used as the
analytic mode.

Four hypotheses were generated which tested both
the net and gross aspects of the belief variable and the
energy consumption variable via hypothesized direction
of relationships (positive and negative signs), as well

as the rank ordering of magnitudes of relationships.
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Although minor changes in hypothesized signs
were observed and shifting of rank ordering occured, a
substantial amount of the variance for the belief vari-
able (R2 = .427) and the energy consumption variable
(R2 = .485) was explained.

The findings indicated that belief in the reality
of the energy problem is positively related to mean
(husband-wife) educational attainment, agreement (hus-
band-wife) on the availability of electrical energy and
reported total costs of all energy forms used in the
dwelling unit (June 1974-May 1974), suggesting that
belief is a factor in awareness of and experience with
energy consumption problems.

Energy consumption in single family dwellings
was found to be related to components of life-style and
behavior, as well as the physical housing factors. The
number of persons in the household, the number of major
appliances and the number of rooms in the dwelling unit
contributed most to the variance explained. Belief in
the reality of the energy problem does not effect a
change in energy consumption patterns.

Therefore, this study indicates that in the
short-run (energy crisis period, Winter 1973-74) energy

consumption was determined by aspects of family life
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style, which did not incorporate a new energy conserva-
tion ethic. Implications for future research, public
policy and educational programming based on these

findings are suggested.



SOCIO-PHYSICAL FACTORS AFFECTING
ENERGY CONSUMPTION IN SINGLE
FAMILY DWELLINGS:

AN EMPIRICAL TEST OF A

HUMAN ECOSYSTEMS MODEL

By

Bonnie Maas Morrison

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
Department of Family Ecology

1975



Copyright by
BONNIE MAAS MORRISON
1975






ACKNOWLEDGMENTS

Undertaking the development and writing of a
doctoral dissertation can be made analogous to the systems
perspective found within the following pages. This
system can be viewed as an adaptive self-organizing
system reacting to convergent inputs, controlled by feed-
back from many sources; the output of which is printed
between these covers.

Each of the following persons comprise important
positions in this sytem for the functions they served
in the systems dynamic steady state. To each of these
persons I express my deep and sincere appreciation:

Dr. Beatrice Paolucci, who, as committee chair-
person, dissertation director, mentor and friend, I owe
so much in terms of intellectual stimulation, encourage-
ment, challenge and sense of excellence.

Dr. Margaret Bubolz, who was one of the first to
introduce me to the notion of systems and its potential
for empirical development.

Dr. Robert Rice, who as my department chairman
and committee member, encouraged and supported my seeking
the Ph.D., via flexible teaching and research arrange-

ments.

ii



Dr. Joseph Woefel, who was a most impértant ad-
visor during the development of the recursive path
analysis and who graciously consented to be a committee
member in the absence of Dr. Donald Montgomery.

Dr. Linda Nelson, who also served as department
chairperson and who also rémained flexible in relation
to teaching assignments.

Dr. Robert Boger, director of the Institute of
Family and Child Study, who both encouraged my involve-
ment in the interdisciplinary research team and gave
support to my position as project coordinator.

Dr. Sylvan Wittwer, director of the Michigan
Agricultural Experiment Station, who funded project
#3152, "Functioning of the Family Ecosystem in a World
of Changing Energy Availabilities."

The interdisciplinary research team and graduate
assistants, who individually and collectively developed
the systems research perspective out of which this inves-
tigation emanates. Special recognition goes to Dr.
Peter Gladhart, Dr. James Zuiches, and Dr. Mary 2Zabik
for the unselfish energies devoted to the research pro-
ject. Also special gratitude to Joanne Keith, whose
keen understanding, sincere efforts and precision made
this research experience especially rewarding. Mary Ann

Eichenberger and Michael Lawrence, also contributed

iii



long hours in the compilation of the energy consumption
data file. Also, I am grateful to the many persons who
worked on the research project: the interviewers, the
field supervisor, the coders and coder supervisors.
Without the many hours spent in collecting and compiling
the data, this study would not have occured.

Judy Pfaff, who served as my able, precise and
patient computer specialist during the development of
the multiple regression and path analysis. We both
learned a great deal.

Sharon Loomis, whose service as typist through
hand written copy to finished product, indicates her
sincere interest and dedication.

Eva Blake, who as helper and friend, maintained
the household decorum, making this endeavor even more
possible.

Ariel Maas, who, along with my father, instilled
in me at an early age a sense of self-worth and competence
SO0 very necessary in defining and pursuing life goals.
Ariel read with a critical eye the manuscript of this
dissertation and gave assistance in finalizing the bib-
liography.

Dr. Denton Morrison, husband, confidante, lover
and friend, who set the example I follow and who,
through the frustration and joys of this systems process,
remained supportive of both my intellectual and emotional

needs. iv



These listed persons are but a few of the many
linkages in the system that encompass a much broader
environment of family, peers, friends and scholars,
who have through their special interest, insight or
strength, managed to both tantalize and encourage me

to pursue this course of action.



TABLE OF CONTENTS

Page
LIST OF TABLES . . . o . . . . . . . . x
LIST OF FIGURES . . . .« « « o « « o . xiii

LIST OF APPENDICES e e e e e e e e e . xiv

Chapter
I. INTRODUCTION . . ¢ &« o o o o o =« 1
Energy Dependency . . .« =« « .« . 1
The Context of the Problem . . . . . 5
The Energy Problem: The
Distal Global and National
Environment . . . e e e e 5
The Energy Problem: The Imme—
diate Family Environment e e e . 7
The Study Problem, The Basic
Objectives and the
Assumptions . . . . . .+ . . . 12
Operational Definitions . . . . . . 15
II. REVIEW OF ENERGY LITERATURE . . . . . 20
Introduction e o s e e o e« o e 20
The Related Literature . . e e 21
Literature Related to Re81dent1a1
Energy: Directly or Indirectly . . 25
Residential Energy e e e & s e 41
Reviewed Research as Related
to Present Study . . . . . . . 45
ITII. SYSTEMS THEORY o e e e e e e e e 47
Rationale for a Systems Approach . . . 47
Systems Approach: The
Energy Problem . . . . . . . . 48
Systems Approach:
The Family . . . . . . . . . 49
General Definition
of Systems . . . . . . . . . 51

vi



Chapter

Ecosystems, Cybernetic Systems
and General Systems: Structure
and Control . . . . . . .
Structural Commonalities . .
The Functional Unity . . . .
Systems Integration: Unique
Contribution to the Develop-
ment of the Conceptual
Framework e e e s e e e

IV. THE CONCEPTUAL FRAMEWORK AND
HYP OTHE SE S L] Ll L] L3 L] . L] L] L]

Development of the Conceptual
Framework of this Study . . .

A Conceptual Framework: Human

Ecosystems Model . . . . .
The Organism or Environed

Unit: The Family . . . .
The Environments of the Famlly
The Natural Environment . . .
The Built Environment « e .
The Behavioral Environment . .

The Utility of the Human

Ecosystems Framework . . . .
Deduction Toward the Hypotheses
The Generalized Family
Ecosystem Input/Output Model .
The First-Order Input/Output
Model and Variables of the
Study . . . e e e e s
The Second- Order Input/Output
Model: The Model to be Tested .

The Statement of Study Hypotheses

V. METHODOLOGY e e e e e e e e

Introduction e e e e e e
The Survey Research Method . . .

The Survey Instrument and

Data Collection Procedure . .
Interview Schedules . . . .
The Interview Procedure . . .
The Procurement of Utility Data
Data Processing e e e e

The Sample . . « e e e e

The Sampled Communlty°

The Near Environment . . . .
Sample Design and Selection .
The Urban Sample . . . . .

vii

Page

53
72

74

76

76
78
78
79
81
84

89

91

94

97
99

101

101
102

- 103

104
105 -
107
109
110

110
111
112



Chapter

The Rural Sample . . . . .
Demographic and Socio-economic
Characteristics of the Sub-

sample . . e o e e e
The Mode of Ana1y31s e e e
Path Analysis . . . .

The Assumptions of Path
Analysis: A Recursive Model .
The Operational Variables . .

VI. FINDINGS

Introduction . . o o e
Belief in the Reallty of
the Energy Problem . . . .
Findings e e e e e e e
Discussion . . . . .. . .

Total

Amount of Direct Energy

Consumed in Single Family
Detached Dwellings . . . .
Findings e ® & o s e =
Discussion . . e o e e
Discussion of Some of the
Interesting Findings e e .
The Path Model e e e e e e
Tests for Recursiveness
and Linearity . . . . . .
The Gross Analysis . . . .
Belief in the Reality

of

the Energy Problem . . .

Findings e o e s e e e
Discussion . . . «
Total Direct Energy Consumptlon
Findings e e e e e e e
Discussion . . . . . . .

In

VII. SUMMARY,

Summary « e« o o . o e

CONCLUSIONS AND IMPLICATIONS

Summary Overview of the
Research Problem . . . . .
Systems Approach and
Analysis Mode . . . .« . .
Need for Residential Energy
Research e e s o e e
Conclusions o . o
Testlng a Systems Model e e
Belief in the Reality of
the Energy Problem . . . .

viii

Page

113

115
120
120

121
124

127
127

131
131
133

137
137
140

142
146

149
151

151
152
152
153
153
153
154

156

156
157
158
159
159

160



Chapter Page

Analytic Conclusions . . . . . . 160
Speculative Conclusions . . . . . 16l
Energy Consumption in Single

Family Detached Dwelling Units .« e 162
Analytic Conclusions . . . . . . 162
Speculative Conclusions . . . . . 164
Study Limitations . . . . . . . . 168
Major Limitations . . . . . . . 168
Other Limitations . . . . . . . 169
Other Variables e e e e e e 169
Implications e e e e e e e e 170
Future Research e e e e e e e 170
Public Policy .« . « « +« o« o @ 171
Educational Programming . . . . . 173

APPENDICES . . ¢« ¢« « o« ¢« o o o o o 175

BIBLIOGRAPHY e e e e e e e e e e e e 209

ix



Chapter Page

Analytic Conclusions . . . . . . 160
Speculative Conclusions . . . . . 161
Energy Consumption in Single

Family Detached Dwelling Units .« . 162
Analytic Conclusions . . . . . . 162
Speculative Conclusions . . . . . 164
Study Limitations . . . . . . . . 168
Major Limitations . . . . . . . 168
Other Limitations . . . . . . . 169
Other Variables e e e e e e . 169
Implications e o & e e« & a4 e e 170
Future Research e e e e e e e 170
Public Policy . . . .« .« « « 171
Educational Programming . . . . . 173

APPENDICES L] L4 L] . Ld L] L3 L] L] Ll L] L4 L] 175

BIBLIOGRAPHY . . L . L L] . L L] L3 Ld . 209

ix



LIST OF TABLES

Table Page
l.--Comparison of Median Family Incomes,
Selected Years 1947 to 1973 (In
current dollars) . . . .. ¢ .« ¢ . . 9
2.--Total Fuel Energy Consumption and Annual
Rate of Growth in the United States by
| End Use . =+« « « « o o o o o o 11

3.--Total Residential Energy Consumption in
the United States by End Use . . . . . 12

4 .--Total Energy (gas and electricity) Costs
and Percentages by Housing Types (Based .
on power consumption predictions) - .« . 14

5.--Review of Research Related to Residential
Energy Consumption e s s e e s e » 27

6 .--Research Methods Employed and the Sample
) Size, by Researchers . . . . .« .+« .« . 40

f 7.--Comparison of Closed and Open Systems
Characteristics e e e e e e e e 71

8.--Outline of Study Input/Output Variables
and Their Measurement e + e e e e e 96

9.-=Family TYPE « « « o o o o o o o 115
lO.--Educational Attainment . . . . . . . 116
11.--Occupational Categories by Sex e o o e 117
12.--Income Characteristics . . . . .. .+ . 118
13.--Age Characteristics by Sex . . . . . . 119
14.--Housing Structural Types e o s s e o 119

15.--Housing Tenure . . .« =« « o o o o o 120






Table Page
16.--Operational Variables . . . . . . . . 125

17.--Objective and Subjective Measures Within
the \S tudy L] ° L] o L] ' . L] L] L] L ] L] L] 1 2 6

18.--Standardized Regression Coefficients,
F-ratios, Probability of Sampling Error
and Multiple Correlations of Seven Inde-
pendent Variables on Belief in the Reality
of the Energy Problem . . . . . . .+ . 132

19.--Standardized Regression Coefficients,
F-ratios, Probability of Sampling Error
and Multiple Correlations of Seventeen
Independent Variables on the Amount of
Direct Total Energy Consumed in Single
Family Detached Dwelling Units . . . . . 139

20.--Standardized Regression Coefficients,
F-ratios, Probability of Sampling Error
and Multiple Correlations of Two Inde-
pendent Variables on the Belief in the
Reality of the Energy Problem . . . . . 152

21 .--Standardized Regression Coefficients,
F-ratios, Probability of Sampling Error
and Multiple Correlations of Two Inde-
pendent Variables on Energy Consumption
in Single Family Detached Dwelling
Units . .« .« +« ¢ ¢ « o « o o « o« 153

22.--Family by Type, Total Lansing SMSA Families,
Pilot Study Sample Families . . . . . . 188

23.--Educational Attainment, Total Families
Lansing SMSA, Pilot Study Sample
Families . . &« &« =« =« « o« o o « =« 189

24 .--A Comparison of Occupational Character-
istics by Sex, Total Lansing SMSA and
Sample Families . . . . . . .+ .« . =« 190

25.--Income Characteristics, Total Families
Lansing SMSA, Pilot Study Sample
Families .« =« &« ¢ ¢« ¢ o o o « « o 191

26 .--Marital Status by Sex and Age, Total
Lansing SMSA, Pilot Study Sample . . . . 192

xi






Table Page
27.--Housing Structural Types, Total Lansing

28 .--Housing Tenure, Total Lansing SMSA,
Pilot Study Sample . . . . . . . .+ . 194

29.--Study Means and Standard Deviations . . . 207

30.--Raw Correlation Matrix e« e« « e« « o+ 208

xii



LIST OF FIGURES

Figure
l.--Environment and Organism Interrelation . .

2.--Schema of Closed Cybernetic System
Operations . . .« =« ¢ « « o« o o .

3.--Continuum of Systems, Closed to Open e e
4 .--Schema of an Open Cybernetic System . . .
5.--The Human Ecosystems Model . . . . . .
6 .--Inter~-family Social Behavior . . . . .

7.--Social Relationship Between Society,
Family and Child and/or Individuwal . . .

8 .~-Basic Input/Output Model e e s e e e

9.--Generalized Family Ecosystem, Energy and
Information Input/Output Model e e o e

10.--First-Order Hypothetical Input/Output Model.
Schema of Study Input/Ouput Variables and
Their Hypothetical Relationships: Determinants
of Energy Consumption in Single Family
Detached Dwellings e e e e e e e »

11 .--Second-Order Hypothetical Input/Output Model.
The Path-Analytic Model of the Hypothesized
Relationships to be Tested: Determinants
of Energy Consumption in Single Family
Detached Dwellings e s & s e o e e

12.--Second-Order Specified Outcome Input/Output

Model of Energy Consumption in Single Family
Detached Dwellings e e e o e e e e

xiii

Page
54

64
66
67
82
87

88
90

92

95

98

148



LIST OF APPENDICES

Page
Appendix A.--Glossary of Terms . . . . =« « . 176

Appendix B.--Major Variable Groups to be
Assessed in the Pilot Study .« . 184

Appendix C.--Tables of Total Lansing SMSA
Families and Pilot Study Sample
Families L] L] . L] L] L] L] L] Ld . 187

Appendix D.--Operational Variables and
Parts of Questionnaires . . . . . 195

Appendix E.--Tables of Means and Standard

Deviations, Matrix of Raw
Correlations e e e e e e e e 206

Xiv



CHAPTER I

INTRODUCTION

Energy Dependency

Humans are energy dependent. Two decades ago
Cottrell hypothesized that, ". . . the energy available
to man limits what he can do and influences what he will
do" (1955, p. 2). Thus, it would appear that human
potential, as well as the level of development and com-
plexity reached by human culture is highly related to
the amount, cost and forms of energy available. Odum
suggests, for example that:

. Energy is measured by calories, btu's,
kilowatt hours, and other intraconvertible
units, but energy has a scale which is not
indicated by these measures. The ability to
do work for man depends on the energy quality
and quantity, and this is measurable by the
amount of energy of a lower grade required
to develop the higher grade. The scale of
energy goes from dilute sunlight up to plant
matter to coal, from coal to oil to electri-
city and up to the high quality efforts of
computers and human information processing.
(Man/Environment Systems, 1974, p. 231).

This statement illustrates quite clearly the
relatively complex set of energy forms upon which

humans have become dependent.



Over human history on earth, the linkages between
people and energy can be traced from primitive low-energy
cultures to high-energy cultures of great diversity and
complexity.l Historically, the basic dependency on energy
has grown and changed through progressive stages. As
Cottrell indicates, both the level and form of energy
consumed today has taken society out of the realm of a
"low-energy" human-labor intensive state and placed
society in a "high-energy", techno-mechanical state.

This assertion is particularly true for most developed
nations of the world, especially the United States,2
although the developing nations of the world also have
aspirations toward greater use of converted energy forms.

How modern day humans view energy resources has
been largely based on the primary assumption that an in-
finite supply existed. Cheap and apparently plentiful
supplies of energy have tended to reinforce a value posi-

tion that energy could be considered for all intents and

lIt is not the intent of this essay to cover in
detail the historical developments of energy use by humans
over time, except to suggest that cultural development to-
wards complexity is paralleled by increased use of con-
verted energy forms. See: Cottrell, Energy and Society,
1955 and Starr, Energy and Power, Scientific American,
Vol. 225, No. 3, September 1971, pp. 37-49 for a compre-
hensive coverage of the historical development.

2The U.S., with six percent of the world's pop-
ulation, uses thirty-five percent of the world's energy
(Cook, 1971, pp. 135-144).




purposes a free good upon which economic growth and
social evolution could be demanded as a human right.

The apparent energy shortage (referred to as the
"energy crisis," winter of 1973-1974), however, tended
to turn the viewpoint to a more conservative one based
on an assumption of the finiteness of certain energy re-
sources (particularly petroleum based fossil fuels) and
their increased value as a scarce economic good. The
outcome of this new awareness is the need for humans to
re-evaluate their relationships to and depeﬁdency on
energy. This need provides the primary focus for this
study.

Although the energy crisis was eventually rele-
gated to the status of a problem, albeit a serious inter-
national one; a general mood of "normalcy" was created,
especially with the end of the Arab o0il embargo in March
of 1974. The energy problem, however, still remains a
serious unsolved environmental problem with both global
and national economic, political, social, technical and
ecological implications.

At issue is the question of the serious imbalance
apparently occuring between the growing requirements of
society and the capability of the natural environment to
deliver what is required (B. Morrison, 1974). Conserva-
tionists have for decades warned of the disasters impend-

ing if human society continued to ignore natural ecological



balances. More recently ecologists and environmentalists
have decried the sad misuse and abuse of the natural en-
vironment and its resources as demands to satisfy human
ends accelerate (D. Morrison, 1972).

Thus the issues first raised by the environmental
movement (early 1970's) and subsequently reinforced by
the "energy crisis" have served to stimulate research to
uncover the basic roots of the disequilibrium occurring.

Questions arise as to why the energy problem
occurred. What circumstances culminated in the situation
defined as an energy crisis? How does the public view
the energy problem; i.e., do they view it as real or
contrived; as a long-term or short-term problem? Does
belief in the reality of the energy problem affect energy
consumption? Finally, is there an emergent "new" energy
conservation ethic?

These questions are of primary concern to a society
whose dependencies on energy make it particularly vulner-
able to a multiplicity of complex energy-related problems
if answers are not sought and found. Of course, this
research endeavor will not search for empirical insights
into all these questions. Some of the questions will,
however, be discussed heuristically, others will become
the focus of the empirical work undertaken.

In general terms then, the present study considers

the energy problem in relation to:



1) The more distal global and national environ-
ment. This focus will be narrative in nature, lending
background insights into the roots of the energy problem.

2) The more immediate family environment. This
will be the empirical focus which encompasses the specific
concerns that form the research problem and the hypothe-

ses of this study.

The Context of the Problem

The Energy Problem: The
Distal Global and National
Environment

In broad perspective the crux of the energy pro-
blem at the global level is the growing dependency on
and competition for high energy resources. Many observers
of the energy problem have articulated in more specific
terms the conditions surrounding the problem. These
observations can be synthesized to a few essentials:

1) Human populations are growing exponentially at

an increasing rate (Bogue, 1969). On a world-wide basis

the annual rate of natural increase in population as of
1973 was 2.0 percent, for the United States that increase
was 0.6 percent for the same period (Freedman and Berelson,
1974).3 This population growth rate corresponds to a

"doubling time of 33 years" (Meadows, et al., 1972).

3"Thus even if the country's fertility persists at
a replacement level, the U.S. will not reach zero growth
for 50 or 60 years, at which time its population will be



2) Per capita energy consumption is growing ex-

ponentially for non-renewable fuel sources (Perry, 1972).

Globally, the annual per capita increase in energy con-
sumption is six percent, in the U.S. use of energy has
grown to more than four percent per capita per year
(Ford Foundation Report, 1974a, p. 1).

3) Expectations for more and better goods and

services are limitless (D. Morrison, 1974). "Mankind

collectively is in the midst of a 'revolution of rising
expectations,' involving a universal commitment to the
concept of economic growth as 'an irreversible and
irrepressible need'" (Jaguaribe, 1966).

4) Low-cost energy resources are limited (Perry,

1972). ". . .the earth's @deposits' of fossil fuels (coal,
petroleum, natural gas) are finite in amount and non-
renewable during time periods of less than millions of

years. . ." (Hubbert, 1969, p. 158).%

40 percent larger." (Freedman, R. and Berelson, B., 1974.
The Human Population, in Scientific American, Vol. 231,
No. 3, p. 32).

4'I'he United States produces thirteen percent of
the world's coal, yet consumes forty-four percent. For
petroleum, U.S. production is twenty-three percent of the
world total but consumption is thirty-three percent. And
for natural gas the U.S. produces fifty-eight percent of
the world total, but consumes sixty-three percent. The
difference between production and consumption (between
five percent and thirty-one percent depending on the fuel
source) is a strong indicator of U.S. dependency on
"others" for the fuel supplied to support the present
life style (Meadows, et al., 1972, pp. 56-59).




These four complex interacting factors, three
which represent growth dimensions, the fourth a constraint
to the continuation of growth, are considered the major
components of the situation that culminated in the so-
called "energy crisis," although, the Arab-Israeli War
(Fall of 1973) and the ensuing Arab oil embargo triggered
the event and elevated its intensity.

The Energy Problem: The Imme-
diate Family Environment

The energy problem, although a problem of global
and national proportion, has also had its affect on indi-
viduals and families. To be more specific a large pro-
portion of American families have been the benefactors
of the exponential growth in per capita energy consump-
tion. As a nation we consume 35 percent of the world's
energy in spite of the fact that we are 6 percent of the
world's population (quk, 1971, p. 135).

Montgomery suggests that, "each American today
has the equivalent of 300 persons as 'energy servants'"
(1973, p. 17). This calculation is based on work done
by Rocks and Runyon in assessing the watts per capita
expended in iﬁdustrial production in comparison to the
biological power of a person (1972, p. 8).

To become even more specific the annual growth of
energy consumption in the United States is 4 percent per

year, for residential energy consumption the annual



growth rate is 4.8 percent (Ford Foundation Report, 1974a,
pp. 3-4).

This growth rate indicates that the level of
living enjoyed by many American families has been
highly dependent on a cheap and plentiful supply of
energy. Therefore, the shortages and increased costs
of energy experienced during the energy crisis period
have become a distinct threat to the very quality of
life American families not only expect but also
demand.

The increase in residential energy consumption
can be accounted for by several complex interacting fac-
tors. Those most discussed in the literature are given

below:

1) A growth in U.S. population. Although the

annual rate of natural population increase (0.6 percent)
is less than for any other regions or nations of the
world, (Freedman and Berelson, p. 39), during the 1960's

the U.S. population increased 11 percent (Ford Foundation

Report, 1974a, p. 2).

5Residential energy consumption is used here as a
general measure of family energy consumption. This is
necessary as no standard measure is presently available
for family energy consumption. Residential energy use is
a measure for all dwelling unit types (single-family to
multiple dwelling) and would include single individual
households (18.4 percent of total U.S. population) as
well as family households (81.6 percent of total U.S. pop-
ulation). Source: Dept. of Commerce, Bureau of Census,
Current Population Reports, Series P-20, No. 200.
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2) A tendency towards smaller households. During

the 1960's household formation increased by 17 percent,
indicating, in spite of the 11 percent population in-
crease, a switch by the elderly and young adults to live
in their own places (Reilly, 1973).

3) An increase in median family income. There

has been a steady increase in median incomes for families.

Table 1 indicates this for selected years.

TABLE 1l.--Comparison of Median Family Incomes, Selected
' Years 1947 to 1973. (In current dollars).

Median Family Income

Year In Current Dollars
1947 $ 3,031
1950 3,319
1960 5,620
1965 7,974
1968 : 8,634
1970 9,867
1973 10,236

Sources: Department of Commerce, Bureau of the Census,
Current Population Reports, Series P-60, No.
66, U.S. Bureau of the Census, Current Popula-
tion Reports, Series P-60, No. 80.

The percentage per capita increase in disposable
income betwéen 1950-1970 has allowed the purchase of
greater numbers of energy consuming items, resulting in
an increase of residential energy use by 50 percent dur-

ing the 1960's (Reilly, 1973).
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4) Cheap and plentiful energy sources. Until 1972,

when the shift in both energy supplies and costs began to
occur, U.S. families were benefiting from an incentive
pricing structure for most energy sources that encour-
aged energy use. The plan was basically "the more energy
used the less per unit the cost." This was true for fuel
oil, natural gas and more recently for electricity
(Tansil, 1973, p. 4).

This program, largely coming into question since
the energy crisis (Winter, 1973-1974), was, however,
a major factor in energy consumption practices during
the 1950's and 60's which resulted in the 50 percent in-
crease in residential energy consumption in the 1960's

mentioned before.

At the national level these four factors have con-
tributed greatly to both increased energy consumption and
to the energy problem. Obviously these are not the only
factors. Transportation, industrial and commercial sec-
tors of the economy also account for large proportions
of energy consumption and growth in annual rate of energy
use in the United States. Table 2 indicates the per-
cent of national total and annual growth rate accounted
for by each of these sectors.

It should be noted that for each sector, including
the residential, the rate of energy consumption has grown,

emphasizing the broad internal national factors giving rise
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TABLE 2.--Total Fuel Energy Consumption and Annual Rate
of Growth in the United States by End Use.

Percent of Annual
End Use National Total Rate of Growth (%)
Residential 19.2 4.8
Commercial 14.4 5.4
Industrial 41.2 3.9
Transportation 25.5 4.1
National Total 100.0 4.3

Source: Stanford Research Institute, Patterns of Energy
Consumption in the United States, prepared for
the Office of Science and Technology, Executive
Office of the President, 1972 (Modified for
inclusion here).

to the energy problem. However, as this study focuses
most specifically on the family and residential energy
consumption, Table 3 is an indication of direct residen-
tial energy consumption, both as a percent of total
national consumption and as a percent of total residen-
tial consumption, each given by end use.

Energy consumed directly by the residential sector
is very nearly one-fifth of the national energy budget.
Thus, it would appear important to study energy con-
sumption in relation to the family and its dwelling place
in order to shed light on the determinants of residential

energy consumption.
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TABLE 3.--Total Residential Energy Consumption in the
United States by End Use.

Residential Energy* Percent of Total
End Use National Residential

1968 1968
Space heating 11.0 57.0
Water heating 2.9 15.0
Cooking 1.1 6.0
Clothes drying 0.3 2.0
Refrigeration 1.1 6.0
Air conditioning 0.7 4.0
Other 2.1 10.0
Totals 19.2 100.0

Sources: 1) Stanford Research Institute, Patterns of
Energy Consumption in the United States, pre-
pared for the Office of Science and Technology,
Executive Office of the President, 1972. 2)
Agricultural Engineering Department, Michigan
State University, Energy in Michigan Agriculture,
March 1974, p. 7.

*This includes electrical energy as well.

The Study Problem, The Basic
Objectives and the Assumptions

One of the difficulties in seeking a clear under-
standing of and, therefore, resolutions to the energy
problem is the complexity of the problem itself. Strongly
suggested in this recognition is the need for an inte-
grated wholistic approach or conceptual framework which
allows both a broad overview and particularistic insights
into the pertinent factors contributing to the consump-

tion of scarce energy resources. This would, of course,
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be the case of all sectors of the economy; however, this
study is most concerned with residential energy consump-
tion, particularly in single family detached dwellings
and for these reasons:

1) Single family detached dwellings are the most
prevalent form of housing in this nation for families
at the present time. The 1970 census indicates that of
the 67 million, year-around housing units available in
standard metropolitan statistical areas, 69.4 percent
were single family dwellings, 62.9 percent of which were
owner-occupied (U.S. Bureau of the Census, 1970, pp.
846-~847).

2) Single family dwellings are also considered
the most energy consuming type of dwelling unit. A com-
parison of single family dwelling with multi-dwellings
indicates that the total cost of providing energy for
housing (natural gas and electricity) can be reduced as
much as 50 percent depending on dwelling type. Table 4
provides the evidence using single family dwellings as
the bench mark (100 percent) of the energy cost.

The problem of this research thus becomes an
attempt to identify the major determinants of mechanical
energy directly consumed in single family detached dwell-

ing units using an integrated, multi-dimensional systems
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framework (hereafter termed human ecosystems conceptual

framework or model).

TABLE 4.--Total Energy (gas and electricity) Costs and
Percentages by Housing Types (Based on power
consumption predictions).

Housing Type Cost ($) Percent (%)
Single-family conventional 484 100 (100.0)
Single-family cluster 483 100 (99.8)
Townhouse clustered 340 70 (70.2)
Walk-up apartment 278 57 (57.4)
High-rise apartment 248 50 (51.2)

Source: The Costs of Sprawl, Table 26, April 1974,
p. 60 (Modified for inclusion here).

The general objective of this study therefore is:

To test the viability of a hypothetical systems input/
output model of energy consumed directly in single family
detached dwellings, deduced from a human ecosystems
conceptual model.

The specific objectives of the study thus become:

1) To determine the total amount of direct
energy consumed in single family detached
dwellings (measured in British Thermal
Units--BTU's).

2) To determine the relative importance of
a selected set of socio-physical factors
on the total amount of direct energy con-
sumed in single family detached dwellings.

3) To determine the relationships between the
family's belief in the reality of the energy
problem and the energy consumed in the single
family detached dwelling.



15

Within these objectives then, certain basic
assumptions have been accepted as reasonable. These are:

Assumption l.--Survey research methods are appro-

priate to gain both subjective and objective measures
from families and utility companies.

Assumption 2.--Determinants of residential energy

consumption can be garnered from the combination of the
subjective measures (belief and perceptual data from fam-
ilies), and objective measures (energy consumption data
from utility companies and tax record data).

Assumption 3.--It is possible to convert multiple

measures of energy depending on type (fuel oil, natural
gas and electricity) to a standard measure, in this case
the British Thermal Units (BTU's) without loss in measure-
ment reliability.

Assumption 4.--Through the deductive method it is

possible to narrow from a broad human ecosystems frame-
work, the systems components which become the tested

hypothesized relationships.

Operational Definitions

Energy is a measure of the ability or power to do
work. In this study the only energy measured and used
empirically (as the major dependent variable) is the
mechanical energy produced through the consumption of
refined or transformed fossil fuels. This study concen-

trates on electricity, natural gas and fuel oil. Human
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physical energy is not measured or used in this research;
therefore any reference to energy (mechanical, residential,
direct, and such) can be assumed to mean refined or trans-
formed fossil fuels energy.

Direct residential energy.--is the energy measured

at the place of residence, i.e., the actual meter readings
in kilowatt hours of electricity, and cubic feet of natur-
al gas consumed, along with the gallons of fuel oil de-
livered to the dwelling unit. This mix depends on the
types of energy used within a particular residence. This
study does not measure or use energy consumed in the min-
ing, refining, production, transportation or transmission
of the energy source prior to their use in the place of
residence, i.e., no indirect energy consumed is measured
or used in this study.

Total direct residential energy consumption.--is

the summed amount of energy consumed, measured in British
Thermal Units (hereafter BTU's)® in the place of residence
depending on household mix. Each source of energy for

each residence in this study was identified (a mixture of
electricity and natural gas or electricity and fuel oil)
using data supplied by utility and oil companies. These
data were received from the companies in the standard units

of energy measurement, i.e., cubic feet of natural gas,

A British Thermal Unit (BTU) is the amount of
energy needed to increase the temperature of one pound
of water one farenheit degree.
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kilowatt hours of electricity, gallons of fuel oil. Each
was then summed for a twelve month period (June 1973

to May 1974) and then converted to BTU's. Once the con-
version to BTU's for each energy source was accomplished
they were simply added together, depending on household
mix, to gain the total amount of energy consumed per
residential unit. The measurements conversion included
in this study are as follows:

1 cubic foot of natural gas = 1,031 BTU's
1 kilowatt hour of electricity = 3,413 BTU's
1 gallon of fuel o0il = 130,000 BTU's

Single family detached residential dwelling or

unit.--is a housing unit which is physically separated
from other dwelling units, suitable as a living space
for one family. This type of dwelling unit usually has
space around all sides (yard space) and has no common
walls, facilities or utilities with other dwelling units.
It is a physical, self-contained, basically self suffi-
cient entity which may be owned or rented and may also
be located in urban or rural areas.

The family.--is used in this study as the human

unit of analysis and is defined as a household with two

or more related persons, one over 18 years of age. There-
fore, husband-wife; husband-wife-child(ren); single
parent-child (ren) and bi-sex committed groupings were
included. Single person households; two or more males; two

or more female households were excluded from the survey.
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For this study husband and wife scores on certain
items where aggregated within the family as the human
unit of analysis criteria. This was done only on the
two items in the study where both husbands and wives
gave responses: (1) the belief in the reality of the
energy problem item where recoding was done so that:

1) if husband and wife agreed "yes" in the
reality of the energy problem, their
combined score was 4.

2) if the husband and wife disagreed about
the reality of the energy proolem, their
score was 3.

3) if the husband and wife agreed "no" in
the reality of the energy problem, their
score was 2 (see 3.23.1, Appendix D,
pages 198 and 199).

and (2) perceived problem in the availability of energy
by fuel source (electricity, natural gas, and fuel oil)
where recoding was done so that:

l) if both husband and wife agreed there was
a problem in the availability of the fuel
source, they received a score of 2.

2) if both husband and wife disagreed about a
problem of the fuel source, their score
was 1.

3) if both the husband and wife agreed that
there was no problem about the availa-
bility of tne fuel source, their score
was 0 (see 3.23.2, Appendix D, p. 200
for details).

Belief in the reality of the energy problem.--

is the measure of awareness of the energy problem as it

existed during the winter of 1973-74. The measure of
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"belief" (for convenience) is a dependent variable in
the first multiple regression run in order to assess
the factors that contribute to its make up. It becomes

an independent variable in the second multiple regres-

sion run as a factor hypothesized to affect energy con-
sumption in single family detached dwellings. Husband
and wife scores are aggregated within the family as the
unit of analysis criterion.

What follows then is a development of the pro-
blem through a systems perspective, toward an analytical
model that will be specific to the relationships to be

hypothesized, tested, analyzed and discussed.



CHAPTER II

REVIEW OF ENERGY LITERATURE

Introduction

This chapter is basically a review of research
literature related to energy concerns, in particular
residential energy. The intent is to place this re-
search endeavor in perspective vis-a-vis other related
empirical works.

Often studies done gain insights from and are
therefore influenced by other similiar works. This
is not the case here. The major impetus for this study

is systems theory (to be developed in Chapter III),

which not only lends structure to the conceptual frame-
work for this problem, but also gives direction to the
analytic mode used.

The body of research to be reported here was
largely conducted within the same time frame as the
present study, thus making it unavailable as an influ-
ence in the development of conceptual structure, hypo-

theses generated or the research design of this study.

20
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The Related Literature

Research centered on the technological develop-
ment of energy (extraction and conversion methods) is
abundant compared with studies of energy efficiency,
consumption and conservation. A review of energy liter-

ature summarized in Energy: A Bibliography of Social

Science and Related Literature (D. Morrison, 1975b) re-

reveals that the major emphasis in both the empirical and
non-empirical work in the field can be categorized into
the following areas:

1) Development of energy supplies.

2) Energy demand studies.

3) Energy policy at the state, national
and international levels.

4) The economics of energy.

5) The nature of energy industries and
their regulations.

6) Impact of energy resource development
on geographic areas.

7) Impact of energy on the environment.

8) Energy conservation.

Out of the 2,142 item bibliography only 35 items dealt
directly or indirectly with energy in the built environ-
ment (commercial, industrial, transportation and
residential combined), and only 15 of these items were
specific to the residential sector, 10 of these items

were research reports. This would suggest that the area
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of residential energy is wide open as a field of inquiry.
It also highlights the fact that studies done are few and
very recent.

An historical overview of energy related litera-
ture would indicate four main stages of development:

1) The technological development stage
(empirical in nature), the Industrial
Revolution, circa 1800's to the present.

2) The energy and society stage (basically
non-empirical in nature), early 1950's
to the present.

3) The energy and environment stage (both
empirical and non-empirical), late 1960's
(Earth Day to the present).

4) The energy crisis stage (empirical),
starting immediately prior to the winter
of 1973-74.

Until the late 196Q's, early 1970's, very little
research on energy was done outside the realm of tech-
nological efforts. However, as early as the 1950's
various scholars were beginning to address themselves
to energy and society issues on a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>