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Abstract approved:

The investigation of energy considerations in the remodeling of
single family owner-occupied dwe]]ings was the central purpose of this
study. Variables studied included relationships between demographic
characteriétics and the inclusion of energy conservation techniques,
planning of the remodeling, and ranking of considerations in the
remodeling.

A sample of 225 owner-occupants who had purchased building
permits to spend $1,000.00 or more on remodeling between July 1, 1973
and June 30, 1977 was co]]ecfed from the files of the Building
Inspector's office, City of Corvallis, Oregon. A questionnaire
concerning the rémode]ing practices was mailed to the sample. One
hundred and eight usable questionnaires were returned and served as
the data base for the study.

The respondents' mean age was 42.6 years with a median education
level of 16 years. The mean size of the sample households was 3.5
persons. The mean of the total gross annual income was $25,850.

Over 40 percent of the respondents were in occupations classified as

professional. Among the respondents, 74.1 percent believed that an



energy crisis existed.

Sixty-nine percent of the houses in the study were Tess than 20
years old. The mean ége of the houses was 21.5 years with a median
age of 16.3 years. Sixty-five percent of the homes were purchased
since 1971. The major type of fuel utilized in the majority of .the
homes (62 percent) was natural gas.

Sixty-nine percent of the remodelings were planned by the
respondents and/or their partner. Of the 75 who did their own
planning for remodeling, 34 used builders as a source of information.
Other sources of information utilized by the respondents were
magazines, newspapers, and friends.

‘ Of the remodelings, 40 percent took place between July 1, 1976
and June 30, 1977. About two-thirds of the respondents spent less
than $10,000 for their remodeling project. The mean cost of the
remodelings was $7,670. The major consideration for remode]ihg was
to increase Tiving area in the homes. Over three-fourths of the
respondents added space to their dwelling. The area increases ranged
from 20 square feet to 1,800 square feet. Of the 108 respondents, 48
percent included energy saving features in their remodé]ing. Over 27
pércent did make some energy conserving alterations to heating
systems; however, 40 percent altered heating systems without energy
saving considerations. In comparing fuel unit consumption before

and after remodeling, 22.2 percent reported decreases in units
consumed; 27 percent indicated increased consumption and the remain-
der reported no thange or were not sure of a change in unit

consumption.



0f the 108 respondents, 46 percent indicated they considered
alternate energy sources in their remodeling. Of these, about 90
percent considéred wood,

The .05 level of significance was selected as the criterion
for identification of significant associations. The Chi-square
statistical test was used. The findings of the study are:

1. No association was -observed between the dates of remodeling
and the inclusion of energy saving features in the remodeling.

2. An association was suggested between the type of fuel used
in the homes and the inclusion of energy features in the remodeling.
Homes using wood as a major fuel most often included energy features.

3. An association was suggested between the inclusion of energy
saving features and the considerations of cost, custom decorating,
maintenance, and increased Tivability.

4. An association was suggested between the type of person
planning the remodeling and the inclusion of energy saving features.
Contractors were most likely to include energy features in the
remodeling.

5. An association was suggested between the age and education
of the respondents and the inclusion of energy features in remodelings.
Those under 35 years and over 65 years and/or with one to four years
of college most often included energy saving features in their

remodeling.
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ENERGY CONSIDERATIONS IN REMODELING OF OWNER
OCCUPIED SINGLE FAMILY DWELLINGS,
CORVALLIS, OREGON

I. INTRODUCTION

With less thankfive percent of the world population, the United
States consumed 30 percent of the world energy production in 1976
(United Nations, 1978). Using the same criteria for comparison,
Canada and France, each with .6 percent of the world population,
consumed three percent of the world energy, respectively. Sweden,
with .2 percent of the world population, consumed less than one
percent of the world energy. Asia, with over 57 percent of the world
population, consumed 14 percent of the wor]d'energy consumption
(United Nations, 1978).

Considering per capita energy consumption, the United States'
consumption is five times that of the world average per capita
consumption. In addition, all other countries fall below the United
States' per capita energy consumption. Canada has a per capita
consumption 20 percent less than that of the United States, Sweden
50 percent less, France 70 percent less, and Asian countries consume
80 percent less per capita than that of the United States (United
Nations, 1978).

In 1920, the per capita energy consumption in the United States
was 186 million British Thermal Units (BTU) (U.S. Debt. of Commerce,
1976). By 1973, this energy consumption had risen to 355 million -
British Thermal Units, almost double the United States' consumption

of 1920.
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A sTight decline took place yearly after 1973 until 1977 when
an increase occurred over the previous year with 351 million British
Thermal Units per capita consumed (U.S. Bureau of the Census, 1978).

Energy consuming technology has been exténded into every facet
of American life (Hirst and Moyers, 1974). Higher incomes have
allowed consumption of more goods and services in the category of
energy intensive production items (Doss, 1972). At the same time,
technology has created a multitude of products requiring high levels
of energy in production as well as operation. The number of appliances
and convenience items in today's homes supports this concept. An
underlying factor of increased consumption of energy has been the
availability of "cheap" energy for many years, resulting in techno-
Togy and consumption patterns which now need to be reassessed given
the realization that natural eneréy sources are finite and are being
rapidly depleted (Hirst and Moyers, 1974). |

Production and consumption patterns have shown a great deal
of change since 1940. In that year the combined energy production
of the United States exceeded consumption by eight percent, The
first year consumption rates exceeded the United States production
was 1955, (U.S. Dept. of Commerce, 1976), and by 1977 consumption
surpassed production by 21 percent (U.S. Bureau of the Census, 1978).

This réversa1 to an energy deficit is primarily attributed to
the increase in 01l and petroleum products consumed in the United
States. In 1940, there was status quo for production and consumption
of 0il, but in 1955 consumption first exceeded domestic production

(U.S. Dept. of Commerce, 1976). By 1977, consumption had risen to
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exceed production by 41 percent. Only 49 percent of the 0il consumed
by the United States was being produced at home in that year.
Contributing to that situation is the fact that the United States
experienced between 1940 and 1977 a per capita o0il consumption
increase of over 300 percent (U.S. Bureau of the Census, 1978).

With more dependence on imported sources of fuel, primarily
crude oil, the dependency on Arab nations for 0il imports increases.
In 1973, petroleum was used in the United States for 46 percent of
the total energy needs, and almost half of that petroleum was being
imported (Ruffin, 1974). From 1970 to 1973, the Arab imports increased
four times with 14.3 percent of all imported o0il coming from Saudi
Arabia. This trend has continued with imports increasing to 20.9 per-
cent from Saudi Arabia in 1977, or seven times that of 1970 import
amounts (U.S. Bureau of the Census, 1978; United Nations, 1978).

The energy crisis of 1973 made the American public aware of the
need for energy conservation. This crisis resulted from the Arab 01l
embargo which created short supplies of energy sources, and
eventually led to great increases in energy prices.

A growing concern for all consumers has been the increasing cost
of utility bills (Penno, 1977). Costs involved with construction of
new facilities to provide additional energy, as well as increases of
management costs due to inflation are factors in the higher base
rates to consumers (Penno, 1977).

These higher costs appear to be a continuing trend. Dgring the
years 1973 and 1977 the Consumer Price Index indicated an overall rise

for fuel and utility prices. The largest increase was seen between
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the years 1973 to 1974 when fuel and utility costs rose 17.5 percent
in the index (U.S. Dept. of Labor, 1975). The increase was 12.7 per-
cent between 1974 and 1975, nine percent between 1975 énd 1976, and
10.4 percent between 1976 and 1977 (U.S. Dept. of Labor, 1976; 1977;
1978). The overall increase in prices during the years 1973 to
1977 for fuel and utilities was 59 percent. To the consumer the
increase meant if their utility bill was $20.00 per month in 1973,
it would be $31.80 per month in 1977 for the same number of energy
units.

The increased costs of fuel and utilities can also be demon-
strated through comparison of the fuel and utility price index of the
all items category of the Consumer Price Index. This category
represents the average increase in prices for all goods and services.
Beginning in 1973 the fuel and utility index was five percent below
that of the all items category (U.S. Dept. of Labor, 1975). In 1974
and 1975 the difference rose above the all items category two percent
and four percent respectively (U.S. Dept. of Labor, 1976). In 1976
and 1977 the fuel and utility ihdex was above the all items category
by seven percent and ten percent respectively (U.S. Dept. of Labor,
1978).

Price incfeases by 1980 have been projected to be 30 percent for
natural gas, 72 percent for o0il, and 11 percent for electricity over
1975 prices for fuels supplied to the residential sector; Several
studies in the United States suggest that the prices of substitute
fuels must rise more rapidly than the price of electricity in order

to achieve an increase in electricity consumption (U.S. Dept. of the



Interior, 1975).

Energy use in the millions of homes of America is substantial.
Residences consume about one-fifth of the national total use of energy
from all sources and about one-third of all eiectricity generated
(Hirst and Moyers, 1974). The greatest energy use in the average
American home is for space heating, accounting for more than half of
the residential energy consumed and 11 percent of the total energy
used in the United States. Water heating is the second largest
energy use in the home followed by cooking and clothes drying. Space
heafing and‘cooling, water heating, refrigeration, and cookihg repre-
sent more than 85 percent of the residential energy use (Landsburg,
1974).

In the west, 70 percent of the housing units use utility gas,
but regardless of the source of energy delivered to the home, the
actual construction of the house is important in determining energy
consumptions (Hirst et al., 1978). The National Bureau of Standards
estimates that improvements in insulation and construction can reduce
the energy consumed in heating and air conditioning by 40 to 50 per-
cent from present norms (Hirst and Moyers, 1974). By 1990 the
nation's overall space heating and cooling requirements could be
reduced by 30 percent from the projected demand levels. Additional
energy savings in water heating, refrigeration, cooling and lighting
systems and in air-conditioning equipment are a]éo possible (Lincoln,
1974).

If 75 percent of all new construction used optimuh insulation,

if 25 percent of existing housing were upgraded with better insula-
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tion, and if 12 percent of older units had storm windows and doors
installed, the nation's energy costs would be reduced by approximately
nine percent in 1982 (Hirst and Moyers, 1974), The cummulative energy
savings that would occur because of these proérams amounts to the
equivalent of six years of present day residential energy use, By
the end of this century the economic benefits of the programs would
amount to a savings of $600.00 per household (Hirst et al., 1978).

With decreasing resources of natural energy supplies, energy
conservation in the residential sector is significant. Although
research has béen dedicated to determining what energy efficient
techniques may be used in residential dwellings, 1ittle attention
has been given to the actual behavior of homeowners toward energy
conservation options. Research is needed to determine what are home-
owners' attitudes and practices toward incorporating energy con-

serving features into dwelling alterations.

Statement of Problem

The main concerns of the study were to determine homeowners'
awareness of conservation techniques in remodeling of single family
dwellings, their attitudes toward an existence of an energy crisis

and their consideration and use of alternate energy sources,

Objectives of the Study

The objectives of this study were:
1. To learn if energy was a major consideration in remodeling of

-single family owner-occupied dwellings.
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To examine which variables influenced an energy consideration
decision in remodeling.

To examine energy conservation features used in the remodeling

of homes in this study.

Hypotheses

There is no association between the year of remodeling and the
inclusion of energy saving features.

There is no association between the major types of fuel used in

the home and the inclusion of energy saving features in remodeling,

There is no association between energy saving features and other
considerations in remodeling:

a. Addition of space

b. Cost

c. Custom Decorating

d. Increase Tivability

e. Increase market value

f. Maintenance

g. Modernizafion

There is no association between persons planning the remodeling
and the inclusion of energy saving features in remodeling.
There is no association between the inclusion of energy saving
features in femode]ing and demographic characteristics of the
respondents::

a. Age

b. Education



c. Occupation

kd. Income

Assumptions

Persons remodeling their home were thought to have considerable
control over energy conservation choices.

Questionnaires completed by one member of the family did not
differ from those completed by more than one member.

Respondents met the criteria specified.

The respondents provided the requested information as completely
and accurately as they were able to do.

There was no difference between those homeowners returning the

questionnaires and those not.
Limitations

The study was Timited to a sample of single family owner-
occupied dwellings in Corvallis, Oregon for which building per-
mits were issued for $1,000.00 or more to be spent on remodeling
between July 1, 1973 and June 30, 1977.

The conclusions of the study were limited to those homeowners who

returned completed questionnaires.

‘Definition of Terms

Alternative Energy Source is an energy source other than electri-

city, coal, liquid petroleum gas, or natural gas.

Energy Considerations are conscious choices of energy conserva-




tion techniques utilized in the home.

3. Energy Saving Features are tethno]ogies utilized in the dwelling

and result in energy conservation,
4. Remodel is altering or rearrangement of existing space, or the
construction of additional space to the house,

5. Types of Remodeling used in the study are categorized as follows:

a. Addition of Space is the enlargement of 1iving area by the
addition of a room, porch, enclosure of a éarport, addition
of a second story or completing an attic or garage.

b. Maintenance is an alteration to improve or maintain the
quality of the house (Morris and w1ntér, 1977).

c. Decorating/Modernization is an alteration of the interior

organization or design or updating of the living environment,

d. Energy Remodeling is an alteration or addition to decrease

energy consumption or increase energy efficiency in the home,

e. Exterior Remodeling is improvement or alteration made to areas

outside the 1iving area of the home.
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II. REVIEW OF LITERATURE

Introduction

Topics included in the T1iterature reviewed were: energy con-
sumption by the United States and by the residential sector, an
overview of remodeling activity in the United States between 1973
and 1976, and alterations and additions to single family dwellings

for energy efficiency.

United States Energy Consumption

In 1976, the United States with less than six percent of the
world population consumed 30 percent of the world energy production
(United Nations, 1978). vTota] energy consumption in the United
States has been steadily increasing. Since 1947, energy consumption
has increased each year over the previous year with the exception of
five years of lessened economic activity (Dupree and Corsentino,
1975). |

From 1947 until 1973 gross energy consumption rose 125 percent.
This represents a‘3.2 percent average annual rate of growth for the
1947 to 1973 pefiod. The Targest annual rate increase was between
1965 and 1970 when the éverage rate reached 4.8 percent,annua11y
(Dupree and Corsentino, 1975).

The United States energy consumption per capita‘has increased
at an average rate of 1.4 percent annually since the year 1900. From
1950 to 1969 the average annual per capita increase was 1.8 percent

per year.. Since 1970, the annual rate has increased to 2,6 percent
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annually per capita (United Nations, 1978). From 1970 to 1973, an
eight percent per capita increase took place in the United States
(U.S. Dept. of the Interior, 1975).

One further indicator of the trend toward increased energy
consumption is the energy consumed per doi]ar of the Gross National
Product (GNP) in which the measure is made using constant 1958 dollars.
The energy to Gross National Product ratio had a long term downward
trend from 1947 until 1966. This trend reversed in 1966'(85,700 BTU
to dollar of GNP) and steadily rose until 1970 k92,900 BTU to dollar
of GNP) to an increase of eight percent. Since 1974 this trend has
shown a decline with some stabilization due primarily to a recession
in the economy. This ratio is a rough measure of the "dollar"
efficiency of energy utilization in the economy (Dupree and Corsentino,
1975).

The energy mix used in the United States was altered substan-
tially between 1940 and 1977. 1In 1940, coal use furnished over
50 percent of the total energy consumed. By 1977, less than 20 per-
cent of the energy consumed came from coal (U.S. Bureau of the Census,
1978). Petroleum usage increased from 31 percent to approximately
50 percent of the total consumption, an increase of 55 percent for
that time span. Natural gas use more than doubled between 1940 and
1975 whi]e‘electricity use increased by 80 percent (Dupree and
Corsentino, 1975).

The production of all energy sources except natural gas is
projected to increase in the United States. By 1990 the greatest

increase in production will be in nuclear and coal resources.
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However, even with the increased production of petroleum in this
country, imports are projected to increase by 64 percent from the
1973 totals (13.5 quadrillion BTU) by 1990 (over 21 quadrillion BTU).
It is projected that by 1990 over 49 percent of the United States
energy consumption will come from petroleum sources compared to the

32 percent during 1973 (U.S. Dept. of the Interior, 1976).

Residential Energy Consumption

Energy use by the residential Sector is substantial in the
United States. In 1970, 17 percent of all United States energy
consumption was directly consumed by the residential sector (U.S.
Dept. of Housing and Urban Development, 1973). By 1974 the resi-
dential sector used one-fifth of the total United States energy
consumption (U.S. Dept. of Housing and Urban Development, 1975).

From 1950 to 1975 the overall annual growth rate for residential
energy use was 3.5 percent, nearly double the growth rate for house-
hold formation. This rate has shown a slight decline since 1972
(Hirst and Jackson, 1977).

The majority of the residential energy consumption is for space
and water heating. 1In 1976, space heating représented 69 percent of
the total energy consumed by all residences. Water heating accounted
for another 16 percent, cooking took five percent,‘refrigeration
three percent, and clothes drying and aif—conditioning two percent,
respectively. The remaining five percent was used for other purposes
such as lighting and small appliance operation (U.S. Dept. of the

Interior, 1976).
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In 1950, coal accounted for more than one-third of the household
fuel supp]y. However, by 1975 it furnished only two percént of the
total residential energy. Petroleum's share of the total 5159
declined from 26 percent to 18 percent while natural gas usé
increased from 22 percent to 34 percent in 1950, and to over 43 per-
cent by 1975 (Hirst and Jackson, 1977). Some of this increase can
be attributed to an increase in new housing units which utilize
only electricity. Ironically, a home heated by e1ectritity requires
about twice as much fuel per unit of heat production as a similar gas
or 0il heated home (Newman and Day, 1976). Electric resistance
heating increases annua] primary energy consumption by 31.4 percent
(U.S. Dept. of Housing and Urban Development, 1977).

In 1976, for all occupied housing units ih the United States,

56 percent used utility gas for space heating, 22.5 percent oil,

12.6 percent electricity, five percent liquid gas, less than one per-
cent coal, and one percent wood or other sources (U.S. Bureau of the
Census, 1977). For all occupied housing units (owned and rented) in
the West in 1976, 70 percent used utility gas as a source of heating
fuel, 17 percent electricity, six percent fuel oil, three percent
liquid petroleum gas, and less than one percent wood (U.S. Dept. of
Housing and Urban Development, 1978).

During 1976, in the West, 65 percent of all owner-occupied
housing units utilized warm-air furnaces for space heating while
26 percent utilized floor, wall or pipeless furnaces. Seven percent
used built-in electric units and only two percent used fireplaces,

stove or portable heaters as a major source of space heating (U.S.
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Bureau of the Census, 1977; U.S. Dept. of Housing and Urban
Development, 1978).

Prices for fuels were generally stable unti] 1970 when prices,
especially those for petroleum products, rose (Hirst and Jackson,
1977). Household expenditures on fuels (as a percent of total
personal consumption expenditures) remained constant until 1973.
However, between 1973 and 1974, an increase from three to four
percent resulted due to the sharp increase in fuel prices (Dupree and
Corsentino, 1975).

A study sponsored by the Ford Foundation reported that as
income increases, the increase in consumption of natural gas is
gradual, electricity intermediate, and gasoline sharp. The upper
income family uses about one and one-half times as much natural gas
as fami]jes in the lowest income quartile, two and one-quarter times
as much electricity, and five times as much gasoline (Hogan, 1978).
The more money a famﬁ]y has, the more energy they consume (Newman and
Day, 1976).

Parodoxically, the higher the fncome, the more 1ikely the house-
hold will possess equipment to save energy (Newman and Day, 1976).
While Tow income families live in smaller homes and are more likely
to Tive in apartments, their energy bills for heating are not propor- |
tionally Tless (Hogan, 1978). The homes of low income families are
often not weatherized. While 75 percent of a]T United States single
family homes have some insulation, only 40 percent of the houses of
the poor comparéd to 90 percent of the upper income have insulation

(Hogan, 1978).
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National Remodeling Activity 1973 to 1976

Total expenditures for maintenance and repairs, and construction
improvements for owner-occupied single family dwellings ranged from
11.3 billion dollars in 1973 to 18.9 billion dollars in 1976
(Rubinstein, 1977). Maintenance and repair expenditureskinc1uded
costs for the upkeep of the property while construction improvements
represented capital investiments and were categorized to include:

1) additions to a residential structure; 2) alterations within the
residential structure; 3) additions and alterations on property out-
side the residential structure; and 4) major replacements permanently
attached to the house (U.S. Bureau of the Census, 1976).

Expenditures for owner—oécupied single family dwellings ranged
from 11.3 billion dollars in 1973 to 18.9 billion dollars in 1976.
Table 2.1 summarizes‘the expenditures by the type of work performed.
Addition and alteration expenditures ranged from 5.7 billion dollars
in 1973 to over 10 billion dollars in 1976 (U.S. Dept. of Housing and
Urban Development, 1976). Additions, alterations, and major replace-
ments are categorized as part of improvements.

Table 2.1 Expenditures for maintenance and repairs and improvements

for owner-occupied single housing units
(in billions of dollars)

Year Total Maintenance & Improvements
Repairs

1973 11.3 3.6 7.7

1974 13.56 4.0 9.5

1975 15.6 4.5 11.1

1976 18.8 5.2 13.6

Source: U.S. Dept. of Housing and Urban Development, 1976, p. 709
U.S. Dept. of Housing and Urban Development, 1977, p. 735 .
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Expenditures for all owner-occupied households ranged from an
average of $340.00 in 1974 to $450.00 in 1976 (U.S. Dept. of Housing
and Urban Development, 1976). For maintenance and repairs in the
Western region of the United States, the range was from $312.00 in
1974 to $421.00 in 1976 (U.S. Dept. of Housing and Urban Development,
1977).

Owners of expensive homes tended to spend more for improvements
than those of modest homes. For families with homes valued at
$20,000 or more in the year 1972, expenditures averaged $397.00.
Expenditures on houses valued between $10,000 and $20,000 averaged
about $241.00 and on houses valued Tower than $10,000, $174.00
(Krassa, 1975). Table 2.2 reports expenditures by household incomes.
Table 2.2 Average expenditures by owner-occupants of single family

dwellings for maintenance and repairs, and improvements
(in dollars)

Incomes 1975 - 1976
U.S. West u.sS. West
Total 382 463 450 421
Under 5,000 163 182 203 163
5,000 - 9,999 266 241 298 312
Over 10,000 1688 2141 1850 1454
Not Reported 316 153 361 513

Source: U.S. Dept. of Housing and Urban Development, 1977,

Information on repairs and improvements that may be directly
related to rising fuel costs is not available. If the installation
of some of these items occurs incidental to other work, the expendi-

ture is Tisted under the category for the most extensive work
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(Krassa, 1975).

Total heating and central air-conditioning work amounted to 2.1
billion dollars in 1976, an increase of 26 percent over 1975 expendi-
- tures. Owner-occupied single housing units account for 43 percent of
the 1976 expenditures. This type of work basically includes mainten-
ance of tHe systems. Expenditures for major replacements for heating
and central air-conditioning totaled 1.7 billion dollars in 1976,

43 percent more than in 1974 (Rubinstein, 1977).

Work categorized as remodeling by the United States Bureau of
the Census amounted to 3.7 billion do]]ars.from 1971 through 1973.
For 1974 to 1976 years, the total was 4.6 billion dollars (Rubinstein,
1977). Remodeling expénditures in 1976 were over 300 percent greater
than during 1967. Expenditures for remodeling by owner-occupants
of single unit dwellings ranged from nine billion dollars in 1973 to
11.6 billion dollars in 1976 (Rubinstein, 1977). This category
includes rearrangement of interior space and construction of new
facilities such as baths and kitchens. Also included are items such
as painting, roofing, and plumbing. Ofvthe categories discussed
earlier, remodeling is a part of the construction or the addition
and alterations category.

Construction expenditures for residential additions amounted to
3.5 billion dollars in 1976, 77 percent greater than in 1975
(Rubinstein, 1977). About 84 percent of these additions were made
by owner-occupants of single unit dwellings.

Expenditures for all categories of additions and alterations

increased. Rising costs.of materials and labor contributed to this
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trend. More improvements result from increases in new housing costs
and reduced building during 1974 and 1975 (Rubinstein, 1977),

Many families do not pay cash for home improvements but obtain
loans (Krassa, 1975). In 1976, the median 1o§n for all improvements
to single family housing was $2,739 with a mean Toan of $3,125. Over
87 percent of the loans were for amounts over $1,000. For heating
system improvements to all types of dwe]]ings,’thebmean Toan was
$1,081. A Toan of $806 was the mean reported for insulation.
Additions and alterations accounted for 25.3 percent of all Toans made
for improvements. Of the loans made for additions and alterations,
9.4 percent were for heating system improvements and 3.7 percent for

insulation (U.S. Bureau of the Census, 1976).

Additions and Alterations for Energy Efficiency

With increased technologies, there are more means by which
energy can be conserved in residential dwellings. Many of these
techniques may be adapted to existing housing to increase the effi-

ciency of energy utilization and conserve resources.

Insulation

Because space heatingvaccounts for over 65 percent of the energy
utilized in the residential sector, insulation could have an impact
on conservation. Approximately 25.5 million existing housing units
could be improved with additional insulation (Penoyar and Williams,
1977). A 12 percent increase in insulation in wall areas could equal

a five percent decrease in annual energy consumption by the household
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(U.S. Dept. of Housing and Urban Development, 1977). The greatest
potential for energy savings through insulation is found in the
upgrading of extant housing (Fitch, 1974). |

Results from one study indicate that the heating load of the
average single family dwelling with two and one-half inches of
ceiling insulation can be reduced up to 35 percent by: 1) the
addition of insulation to equal ten to twelve inches; and 2) the
installment of storm windows and doors (Magnas et al., 1976).

The economics of adding ceiling insulation is dependent upon
the current Tevel of insulation and the expected Tife of the dwelling.
In a house with no ceiling insulation at present, eight inches of
insulation will pay for itself in less than two years. However, if
a house already has two inches of insulation the addition will be
paid back more slowly. The pay back period is also related to the
type of heating system used in the house and the rate of fuel price
increases (Fitch, 1974).

A Stanford Research Institute report prepared for Pacific Power
and Light Company concluded that all 1nsu1ations»were economically
Justified over a 30 year life of a dwelling. Optimum insulation pays
for itself in three to six years depending on the geographic Toca-
tion. The total calculated savings per dwelling on a 30 year life
ranged from $1,500 to $9,000 according to the same study (Pacific
Power and Light, 1974).

In 1976, for all occupied single family housing units in the West,
70 percent of the residents reported attic or roof insulation in some

amount, 18 percent none, and the remainder were not sure or did not
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report (U.S. Dept.Aof Housing and Urban Development, 1977).
Estimates indicate that eight to nine million units have already been
voluntarily improved since the 1973 0il embargo. Most of these
improvements involved cei]ing’but not wall installations due to the
relative ease and Tow costs involved in insulating ceiling areas
(Penoyar and Williams, 1977).

Because space heating accounts for an estimated 77 percent of
residential energy consumption in the Northwest, the choice of
heating and insulation systems has a potential impact on overall
energy use (Fitch, 1974). Space heating accounts for over 13 percent
of the total energy used in Oregon. Combined savings from improve-
ments of insulation could reduce energy consumption in Oregon by
1.3 percent by 1980 (Fitch, 1974).

The current stock of single unit dwellings in the Oregon
Willamette Valley, estimated in 1973 to be 393,400, far exceeds the
number of new units being built each year. If 50 percent of these
established units were upgraded with insulation, the potential savings
would be 3.2 to 6.7 percent reduction in total space heating require-
ments for Oregon. This potential savings per year in total residen-
tial space heating could reach over nine percent by 1980 (Fitch,
1974).

A study conducted in 1973 in the Oregon Willamette Valley
regarding insulation feasibility of housing had the following con-
clusions:

1) There is economic justification for installing three

and one-half inches of insulation batts in walls and eight
inches in the ceiling spaces of wood-frame houses.
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2) A1l units built over vented crawl spaces should have
under-floor insulation.:

3) In the immediate future, greater energy savings could
be derived from upgrading insulation in existing housing
than from raising standards in new construction.

4) Combined savings from improved insulation in both new
and existing housing could total to as much as 7.3 percent
of the energy used for space heating in 1975 and 9.4 percent
by the year 1980 (Fitch, 1974, 35).

Storm Windows and Doors

If a house is well insulated the heat loss through glass surfaces
will be about 30 percent of the total heat loss for the dwelling
(Cobb, 1976). Like insulation, the potential for energy savings as a
result of the addition of storm windows and/or doors is substantial.

With the addition of storm windows and doors, as much as 15 to
30 percent of heating costs may be saved (How to Cut, 1973). After
completion of a study in 1973 in the Willamette Valley of Oregon,
Fitch (1974) concluded that it was economically feasible for electri-
cally heated homes to be fitted with insu]ated (double pane) glass
windows. The degree of savings is associated with the type of heating
system and climatic conditions.

Quality storm windows will generally pay for themselves in less
than ten years and provide for 13 percent savings in energy use each
year after (Storm Windows, 1974; Cobb, 1976). With proper install-
ation, plastic, double pane glass, or triple track storm windows have
the same effectiveness (U.S. Dept. of Housing and Urbén Development,
1975).

In 1976, about one-third of all single family dwellings were
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equipped with storm doors and windows (U.S. Dept. of Housing and
Urban Development, 1977). 1In 1976, 12.6 percent of all occupied
housing units in the West had all windows fitted with storm windows;
however, 79 percent had no storm windows at all. Slightly over ten
percent had all doors fitted with storm doors (U.S. Bureau of the
Census, 1977).

The total in-structure heating energy savings from all storm door
and window applications in use are five percent of the annual heating
and cooling energy used in the residential sector. ‘Increasing storm
window and door installations could save an additional one to two
percent. Since 30 to 60 percent of all single family houses, even in
colder regions, do not have storm windows and doors, the potential
for energy conservation is considerable (U.S. Dept. of Housing and

Urban Development, 1975).

Heating Systems

In the residential sector, space heating is the largest consumer
of energy. Because spaée heating accounts for an,éstimated 77 percent
of residential energy consumption in the Northwest, the choice of
heating systems has a potentia]limpact on overall energy use (Fitch,
1974).

The choice of a‘heating system and fuel will have an impact on
where future energy must come from, whether it is from electricity for
which the Northwest must create additional generating capacity or
from 0i1 and natural gas which must be imported into the region. The

most common type of heating fuel in all occupied units in the West is
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utility gas. The second most common source of energy -is electricity.
In comparing the number of units using electricity in 1970 and 1976,
an increase change of 42 percent took place with 17 percent of all
housing units using electricity as a source of heating fuel. Other
fuels used in 1976 included fuel 0i1, bottled gas, coal, and others
(U.S. Dept. of Housing and Urban Development, 1977).

Electric resistance heating is less efficient than gas or oil
as a fuel in the home (U.S. Dept. of Housing and Urban Development,
1977). Electric resistance heating in a home requires approximately
twice as much fuel per unit of heat as a similar gas or 0il heated
house (Newman and Day, 1976). There has been an increase in housing
units constructed with electric resistance heating. Electric heating
systems may be supplied with a device known as a heat pump. Heat pumps
result in a system twice as efficient as resistance heating for the
home (U.S. Dept. of Housing and Urban Development, 1977).

0i1 and gas furnaces have comparable efficiency. New systems
deliver about 60 percent of the energy in the fuel to the living areas
of the house. Much of the fuel goes up the chimney as waste heat
(U.S. Dept. of Housing and Urban Development, 1977). In the char-
acteristic house, 12 percent of the waste heat from the flue gas
could be recovered and retufned to space heating through an air supply
in the furnace return duct, thereby resulting in a savings of ten per-
cent annually (U.S. Dept. of Housing and Urban Development, 1973).
Another approach to minimize furnace energy use would be the use of a
damper system td close the flue during the off cycle periods of the

furnace. One manufacturer suggests a savings of 20 to 30 percent or
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an annuaT savings of five percent of fuel through the use of the
damper system (U.S. Dept. of Housing and Urban Development, 1973).

Several concepts may be used for energy efficiency in gas
furnaces: heat exchangers which extract flue energy from the flue
-and deposit it in the return air ducts; new high efficiency furnaces
Tocated outside the dwelling; and, automatic flue shut-off devices
which close the flue when the furnace is not operating, Such inno-
vations could save about 8,4 percent of the annual energy consumed in
the characteristic house (U.S. Dept. of Housing and Urban Déve]opment,
1977).

According to one study, the average fireplace has a heating
efficiency of only ten percent. This means almost ten times more heat
goes for waste heat than into the home for space heating. If the
masonry fireplace is poorly constructed the fireplace can have a
negative efficiency by pulling the heat out through convection
currents (0ddo, 1975).

Masonry fireplaces are generally expensive and inefficient. For
slightly more cost, the fireplace may be constructed around a prefab-
ricated steel firebox. The metal back and sides generate more heat
than the masonry surfaces (0ddo, 1975). Air drawn into the Qnit is
warmed by contact with the back and therhot metal box and then
convected upward into the room (Make Your Fireplace, 1975). Free
standing metal fireplace stoves heat by both radiation from the fire
and some contact heating of the air by the metal exposed. There is
also the advantage of heating from all sides (Oddo, 1975).

For an existing masonry fireplace there are several options for
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improvement of heating., A small forced-air'unit may be installed into
the existing fireplace. There are several designs but the basic
operation is drawing the cool air into one end of the network, cir-
culating the air through the fireplace, and biowing the warm air out
the other end (David, 1975). Although manufacturers claim these units
can be responsible for heating an entire house, there is no research
to support such a claim (Leckey, 1974).

Twenty year Tife cycle cost analyses show that for water and
space heating a solar collector system competes favorably with con-
ventional electrical heating systems, bﬁt not with conventional gas
or 0il heating systems except in regions of the country where there
are extreme fossil fuel prices. The current high initial costs along
with the public's unfamiliarity with solar collector performance oVer
a period of years present major obstacles to wide spread adoption of
solar heating systems (Magnas et al., 1976).

Retrofitting a solar space heating system is difficult because
the design options are much fewer. Not all existing houses are
adaptable for solar space heating. Some problems are high heat losses,
wrong orientatiohs, winter shading, or lack of space for the solar
components (Sunset, 1978; Dubin, 1975).

A house must meet several criteria for retrofit, It must‘have an
area suitable for the heat collection. The area must be large enough
to gather adequate heat needed for space heating, and the area should
have a southern orientation (Sunset, 1978).

In the case of a pdssive heating system, the collection area

must be an actual part of the house structure. The significant costs
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and difficulties of structural changes necessary to add most passive
systems makes retrofits of this type unlikely.

Active systems have more flexibility than passive systems in
retrofitting plans. The collectors may be 1n§ta11ed on a roof, a
vertical wall, or fence. A collector area may be divided between
several locations. With active systems, space needs to be available
for the distribution system and the storage of energy (Dubin, 1975;
Sunset, 1978).

The heat distributjon for an active liquid system is relatively
easy to retrofit for a house since the pipes and pumps involved
occupy Tittle room. The air ducts and fans needed for an active air
system demand more space considerations (Sunset, 1978). With regard
to the storage necessary, neither the Tiquid or air systems require
considerab]e space for storage. The space for an active air system
demands three times the volume of the space requirements of a Tiquid
system, the air system usually utilizing rock storage and the Tiquid

system a water mixture (Dubin, 1975; Sunset, 1978).

Water Heating Systems

After space heating, water heating is the largest and least
apparent use of energy in the home (Mutch, 1974). Water heating
ranks second to space heating systems for residential energy use.

It has been estimated that residential water heaters currently demand
one-third of the total energy used for all appliances and over three
percent of the Unitéd States energy consumption (Wilson, 1978).

The increasing energy use for water heating is explained by an
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increase of units and consumption per unit. For example, the average
energy consumption of a standard electric water heater increased
15 percent between 1950 and 1969 (Mutch, 1974).

Standby losses amount to approximately 17 percent of the input
for electric and 27 percent for gas-fired water heaters. The overall
standby Toss is due to: 1) Toss thrbugh insulation; 2) Teaks through
fittings; 3) stack Tosses of the main burner when the heater is used
to reheat water after a cooling period; and 4) heat loss from the
exposed metal flue during standby (Wilson, 1978).

Since late 1974, manufacturers have recognized energy saving
options and their potential as a new sales tool. Changes which result
in energy savings have been made to many of the existing models. Among

~the features included for energy reduction are: 1) greater insulation
thickness and Tower conductivity; 2) reduction of conduction leaks; |
3) reduction in thermostat settings; 4) increases in flue baffling;

5) reduction in pilot rates; and 6) reduction in main burner input.
The energy savings possible with these changes or any combination of
them is up to 20 percent for gas-fired heating units (Wilson, 1978).

In the Pacific Northwest 69 percent of water heaters use natural
gas, 26 percent electricity, three percent liquid petroleum and the
remainder other types of fuel. This distribution is typical for
other regions of the United States (Mutch, 1974).

Supplementing conventional energy input to water heaters with
solar heat is another means of energy conservation. A solar water
heater will consist of a solar collector, a heat storage tank, and the

necessary auxiliary equipment and controls to couple these elements
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into an opérating system. The solar design enables water to be pre-
heated before entering a conventional water heater which brings the
water to a final desired temperature (Wi]son,l1978),

Solar water heaters have been extensively used in Australia,
Japan, and Israel for up to several decades (Mutch, 1974; Wilson,
1978). A soTar water heating industry was established in Florida
during the 1930 to 1940 period, but vanished in the proliferation of
Tow cost natural gas (Wilson, 1978).

Economically feasible solar water heaters for the near future
could be designed for supply of 40 to 70 percent of the entire water
heating load. Larger systems approaching 100 percent solar heating
will be less economically possible since the collector and storage
capacities would be poorly utilized throughout most of the year

(Wilson, 1978).

Appliances

After space heating and water heating, major appliances are the
third Targest consumers of energy in the average household (Citizens
Action Guide, 1973). Refrigeration, clothes drying and cooking use
the most amounts of energy of the major appliances.

In 1976, for all occupied housing units in the West, electricity
was the most common source of energy for cooking purposes and was
utilized in 53 percent of the housing units. Utility gas, found in
43 percent of the housing units, was the second most used energy
source, and bottled gas was used by three percent of the homes for

cooking fuel. The remainder of the households (one percent) used
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Qood or other sources (U.S. Dept. of Housing and Urban Development,
1977). With respect to energy use of different types of cooking
models, self-cleaning ovens were found to use approximate]y 21 percent
more energy than conventional cooking equipment (Citizens Action Guide,
1973).

Energy consumption for refrigeration is a result of electricity
being used to operate the compressor which drives the refrigeration
cycle and also powers the heaters and fans. Refrigerator énergy use
depends primarily on the design of the unit, size, door configuration,
and defrost options (Hoskins et al., 1978). Frost free refrigerators
consume 50 percent more energy than a non-frost free model. The side
by side refrigerator/freezer models consume up to 45 percent more
energy than conventional models (Citizens Action Guide, 1973).

Ehergy use of refrigeration units is also influenced by
operational characteristics such as room temperature, food load, and

the number of door openings (Hoskins et al., 1978).
Lighting

Approximate1y 25 percent of all electricity sold is consumed for
providing Tighting indoors and outdoors throughout the United States
(Lighting; Energy Waster, 1974; Hayes, 1976). Lighting accounts for
about three and one-half pefcent of a residential dwelling's total
energy bill and from eight to 16 percent of the total electric bill
in homes heated by other than electricity as a fuel source (Brown,
1978).

The efficiency of lamps in converting electrical energy into
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illumination vary over an extremely wide range from less than ten
Tumens per watt to over one hundred (Adams, 1975). Incandescent
lighting is inefficient; only about 15 percent of the energy input
becomes visible light with the remainder generating heat. Fluorescent
tubes use electrical energy more efficiently than incandescent bulbs
(Brown, 1978). A forty watt fluorescent lamp has approximately four

times the efficiency of a one hundred watt incandescent lamp (Adams,

1975).
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IIT. METHODOLOGY

Introduction

This chapter includes the selection of the sample, the develop-

ment of the instrument, and the collection and analysis of the data.

Selection of the Sample

The purpose of this study was to gain knowledge about the home-
owners' awareness of energy saving features in the remodeling of their
present‘dwe111ngs. Persons who remodeled their homes were thought to
have considerable control over energy conservation choices.

Persons planning to make alterations and/or additions to their
present dwellings are reqUired to purchase building permits. These
permits are on file in the Corvallis City Hall and are part of public
records. The Corvallis, Oregon building permits were used as the
source of reference for single family dwellings remodeled between
July 1, 1973 and June 30, 1977.

1. The address and the name of each person purchasing a building
permit for a remodeling job of $1,000 or more on a fesidentia]
dwelling were obtained by the researcher from the Building Inspector's
Office, Department of Public Works, City of Corvallis.

2. The file for each of the addresses was reviewed to verify
the owner of the dwelling at the time the building permit was issued.
This process was necessary since many permits are issued under the
name of the person responsible for the remodeling work.

3. Polk's Corvallis (Benton County, Oregon) City Directory (1978)
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was used to determine if the address was:

a. a rental

b. owner occupied, and

c. the owner was the same person determined to be the owner
occupant at the time the building permit was issued.

4. The names and'addressesvof the homeowners were verified by
checking the 1978/1979 Corvallis telephone directory. This reference
was used to verify spelling and correctness of names and addresses.
The persons not Tisted in the telephone directory were not eliminated
from the sample. For the study, 225 names met the criteria,

5. Upon completion of these steps, a list of single family

dwellings, owned and occupied by the same person(s) from the time a

building permit was purchased to the time of this study compiled.

Development of the Instrument

A questionnaire was developed to collect demographic and remodel-
ing data.

1. The proposed research study, including the questionnaire,
was presented to‘the.graduate students and faculty of the Family
Resource Management Department., Their suggestions were used to make
revisions.

2. A list of the first ten residential addresses with permits
issued for $1,000 or more value after July 1, 1977 was collected for
the trial test sample. The addresses were processed as above with
seven households Meeting the criteria.

3. The revised questionnaire, cover letter, and self-addressed
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stamped envelope were mailed to seven respondents for a trial test of
the instrument.

4. Five out of seven questionnaires were returned with sugges-
tions for the researcher.

5. These suggestions were used to make final revisions of the

questionnaire.

Collection of the Data

1. The 225 questionnaires with cover letter (Appendix) were
mailed to the sample on February 22, 1978. A self-addressed stamped
post card was included for the respondent to mail at the time the
questionnaire was returned in order to ascertain which questionnaires
had not been returned.

The respondents were asked to return the questionnaires and post
cards by March 8, 1978.

2. Of the 113 questionnaires returned 108 (96 percent) were

usable.

Analysis of the Data

The responses of the questionnaires were coded, tabulated, and
summarized by the researcher. A computer program using the
Statistical Package for the Social Sciences (Nie, 1975) was used for
the statistical analysis; number and percentage distributions, means,
ranges, and medians. The Chi-square test was used to test the hypo-
theses (Downey, 1975). The .05 level of confidence was selected as

the criterion for determining an association between variables.
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IV. FINDINGS

This study sought to identify energy considerations made in the
remodeling of single family owner-occupied dwellings. The data
summarized from the 108 questionnaires are reported in this chapter.
This chapter includes the topics: 1) description of the sample;

2) characteristics of the dwellings remodeled; 3) plans for the
remodeling; 4) characteristics of the remodeling; 5) energy factors
considered in remodeling; and 6) other related energy concerns in the

remodeling.

Description of the Sample

Data for the study were collected through questionnaires mailed
to 225 homeowners who had obtainéd a building permit to perform a
minimum of $1,000 remodeling work to their homes. Completed
questionnaires from the 108 respondents served as the basis for this

research study.

Age of the Respondents and Partners

The respondents in the study ranged in age from 21 years to 70
years. The mean age was 42.6 years and the median age was 35 years.
The partners' ages ranged from 23_years to 68 years with a mean age
of 41.5 years and a median of 39 years. Table 4.1 summarizes the
reported ages of the respondents and their partners. Three-fifths of
the respondents "and two-thirds of their partners were in the 26 to

45 year age group.
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Table 4.1 Age characteristics of respondents and their partners

Age Respondents Partners

N % N %
25 or under 4 3.7 4 4.3
26 - 35 ' 28 26.0 24 25.8
36 - 45 37 34.3 38 40.9
46 - 55 24 22.2 16 17.2
56 - 65 13 12.0 -5
over 65 2 1.8 2.2
no response 0 0.0 1 1.1
Total 108 100.0 0

93 100.

Size of Households

The size of households reported in the study ranged from one to
12 persons. The mean sizevof households was 3.5 people. The
distribution of household size is summarized in Table 4.2. About 80

percent of the households had four or less members.

Table 4.2 Size of household of the respondents

Number of Persons - N %
1 -2 30 28.0
3 -4 55 51.0
5 -6 20 18.5
7 and over . 3 2.5

Total 108 100.0
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Occupations of Respondents and Their Partners

HolTingshead's occupational classifications were utilized as a
guide for developing occupation categories for this study (Hollingshead,
1957). Table 4.3 summarizes the occupations reported for the respon-
dents and their partners. Of those reporting, 87.5 percent of the
respondents and 72 percent of their partners were employed. Slightly
over one-fifth of the partners were full-time homemakers.

Table 4.3 Types of occupations reported for the respondents and
‘ their partners

Occupational Category Respondents Partners
N % N %

Executive/Major Professional 7 6.5 0 0.0
Business Managers/ 39 36.0 21 22.5
Professional ,
Administrative Personnel & 15 14.0 4 4.3
Small Business Owners
Clerical & Technical 14 13.0 20 - 21.5
Skilled Manual 7 6.5 .3
Semi Skilled 2 2.0 3.2
Unskilled 0 0.0 3.2
Retired 6 5.5 1 1.0
Homemaker, full-time 6 5.5 20 21.5
No Response 12 11.0 17 18.5
Total 108 100.0 93 100.0
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Education Level of the Respondents and Their Partners

A summary of the education levels attained by the respondents
and their partners is shown in Table 4.4. The education levels of
the respondents and their partners ranged from less than eight years
to 19 years, or the completion of a doctoral degree. The mean
education for the respondents and their partners was 16 yearé, or
completion of a bachelor's degree. |

In 1976, the mean for the education Tevel was 12.7 years for all
heads of owner-occupied housing units (United States Dept. of
Labor, 1977). About two-thirds of the respondents and slightly
over half of the partners held a bachelor or higher degree. Almost
22 percent of>the respondents and 10.8 percent of the partners held

doctoral degrees.

Table 4.4 Education level reported for the respondents and their

partners
Education Completed ‘Respondents Partners
N % N %

1 - 8 years 2 1.9 1 1.1
9 - 12 years 11 10.2 17 18.3
Vocational Training 5 4.6 4 4.3
1 - 4 years college 18 16.7 17 18.3
(no degree)

Bachelor's Degree 25 23.1 29 31.2
Master's Degree 23 21.3 8.5
Doctoral Degree ' 23 21.3 10 10.8
Other 1 .9 1.1
No Response _ 0 0.0 6 6.4
Total 108 100.0 93 100.0
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Income of Households

Respondents were asked to report total gross annual household
income. Those incomes reported by the respondents ranged from under
$8,000 to over $50,000 per year. The mean income for the sample was
$25,850 per year with a median of $27,500 per year, About half
of the households reported incomes over $25,000 per year (Table 4.5).
The median income in 1976 for all families in owner-occupied housing
in the West was $16,200 (U.S. Bureau of the Census, 1977). The high
income Tevels for this study may be due to the criteria of the study

for major remodeling. This would lend itself to higher income home-

owners.

Table 4.5 Total gross annual household incomes reported by respondents

Income Categories N ‘ %

Under $8,000 3 : 2.8
$8,000 - $11,000 11 10.0
$12,000 - $14,999 5 4.7
$15,000 - $19,999 14 13.0
$20,000 - $24,999 18 16.7
$25,000 - $29,999 16 14.8
$30,000 - $34,999 20 ' 18.5
$35,000 - $39,999 4 3.7
$40,000 - $44,999 5 4.7
$45,000 - $49,999 4 3.7
Over $50,000 4 3.7
No Response 4 3.7
Total 108 ‘ 100.0
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Attitudes Toward an Energy Crisis

Among the respondents, 72.7 percent believed an energy crisis
existed. Eleven percent reported that they did not believe an energy
crisis existed, and 12 percent indicated they did not know if an
energy crisis existed. Table 4.6 summarizes the respondents' education
levels by their belief in an energy crisis. Of the 106 reporting with
at least a bachelors' degree, 86 percent felt there was an energy crisis.

Table 4.6 Respondents' education levels by their attitude toward
an energy crisis _

Belief that Energy Crisis Exists

Education
N % Yes % No % Not Sure Total
Under 8 years 2 50.0 50.0 0.0 100
"9 - 12 years 11 36.4 25.0 34.6 100
Vocational 5 40.0 20.0 40.0 100
1 - 4 years 18 61.1 16.7 22.2 100
College (no degree)
Bachelors' 24 92.0 8.0 0.0 100
Masters' 23 73.9 17.3 8.7 100
Doctoral 23 91.3 0.0 8.6 100
Total 106 72.7 15.4 1.6 100

A summary of 94 respondents reporting gross anpual household income
by their belief in an energy crisis is found in Table 4.7. Of the
respondents with incomes over $12,000, 82 percent believed that an
energy crisis existed. Findings would suggest that respondents'
belief in an energy crisis was strongly associated with their income
and education levels.

A Michigan State study reported that 50 percent of the public
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did not believe there was an immediate energy crisis. However,
beTief in the energy problem was strongly related to measures of
family socioeconomic status and the income and education attainment
(Morrison and Gladhart, 1976).

Morrison and Gladhart (1976) showed that famiiy income was the
single best indirect predictor of residential energy consumption with
higher incomes using more energy than lower incomes. Newman and Day
(1976) reported that the higher the income, the more energy the house-
hold consumes.

Table 4.7 Annual gross household income by respondents' attitude
toward an energy crisis

Belief that Energy Crisis Exists

Income
N % Yes % No % Not Sure Total
Under $12,000 14 57.1 14.2 28.4 100
$12 - $19,999 14 78.5 14.2 7.0 100
$20 - $29,999 34 64.7 1.7 8.8 100
$30 - $39,999 22 82.0 4.0 13.6 100
$40 - $49,999 8 87.5 0.0 12.5 100
Over $50,000 2 100.0 0.0 0.0 _100
2 9.5 12.7 100

Total 94 70.

Characteristics of the Dwellings

Age of the Houses in the Study

The ages of the houses remodeled in the study are given in Table
4.8. Sixty-nine percent of the dwellings were less than 20 years old,

or built after 1958. The houses rénged in age from one to 78 years.
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The mean age of the houses was 21.5 years and the median age was 16.3

years.

Table 4.8 Age characteristics of the houses remodeled by 108

respondents
Age in Years N Responses %
Under 5 4 3.5
5-14 39 37.0
15 - 24 32 29.0
25 - 34 16 15.0
Over 35 17 15.5
Total 108 100.0

Length of Ownership of the Dwellings

Table 4.9 indicates the length in years of ownership of the
dwellings in the study. Only four percent of the houses were owned
by the respondents for more than 18 years, while 55 percent had been
owners less than seven years. The years of ownership by the respon-
dents ranged from two to 35 years. The mean year of purchase for the

dwellings was 1968 with the mean length of ownership at ten years.
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Table 4.9 Length of ownership for houses in the study

Length of Ownership Responses

In Years N %

Under 3 14 13.0
3-7 | 45 42.0
8 - 12 , 27 25.0
13 - 18 17 16.0
Over 18 ‘ _ 5 4.0
Total | 108 100.0

Major Fuels Utilized in the Remodeled Dwellings

Four fuels were identified as being utilized in the dwellings
remodeled: electricity; natural gas; oil; and wood. Table 4.10
summarizes the information on fuel use for the sample. Natural gas
was used as a major fuel by 57.4 percent of the households. Compared
to statistics for fuel usage in the homes of the Western United States,
the responses are representative. However, the number indicating
wood as a fuel source was five times the percentage for the Western
United States (U.S. Dept. of Commerce, 1976; Penoyar and Williams,
1977).
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Table 4.10 Major type of fuel used in houses remodeled by 108

respondents
Responses
Fuel N 9
Electricity 28 25.9
Natural gas 62 57.4
0il ' ‘ N 10.2
Wood 7 6.5
Total 108 ' 100.0

Person Responsible for Planning the Remodeling

Table 4.71 categorizes the persons responsible for the major
portion of the remode1ing plans. A majority (69.5 percent) of the
remodelings were planned by the respondent and/or their partner. The
next most common planners were architects and contractors with

10.2 percent and 8.3 percent respectively.

Table 4.11 Person planning the remodeling for 108 respondents

PTlanner Responsés
N %
Architect 11 10.2
Builder 5 4.6
Contractor 9 8.3
Professional Remodeler 7 6.5
Respondent or Partner 75 69.5
No Response ' 1 ' _ 0.9

Total 108 100.0
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Sources Used in Planning the Remodeling

The 75 respondents who indicated they or their partners made
their own remodeling plans 1isted the sources of information used.
Table 4.72 summarizes the sources used and gives the frequency of
use. The number of sources used for any one remodeling ranged from
one to six. Builders were most frequent]y listed as a source of
information in planning the remodeling. Magazine and newspaper
articles were the next most frequent source identified.

Table 4.12 Sources of information used by 75 respondents who planned
their own remodeling

Type of Source of Information . Responses .

Advertisements 4.4
Books 6.2
Builder 34 30.0
Classes 1 .9
Friends v 6 5.3
Magazine & Newspaper Articles 28 24.8
Own Ideas & Experience 22 19.6
Television 2 1.8
Other __ 8 7.0
Total 113 100.0

Considerations in the Remodeling

The respondents were asked to choose and rank the items they
considered in remodeling their dwellings. Table 4.13 gives the items

considered by the ranking of each. The addition of space, increased



Table 4.13 Rank order of the considerations in remodeling reported by 108 respondents

Rank in Percent

Considerations 1 2 3 4 5 6 7 8
Addition of Space 43.6 23.6 2.7 7 1.8 - - -
Cost 5.5 14.5 22.7 .2 8.2 1.8 - -
Custom Decorating 0.0 1.8 4.5 .5 2.7 .9 -

Energy Conservation 1.8 6.4 14.5 12.7 8.2 - -
Increase Market Value 6.4 .6 15.5 15.5 5.5 1.8 - -
Increase Livability 32.7 34.5 11.8 .5 .9 - - -
Modernization 0.0 .7 7.3 4 3.6 2.7 - -
Maintenance 0.0 .7 4.5 .6 3.6 3.6 . -
Not Ranked 5.5 4 16.5 40.9 65.5 87.4 98.2 99.
Other 4.5 1.8 - - - 1.8 - -
Total 100.0 100.0 100.0 100.0 100.0 100.0 100. 100.

37
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Tivability, and cost were ranked as the three most important consider-
ations in remodeling. The least ranked items were custom decorating

and maintenance.

Characteristics of the Remodeling

Data collected about cost, type of remodeling, square footage

increased and year of remodeling are included in this section.

Dates of the Remodeling for Dwellings Studied

A total of 102 respondents reported the dates of their remodeling.
Table 4.14 summarizes the years the respondents indicated their
remodeling took place. Over 70 percent of the remodelings were per-
formed between July 1, 1975 and June 30, 1977. The trend toward more
remodelings in recent years may be due to the criteria of the sample.
The most recent remodelers are less likely to have moved from the

dwellings remodeled.

Table 4.14 Dates of remodeling reported by 102 respondents

Dates Responses
N %
July 1, 1973 - June 30, 1974 13 12.7
July 1, 1974 - June 30, 1975 ‘ 16 15.7
July T, 1975 - June 30, 1976 32 31.3
July 1, 1976 - June 30, 1977 41 40.3
Total : . 102 100.0
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Remodeling Costs

The respondents were asked to give the cost of remodeling their
houses. These figures were grouped into six qategories (Table 4.15).
About two-thirds of the respondents spent under $10,000 for their
remodeling. The expenditures ranged from $1,000 to $30,000. The
mean cost of the remodelings was $7,670. The high mean in the study
may be attributed to the’criteria for expenditures of over $1,000.

Krassa (1975) suggests that the owners of more expensive housing
spend more for remodeling. In addition, the higher the income of the
owners, the more money is spent on remodeling. High income levels of
the respondents could also be a factor to explain the high expendi-

tures of this sample.

Table 4.15 Expenditures reported by 108 respondenté for remodeling

Expenditure Categories Responses
in Dollars N %

1,000 - 4,999 37 34.0
5,000 - 9,999 34 31.0
10,000 - 14,999 v 18 17.0
15,000 - 19,999 6 5.5
20,000 - 24,999 6 5.5
Over 25,000 2 2.0
No Response 5 5.0
Total 108 100.0

Type of Remodeling

From the information supplied, the researcher categorized the type



48

of remodeling performed. Table 4.16 summarizes the types of
remodelings. About three-fourths of the remodeling was done to add
space. Only four percent remodeled specifica]ly for energy conserva-
tion. Examples of the energy conservation remodeling techniques
include the addition of wood burning stoves, storm windows and doors,

insulation of duct work, and design for optimum natural solar heating.

Table 4.16 Types of remodeling performed to dwellings

Type of Remodeling Responses
N ’ %
Decorating/Modernization 12 11.0
Energy Conservatibn 4 4.0
Exterior Alterations 8 7.0
Maintenance 6 6.0
Space Addition _ 78 72.0
Total 108 100.0

Area Additions

Of the 78 respondents adding square footage to their dwellings,
62 percent increased area by less than 450 square feet. Increases
ranged from 20 square feet to 1,800 square feet. The mean increase

was 296.8 square feet. Table 4.17 summarizes the space increases.



49

Table 4.17 Increase 1in square footage to 78 dwellings during
remodeling

Increased Square Footage \ Responses .
Less Than 100 4 5.1
100 - 149 : 7 9.0
150 - 249 17 21.8
250 - 449 20 25.6
450 - 649 : 11 14.1
650 - 849 12 - 15.4
850 - 1049 6 7.8
1050 and Over 1 1.2
Total : 78 100.0

Energy Considerations in the Remodeling

The energy considerations of owners of single family dwellings
were examined to learn if: 1) energy saving features were incorporated
in the remodeling; 2) alterations were made to heating systems;

3) considerations were made in the selection of appliances and hot
water heaters; 4) fluorescent 1ighting fixtures were installed; and
5) alternative energy sources were considered in the remodeling.

From the information Supp]ied by the respondents, the researcher
determined if energy conserving features were a part of the remodeling
performed. Analysis of the description of the remodeling, ranking of
considerations for remodeling and the selection of equipment, altera-
tions to heating systems, and the installation of fluorescent

fixtures were used as a basis for these decisions. Only 42 of the 108
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respondents included energy saving features in their remodeling. Two
respondents did not provide enough information to determine if energy

conservation was part of the remodeling.

Alterations to Heating Systems

Based on the information provided by the respondents, the
researcher determined if alterations to the heating systems had been
made with or without energy consideration. Table 4.18 summarizes the
findings from 73 respondents altering their heating systems. Over 40
percent of those altering their heating systems made energy-conserving
alterations. Some examples of energy alterations to heating systems
included heatilators installed in fireplace units and insulation of
duct work. Other changes included the addition of wood burning
stoves and the expansion of heating systems in which the square
footage of a room was substantially increased. Overall, 16 wood
stoves, six fireplace units, and two heatilators were added in

remodeling.

Table 4.18 Heating system alterations reported

Alterations | Responses
‘ N %
Alterations with energy 30 41.0
considerations
Alterations without - 43 59.0

energy consideration , :
Total ’ 73 100.0
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Considerations in_the Selection of Appliances and Hot Water Heaters

0f the 108 respondents, 10 chose hot water heaters and 15 chose
other appliances as part of their remodeling activity. For the
appliances, cost and availability were the two most important
factors in their selection. Sty]e; color, and energy use were most
often ranked third. In the selection of hot water heaters, cost,
type of fuel, and energy use were ranked as the important factors

in their selection.

Addition of Fluorescent Lighting

The 26 respondents reporting the installation of fluorescent
fixtures listed rooms in which incandescent 1ighting was changed
to fluorescent, or where fluorescent Tighting was added. Fluorescent
lighting was incorporated in 34 rooms remodeled. Table 4.25

summarizes the type of rooms in which Changes were made. Kitchens

and family rooms most often had lighting changed to fluorescent.

Table 4.19 Rooms in which fluorescent Tighting was installed in
26 remodeled dwellings

Type of Room N %
Kitchen 10 29.4
Family Room 10 29.4
Bathroom | 3 8.8
Laundry/Utility 4 12.0
Living Room 1 3.0
Basement/Garage 2 5.8
Bedroom 2 5.8
Other _2 5.8
Total ’ 34 100.0
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Energy Consumption Changes

In comparing energy consumption before and after remodeling,
22.2 percent reported_decreases, 27 percent increases, and 29.6 per-
cent no change in the amount of fuel units utilized. The remaining
21.2 percent of the respondents were not sure if their fuel unit
consumption had changed. In some cases the decréased unit consumption
was the result of a change to an alternate source of fuel such as
wood. In some instances fuel unit consumption increases corresponded

to the addition of space to the home.

Consideration of Alternate Energy Sources

Of 108 respondents, 45.5 percent (49) indicated they considered
alternate energy sources in their remodeling, and 52.8 percent (57)
indicated they did not, while 1.8 percent (2) did not respond to the
question. Of the respondents considering alternate sources,

89.3 percent considered wood, 8.5 percent solar energy, and two per-
cent considered using electricity as an alternate form of energy.

In response to what might motivate the homeoWners to adopt an
alternate energy source, saving money on utility costs, saving energy,
and increasing the resale value of their home were the most reported
factors. Table 4.20 summarizes the motivating factors for the

76 respondents.
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4.20 Motivations for considering alternate energy sources
by 76 respondents

Motivation Ranked 1 Ranked 2
N % N %

Lower Interest 1 1.3 4 5.3
Loans

Increase Resale 13 17.3 10 13.2
Save Money 42 55.2 21 27.6
Save Energy 18 23.6 | ‘ 26 34.2
Tax Advantages 2 2.6 8 10.5
No Response 0 0.0 7 9.2
Total 76 100.0 76 100.0

When asked what the major deterrants were to adopting an
alternate energy source, 50 of the 108 respondents listed cost
and problem installations as deterrants. Table 4.21 show the
ranking of the deterrant factors.

Table 4.21 Deterrants for adoption of alternate energy sources as
reported by 50 respondents

Deterrants Ranked 1 ' Ranked 2
N % N %

Aesthetics 2 4.0 4 8.0
Costs 22 44.0 9 18.0
Lack of Knowledge 7 14.0 7 14.0
Lack of Faith 3 6.0 5 10.0
Problem Installations 16 32.0 17 34.0
No Response 0 0.0 8 16.0

0 50 100.0

Total 50 100.

Current relatively high costs, along with the public's

unfamiliarity with solar system performance, present major obstacles
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to the adoption of solar heating systems by the residential sector
(Magnas et al., 1976). Also, the retrofit of active solar sysfems

is difficult in some cases given the structural and space requirements
(Sunset, 1978). These concerns arevevident in the findings of this

study.

Hypotheses

The Chi-square statistical test was used. The .05 level of
significance was selected as the criterion for identification of
significant associations between variables. |

Hypothesis 1. There is no association between the year the

remodeling took place and the inclusion of
energy saving features.

On the basis of the Chi-square test, Hypothesis 1 could not
be rejected. There was no significant association found between the
year the remodeling took place and the inclusion of energy saving
features at the .05 probabi]ify Tevel.

Table 4.22 shows the dates of remodeling and the inclusion of
energy saving features. Seventy-one percent remodeled between
July 1, 1975 anvaune 30, 1977. Of the respondents remodeling
during that time, 42.2 percent included energy saving features in
their remodeling. Of the 29 percent remodeling prior to July 1, 1975,

34.5 percent included energy saving features.
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Table 4.22 The inclusion of energy saving features in the
remodeling by date of remodeling

Dates Energy Features Energy Features Total
Included Not Included
July 1973 - June 1974 3 10 13
July 1974 - June 1975 7 9 16
July 1975 - June 1976 12 19 31
July 1976 - June 1977 _18 22 40
Total 40 60 100

X?= 2.0832, 3 d.f.< X2= 7,81473 at the .05 level of significance

Hypothesis 2. There is no association between the major type
of fuel used in the home and the inclusion of
energy saving features in remodeling.

Based on the Chi-square test, Hypothesis 2 was not rejected.
Based on the data in Table 4.23 there was no association between the
major type of fuel used in the homes and energy saving features
included in the remodeling. The datum does suggest homes using wood
as a major fuel most often included energy saving features in their
remodeling.

Table 4.23 The inclusion of energy saving features in remodeling
by major type of fuel used in the dwelling

Fuel Type Energy Features Energy Features Total
' Included Not Included
Electricity | 13 14 27
Natural Gas 19 42 : 61
0il 5 6 1
Wood 5 2 7
Total 42 64 _]Ei;—

X%= 5,76822, 3 d.f.< X2= 7,81473 at the .05 Tevel of significance



56

Hypothesis 3a. There is no association between the ranking
of importance of energy saving features and
the addition of space as considerations in
remodeling. :

Based on the Chi-square test, Hypothesis 3a could be rejected
at the .0031 significance level (Table 4.24). There was an associa-
tion between the two variables since most respondents who ranked the
addition of space as a consideration also ranked energy saving
features as important in remodeling.

Hypothesis 3b. There is no association between the ranking

of importance of energy saving features and
cost as considerations in remodeling.

On the basis of the Chi-square test, Hypothesis 3b could be
rejected at the .0142 significance level (Table 4.24), A total of
67 respondents ranked cost as a consideration with 49 also reporting
energy as a consideration in the remodeling, There is an association
between the two variables since those respondents concerned with cost
are also concerned with energy features. Twelve respondents out of
49 (24%) ranked energy features as a more important consideration
than cost in their remodeling.

Hypothesis 3c. There is no association between the ranking

of importance of energy saving features and
custom decorating as considerations in
remodeling.

Hypothesis 3c could be rejected at the .0000 level of signifi-~
cance based on the Chi-square test. As summarized in Table 4.24,

the test determined that those respondents considering custom

decorating also considered energy features in their remodeling.
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Hypothesis 3d. There is no association between the ranking
of importance of energy saving features and
increased livability as considerations in
remodeling. ‘

Based on the Chi-square test, Hypothesis 3d could not be
rejected. There was no association (Table 4.24) between the two
variables. Those respondents concerned with increased livability
for their home did not rank energy as an important consideration
in their remodeling.

Hypothesis 3e. There is no association between the ranking

of importance of energy saving features and
increasing market value as a consideration
in remodeling.

Hypothesis 3e could not be rejected based on the Chi—square
test (Table 4.24). There was no association between the two con-
siderations. Respondents who indicated increasing the market value
of their house as a consideration did not often rank the inclusion
of energy saving features as a consideration.

Hypothesis 3f. There is no association between the ranking

of importance of energy saving features and
maintenance as considerations in remodeling.

Based on the Chi-square test, Hypothesis 3f could not be
rejected (Table 4.24). There was no association between the ranking
of maintenance as a consideration and the inclusion of energy saving
features. Those respondents considering maintenance in their
remodeling did not often rank energy as a consideration.

Hypothesis 3g. There is no association between the ranking of

importance of energy saving features and
modernization as considerations in remodeling.

Hypothesis 3g could not be rejected based on the Chi-square test

(Table 4.24). There was no association found between considering
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modernization in the remodeling and the consideration of energy.

Table 4.24 Chi-square test scores for the ranking of energy saving
features and other considerations in remodeling

Considerations Degree of Freedom Chi-Square
Addition of Space 6 19.68674*
Cost 6 15.90979*
Custom Decorating 6 113.52933*
Increased Livability 6 5.23210
Increased Market Value 6 6.71608
Maintenance 6 12.37061
Modernization 6 8.86352

* Significant at the .05 significance level

Hypothesis 4. There is no association between persons
planning the remodeling and the inclusion
of energy saving features in the remodeling.
Based on the Chi-square test, Hypothesis 4 could not be rejected.
Based on the data shown in Table 4.25 there was no association
between the type of person planning the remodeling and the inclusion
of energy saving features. The datum suggests that contractors were
most Tikely to include energy saving features in their plans.

Table 4.25 Person planning the remodeling and the inclusion of
energy saving features

Person Planning the Remodeling

Energy

Features Architect Builder Contractor Remodeler Self Total
Yes 2 2 5 1 32 42
No 9 3 4 5 42 63
Total 11 5 9 6 74 105

X2= 4.7746, 4 d.f., < X2= 9,48773 at the .05 level of significance
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Hypothesis 5a. There is no association between the inclusion
of energy saving features in remodeling and
the age of the respondent.

Hypothesis 5a could not be rejected based on the Chi-square
test. Table 4.26 shows the data for the respondents' ages by the
inclusion of energy saving features in the remodeling. There was
no association between age and the inclusion of energy saving
features in remodeling. However, the data suggested that fespon—
dents 65 years and older and those 26 to 35 years were most Tikely
to include energy saving features in their remodeling.

Table 4.26 The inclusion of energy saving features in the
remodeling by the age of the respondent

Age of the Respondent
25 or under 26-35 36-45 46-55 56-65 65+ Total

Energy Features

Yes 2 13 13 7 5 2 42
No 2 15 24 15 8 0 64
Total 4 28 37 22 13 2 106

X2= 4.64874, 5d.f., < X2= 11,0705 at the .05 level of significance

Hypothesis 5b. There is no association between the inclusion
of energy saving features in remodeling and
the education of the respondent.

Table 4,27 shows the inclusion of energy saving features by the
education of the respondent. Based on the Chi-square test,
Hypothesis 5b was not rejected. There was no association between
the two variables, but the datum suggests that respondents with an

education of one to four years of college most often included energy

features in their remodeling.



60

Table 4.27 The inclusion of energy saving features in the
remodeling by the education of the respondent

Education of Respondent

Energy

Features 1-8 9-12 Voc. 1-4* B.S. M.S. PhD. Other Total
Yes 1 3 2 11 9 8 8 0 42
No 1 7 3 7 16 15 14 1 63
Total 2 10 5 18 25 23 22 1 106

X2= 5.06796, 7 d.f., < X2= 14.0671 at the .05 level of significance
* indicates years of college but no degree

Hypothesis 5c. There is no association between the inclusion
of energy saving features in remodeling and
the occupations of the respondent.
Based on the Chi-square test, Hypothesis 5c could not be
rejected. However, the retired respondents and those in a clerical
or technical field most often included energy saving features in the

remodeling. Table 4.28 summarizes the data for the two variables and

the Chi-square test.

Table 4.28 The inclusion of energy saving features in the remodeling
by the occupations of the respondents

Occupation Energy Features

Yes No Total
Major Professional 2 5 7
Business Managers 14 25 39
Administration 6 8 14
Clerk/Technical 7 7 14
Skilled 2 4 6
Semi-skilled 0 2 2
Retired 4 2 6
Housewife _2 _4 6
Total 37 57 94

X2= 4,628197, 7 d.f., < X2= 14,0671 at the .05 level of significance
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Hypothesis 5d. There is no association between the inclusion

of energy saving features in remodeling and
the income of the households.

Table 4.29 shows the data for household incomes by the inclusion
of energy features 1n remodeling. Based on the Chi-square test,
Hypothesis 5d could not be rejected. The income category of $8,000 to
$11,999 was the only category in which more people included than did
not include energy saving features in their remode]ing._

Table 4.29 The inclusion of energy saving features in the remodeling
by the income of the households

Energy Features Included

Income

Yes No Total
Under $8,000 1 2 3
$8 - $11,999 6 5 11
$12 - $14,999 2 3 5
$15 - $19,999 6 7 13
$20 - $24,999 7 11 18
$25 - $29,999 7 9 16
$30 - $34,999 5 14 19
$35 - $39,999 0 4 4
$40 - $44,999 2 3 5
$45 - $49,999 2 2 4
$50 - $54,999 0 2 2
Over $55,000 2 0 2
Total 40 62 102

X?2= 10.02446, 11 d.f., < X2= 19,6751 at the .05 level of significance
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V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The purpose of this study was to investigate energy considera-
tions in the remodeling of owner-occupied, single family dwellings.
Energy cdnservation techniques, attitudes toward an energy crisis, the
use of alternate enérgy sources, characteristics of the remodeling
planning, as well as relationships between demographic information
and energy conservation in remodeling were 1nvéstigated.

Questionnaires were sent to all homeowners who had purchased
building permits from the City of Corvallis, Oregon for a remodeling
project costing $1,000 or more. Of the 225 mailings, 108 (48 percent)

homeowners' returned completed questionnaires.

Demographic Data

The 108 respondents in the study ranged in age from 21 to
70 years with a mean age of 42.6 years. Their partners ranged in
age from 23 to 68 years with a mean age of 41.5 years.

The sizeof fhe households reported in the study ranged from
one to 12 persons with the mean size of the household being 3.5
persons. FEighty-seven percent of the respondents and 72.4 percent
of their partners were employed. The most common occupations for
the respondents were in the category of business managers and
professionals with 36 percent of the respondénts and 21 percent of |
their partners in that classification. The mean level of education

for both respondents and their partners was 16 years. The education



63

Tevel ranged from less than eight years to completion of a doctoral
degree. Of the 106 respondents and 93 partners reporting education
levels attained, 16 percent had completed a doctoral degree.

The total gross annual household income ranged from under $8,000
to over $50,000 per year. Over half of the households reported in-
comes above $25,000 per year.

Seventy-five percent of the respondents believed in the exis-
tence of an energy crisis, 12 percent did not, and 13 percent were
not Sure. Over 50 percent of the respondents with some college
education felt there was an energy crisis. Of the respondents with
incomes over $12,000 per year, over half believed an energy crisis

existed.

Characteristics of the Dwellings

Sixty-nine percent of the dwellings studied were less than
20 years old. The houses ranged in age from one to 78 years with a
mean of 21.5 years. Only four percent of the dwellings were
purchased since 1976.. The years of purchase ranged from 1943 to 1976
with a mean year of purchase being 1968. Fuels used in the houses
included electricity (25.9 percent), natural gas (57.4 percent), oil

(10.2 percent), and wood (6.5 percent).

Characteristics of the Remodeling

Over 69 percent of the remodeling plans were made by the
respondents or their partners. Architects were responsible for

10.2 percent of the remodeling plans while contractors were responsible
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for 8.3 percent of the plans. Of the 75 respondents responsible for
the planning of their remodeling, builders were most often used as a
source of information on remodeling with magazine and newspaper
articles as the next most common source of information used.

The three most important considerations in the remodeling were
ranked as 1) addition of space, 2) increased livability, and 3) cost.
Cqstom decorating and maintenance were ranked as the least important
éonsiderations in remodeling.

Over 71 percent of the remodelings in the study were performed
between July 1, 1975 and June 30, 1977. About two-thirds of the
remodelings cost under $10,000. The expenditures kanged from $1,000
to $30,000 with a mean expenditure of $7,670.

From the information supplied, the researcher categorized the
types of remodeling performed. About three-fourths of the respon-
dents added space to their dwellings. Of the 78 respondents adding
space, 62 percent added an area of 450 squaré feet or less.
Increases ranged from 20 square feet to 1,800 square feet. The mean
increase in area was 296.8 square feet. Decorating and modernization
accounted for 11 percent of the work with exterior alterations and
maintenance seven percent and six percent respectively. Four percent

specifically remodeled for enefgy conservation.

Enerqy Features of the Remodelings

Forty-two percent of the 108 respondents included energy saving
features in their remodeling. Of the 73 respondents who altered the

heating system of their dwellings, 41 percent indicated they made
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energy saving alterations which included one of the following:

1) insulation of duct work; 2) wood stove installation; 3) addition of
fireplace units; and 4) the installation of heatilators in existing
fireplace units. In comparing fuel consumption before and after
remodeling, 22.2 percent reported decreases, 27 percent increased
consumption, 29.6 percent reported no change, and 21.2 percent were |
not sure of consumption pattérns.

Fifteen respondents chose appliances, ten chose hot water
heaters, and 26 installed f]ubrescent Tighting fixtures in their
remodeling. For appliance selection and hot water heaters, the
primary considerations were cost and type of fuel. Those‘who
reported the installation of fluorescent fixtures indicated kitchens
and family rooms most often equipped with fluorescent fixtures.

Over 45 percent of the respondents indicated considering alter-
nate energy sources in their remodeling. Wood was the alternate
source most often considered. Motivations for choosing an alternate
source of energy were to save money, to save energy, and to increase
the resale value of their dwellings. Costs and problem installations

were the deterrants to the use of alternate energy sources for the

respondents.

Hypotheses

Hypothesis 1. There is no association between the year the
remodeling took place and the 1nc1us1on of
energy saving features.

Based on the Chi-square test the first hypothesis could not

be rejected.
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Hypothesis 2. There is no association between the major type
of fuel used in the home and the inclusion of
energy saving features in remodeling.

No association was indicated in the type of fuel used in the
dwelling and the inclusion of energy features in remodeling. The
data suggested homeowners using wood as a major fuel source were
most likely to include energy features in their remodeling.
Hypothesis 2 was not rejected on the basis of the Chi-square test.

Hypothesis 3. There is no association between energy saving
features and other considerations in remodeling:
a) addition of space; b) cost; c) custom
decorating; d) increase livability; e) increase
market value; f) maintenance; and g) moderniza-
tion.

There was no association between the considerations of increased
Tivability, modernization, maintenance and increased market value and
energy saving features in the remodeling. The Chi-square test resulted
in the rejection of hypothesis 3a, 3b, and 3c. An association was
found between each of the consideration of cost, custom decorating,
and space additions and the consideration of energy saving features.

Hypothesis 4. There is no association between persons planning
the remodeling and the inclusion of energy saving
features in remodeling.

The data suggested contractors most often incorporated energy
features into remodeling plans. Based on the Chi-square test
hypothesis 4 could not be rejected.

Hypothesis 5. There is no association between the inclusion of
energy saving features in remodeling and demo-
graphic characteristics of the respondents:

a) age; b) education; c) occupation; and d) income.

Hypothesis 5 could not be rejected on the basis of the Chi-square

test. The results of the test indicated no association between the
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respondents age, education, occupation or .income and the

inclusion of energy saving features in the remodeling.
Conclusions

On the basis of the Chi-square test findings from this study
suggest the following conclusions:

1. A majority (58%) of the people remodeling their homes and
spending over $1,000 are not including energy conserving features in
their remodelings at this time. Over 40 percent of‘the sample did
incorporate some energy saving features in their remodeling.

2. There was no association betWeen the homeowners including
energy features in their remodeling and the year the work was per-
formed. The Tack of an association would suggest no trend toward
more energy saving features being incorporated into remodeling since
1973.

3. The data from this study suggest homeowners who use wood
as a major fuel were most 1ikely to include energy features in
their remodeling projects.

4. Energy was ranked overall as the fifth most important
consideration in the remodeling. Two considerations, costs and
increasing market value, were significantly associated with the
consideration of energy. |

5. Cost was one of the most important considerations in remodeling.

6. Alternate energy sources such as so]ér energy were not
being considered in the remodeling.

In this study the majority of homeowners did not incorporate
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energy.saving features in their remodeling projects. The greatest
concern was the addition of space for the home while energy was not
a major consideration. |

The Department of Energy for the State of Oregon states that
90 percent of the homes in Oregon could be retrofitted for additional
energy efficiency (Harris, 1978). If homeowners who are remodeling
their homes could be stimulated to include energy features, energy
savings in the residential sector could be substantial. The study
indicates that a majbrity of these homeowners added space to their
dwellings, and in most cases increased fuel usage. When energy
conservation becomes more cost effective for the homeowner, it may
Create more of an incentive for energy savings.

Perhaps, due to the income Tevel of the sample, the economic
impact of the increases in utility costs was not sufficient to
stimulate energy remodeling activity. It may be possible that home-
owners of lower incomes and those making Tower expenditures on
remodeling more often include energy saving features in their

remodeling.

Implications

The results from this study have several implications for the
housing educator. The findings show that a belief in the existance
of an energy crisis was typical of the sample, yet this belief was
not reflected in the respondents' remodeling activity. The majority
of the respondents did plan their own remodeling. Given these facts

it may be implied that if the homeowners could be stimulated through
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education with respect to energy conservation techniques and alter-
nate energy supply utilization, greater energy saVings might be
realized in the residential sector.

Because of the potential for energy conservation through
retrofit of existing housing and because of the amounts of‘money
invested in remodeling activity, there are implications for public
policy which could stimulate more energy conservation applications.
Such po]icies as increased tax credits or lower interest loans could
be motivations for homeowners to include conservation techniques in
remodeling. A policy of continued funding for research into new
conservation techniques as well as the production of more inexpensive
procedures could also prove to be incentives for the homeowners to

incorporate energy saving features into their remodeling activity.

Recommendations for Future Study

The findings of this study suggest the need for the following
additional research: |

1. Replicate the study using all building permits issued for
all costs of remodeling.

2. Replicate the study in other geographic areas and compare
these studies to this study in Corvallis, Oregon.

3. Investigate the valuation change for houses including energy
efficient features and those not, given the same expenditures for
remodeling.

4. Investigate increases in valuation of dwellings with respect

to expenditures for remodeling.
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5. Explore in depth motivations for homeowners to include
energy saving features.
6. Investigate through case study the costs and savings for

those including energy conservation techniques in their remodeling.



71

LIST OF REFERENCES

Adams, Anthony. Your Energy-Efficient House: Building and

Remodeling Ideas. Charlotte, Virginia: Garden Way Publishers,
1975. :

Brown, Dorothy F. More Light for Your Money. Corvallis, Oregon:
Western Region Agriculture Engineering Service, 1978.

Citizen Action Guide to Energy Conservation. Washington D.C.:
Citizen Advisor Committee on Environmental Quality, 1973.

Cobb, Hubbard H. Improvements that Increase the Value of Your
House. New York: McGraw-Hill Publishers, 1976.

David, L. How to Make a Fireplace Earn Its Keep. Mechanix
[Tlustrated, February 1975, 34-35.

Doss, Marilyn. Electric Power: A Crisis Ahead? Family Economics
‘ Review, September 1972, .10-13.

Downey, Kenneth J. Elementary Social Statistics. New York:
Random House, 1975.

Dubin, Fred S. Solar Energy Design for Existing Buildings. ASHRAE
Journal, November 1975, 17:11, 53-55.

Dupree, W. G., and Corsentino, John S. United States Energy
Through the Year 2000. Washington D.C.: U.S. Department
of the Interior, 1975.

Fitch, James B. Thoughts for the Energy Crisis: The Economics
of Insulation and Heating Systems in Typical Willamette Valley
Homes. Corvallis, Oregon: Oregon State University, January 1974.

Harris, Majorie. Oregon State Department of Energy, Personal
Communication, Corvallis, Oregon, May 24, 1978.

Hayes, Denis. Energy: The Case for Conservation. Washington D.C.:
WorTdwatch Institute, 1976.

Hirst, Eric et al. Feasibility of Zero Residential Energy Growth.
Energy, August 1978, 3:4, 427-438.

Hirst, Eric, and Jackson, Jerry. Historical Patterns of Residential
and Commercial Energy Uses. Energy, April 1977, 2:2, 131-140.



72

Hirst, Eric, and Moyers, John C. Efficiency of Energy Use in the
United States. In Energy: Use, Conservation, and Supply.
Washington D.C.: American Association for the Advancement of
Science, 1974, 13-18.

Hogan, M. Janice. Changing Our Energy Behavior. Journal of Home
Economics, May 1978, 70:3, 18-22.

Hollingshead, Alfred B. Two Factor Index of Social Position.
UnpubTished Manuscript, 1957.

Hoskins, Robert A. et al. Residential Refrigerators: Energy

Conservation and Economics. Energy, February 1978, 3:1,
43-49,

How to Cut Fuel Bills. Popular Mechanics, January 1973, 70-71.

Krassa, Lucie G. Expenditures for Improving and Repairing the
Family Home. Family Economics Review, Spring 1975, 11-13.

Landsberg, Hans H. Energy and the Social Science. Washington D.C.:
National Science Foundation, 1974.

Leckey, W. C. Fireplace Heat Savers Warm the Room, Not the Chimney.
Popular Mechanics, December 1974, 174.

Lighting: Energy Waster. Consumer Research Journal, May 1974,
26-27. '

Lincoln, G. A. Energy Conservation. In Energy: Use, Conservation
and Supply. Washington D.C.: American Association for the
Advancement of Science, 1974, 19-23.

Magnas, Howard, et al. Home Heating Conservation Alternatives and
the Solar Collector Industry. Washington D.C.: Federal Energy
Administration, 1976.

Make Your Fireplace Give More Heat; Using Pre-Fab Models. Changing
Times, October 1975, 15-16.

Morris, Earl W., and Winter, Mary. Housing, Family and Society.
New York, New York: John Wiley and Sons, 1977.

Morrison, Bonnie Maas, and Gladhart, P.M. Energy and Families:
The Crisis and the Response. Journal of Home Economics,
January 1976, 15-18.

Mutch, James J. Residential Water Heating: Fuel Conservation,
Economics, and Public Policy. Santa Monica, California:
Rand Corporation, 1974.




73

Newman, Dorothy K., and Day, Dawn. How Households Use Energy.
Family Economics Review, Spring 1976, 14-19,

Nie, Norman H. Statistical Package for the Social Sciences.
New York: McGraw-HiTT, 1975.

Oddo, S. Energy Facts About Fireplaces. House and Garden,
December 1975, 12.

Pacific Power and Light; Patterns of Energy Consumption in the
United States. Menlo Park, California: Stanford Research
Institute, 1974.

Penno, Jerry Ann. Outlook for Energy. Family Economics Review,
Winter 1977, 13-31.

Penoyar, William, and Williams, Franklin. Survey of the United
States Residential Insulation Industry Capacity and
Projections for Retrofitting United States Housing Inventory.
Construction Review, August/September 1977, 23:5, 4-14.

Polk's Corvallis, City Directory. Benton County, Oregon, 1978.

Rubinstein, Nathan. Residential Alterations and Repairs.
Construction Review, April/May 1977, 23:3, 4-13.

Ruffin, Marilyn Doss. Energy Prices and Their Impact on Families.
Family Economics Review, Fall 1974, 22-25.

Storm Windows and Doors. Changing Times, October 1974, 21-31.

Sunset Books. Homeowners' Guide to Solar Heating. Menlo Park,
California: Lane Pub]ishers, 1978.

United Nations. Statistical Yearbook. New York, 1978.

United States Bureau of the Census. Statistical Abstract of the
United States; 1975, Washington D.C., 1976.

Statistical Abstract of the United States; 1976, Washington D.C.,
1977.

Statistical Abstract of the United States; 1977, Washington D.C.,
1978.

United States Department of Commerce. Historical Statistics of the
United States: Colonial Times to 1970, Washington D.C., 1976.

United States Department of Housing and Urban Development.
Residential Energy Consumption of Single Family Housing.
Columbia, Maryland: Hittman Associates, Inc., 1973.




74

United States Department of Housing and Urban Development,
Statistical Yearbook. Washington D.C., 1975, 267,

Statistical Yearbook. Washington D.C., 1976.

Statistical Yearbook. Washington D.C., 1977.

Annual Housing Survey: 1976. Washington D.C., 1978.

United States Department of the Interior. Energy Perspectives.
Washington D.C., February 1975.

Energy Perspectives 2. Washington D.C., June 1976.

United States Department of Labor. Monthly Labor Review.
December 1975, 98:12, 90-93.

Monthly Labor Review. December 1976, 99:12, 81-84.

Monthly Labor Review. December 1977, 100:12, 99-102.

Monthly Labor Review. January 1978, 101:1, 94-97.

Wilson, R.P. Energy Conservation Options for Residential Water
Heaters. Energy, April 1978, 3:2, 149-172.



APPENDIX



75

Oregon

Schoo! of tdte .
University

Home Economics Corvallis, Oregon 97331  (508) 754-3551

February 21, 1978

Dear

I am a graduate student at Oreqon State University in the Family
Resource Management Department and I would like to ask for your help.
As part of the requirements for my Master's deqree I am conducting a
study in the remodeling practices of owners of single family homes.

The enclosed questionnaire has been designed to obtain information
about the remodeling practices of families of owner-occupied homes.

Your name was oktained from applications for building permits filed
in the Corvallis City tiall between July 1, 1973 and June 30, 1977.

The information collected in the questionnaire is solely for the
purpose of this research study. You will remain anonymous as the
responses will be coded and summarized and you will never be identified
in any way.

Both my major professor and I hope that you will take the time and
have the interest to respond to the questionnaire and return it in:
the envelope provided by March 8, 19278. Please mail the enclosed post
card at the same time as your response to enable me to know if your
questionnaire has been returned.

Yours sincerely,
el

-~ 4 - ~ ’

Maré L.cérénitej Graduate Student

and

—_—

Martha A. Plonk, Major Professor
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QUESTIOMNAIRE for the STUDY of COUSIDERATIONS
in REMODELING bv IHOMEOWMEPS in CORVALLIS, OREGON, 13973-1977

In this questicnnaire remodeling is considered to he any addition or
altaration of $1000.00 or more valuc to a single family home between
Tulv 1, 1973 and June 30, 1977. If more than one remodeling job of this
value took place, answer the nuestions with the most expensive remodeling
in mind.

1. ticw manv times have vou remndeled vaur homa since July 1, 1973, spending
more than $1000.007?

Ylhat month and year was the permit issued for the most expensive
xmo-leling? Actual cost of the remodeling?

3. Exnlain the tyne of ramodeling dane, and why.

Please give the approximate square footade of your home.

Tefore remodelina . __s54. ft, After renmocdeling sq. ft.
5. Who was responsible for the major part of the planning?

{ ) architect { } contructor { } self or partner

(

} huilder { ) professional remodeler ( } other,

. 1f you or your nartner were resvonsitle for the planning of the remodeling,
indicatne anv sources of information used.

{ ) businesscs { ) advertisewents () television
{ ) builder/contractor { ) madazine articles ( ) other, e
{ ) classes () newsnaper articles

-

7. Check all the considerations in vour remodeling and then rank those
selected in order of importance.

check rank check rank
() () addition of space () ( ) increasc market value
cost of remodeling { increase livability

custom decorating {
enerqgy conserving features {
other, specify _

()
) ( ) modernization
) ()

()
()
(] maintenance of home
()

o~ e~
—

8, What year did you purchase vour home? -

2. What is the approximate aqge of your home?

10. What is the major fuel used for heating in your home?

11. Did you alter or make additions to the heating system in your remodelinq?
{ )} yus () no If ves, explain what changes were made.
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12, Was there any noticeable change in the amount of fuel units (i.e. KWH)
consumed before and after the remodeling? ( ) decrease () no change
{ ) increase () not sure

13, Were lighting fixtures changed from incandescent to flourescent, or were
additions of flourescent fixtures made? {) vyes () no
If yes, in what rooms?

14, If appliances were part of your remodeling rank from 1 to 3 the most

important factors in their selection.

() availability () cost { ) style/color ( ) dealer reputation
()} brand name () energy consumed( ) hot water use ( ) other

5. If & hot water heater was purchased in your remodeling, rank from 1 to 3
r

1

the most important factors in the selection.

()} brand name () energy consumed () installation
() cost () type of fuel used ( } other

16. a. Were alternative energy sources {(wood, solar, etc.) considered in
your remodeling? () yes () If yes, what source?

b. Rank 1 and 2 the factors which might motivate you to consider these
sources, ( ) lower interest loans () saving energy
() increase resale of home ( ) tax advantage
() savings in utility bills

Cc. Rank 1 and 2 the reasons for not considering these sources.
() aesthetics (appearance) () lack of faith
() costs . ( ) problem installations
() lack of knowledge ahout the sources

17. Do you feel there is currently an enerqy crisis? () ves { ) no { ) hot sure

18. Age of Respondent Partner

———

12. Please give the ages of others currently living in your household.
a. Males b. Females

20. Indicate the last year of school completed by you and your partner. Use

a "R" for respondent and a "P" for vour partner.

() () 1-8 () () 1-4 years college { ) { ) Doctorate
) () 9-)2 () () Bachelor's deqree () () other

() () vVocational () () Master's degree

21. Employment: Respondent Partner

22. Check the followinqg catagory in which vou and your partner's total gross
annual income fall.
{ ) under 8,000

() 8,000-11,999
() 12,000-14,999
() 15,000-19,999

20,000-24,599
25,000-29,909
30,000-34,999 )
35,000-39,994

40,000-44,999
45,000-49,999
50,000-54,9%9
over 55,000

— e -

)
)
)
)

e~~~





