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PREFACE 

Energy efficiency in the des~gn and construction of 

new housing is a subject that has been of little concern 

to builders and homebuyers alike until the past few years. 

The need for energy efficiency in new housing is evident 

as the supplies of energy diminish and the prices continue 

to rise. Builders have begun to take the initiative and 

· build houses _with measures that will cut back on energy 

consumption. This study is primarily concerned with home 

builders and their level of energy awareness in relation 

to energy efficient construction and design features and 

techniques in new construction. 
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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

Until the Arab oil embargo in 1973, most builders and 

homebuyers were not concerned with energy conservation in 

housing. The cost of heating or cooling a home was so low 

that few builders did more than meet minimum insulation 

standards. Energy was plentiful and inexpensive until 1973. 

The situation has reversed itself since that time. Fuel 

supplies are not only uncertain but very costly. Many home-

owner's utility rates are as high as their monthly mortgage 

payments (Professional Builder, 1977, p. 49). Energy con-

servation is becoming increasingly important to homeowners 

in addition .to those in the building industr'y. 

In an energy message delivered April 20; 1977, Presi­

dent Carter said! 

The second major area where we can reduce waste 
is in our homes and buildings. Some buildings 
waste half the·energy used for heating and cool­
ing. From now on, we must make sure that new 
buildings are efficient as possible and that 
old buildings are equipped, or retrofitted with 
insulation and heating systems that dramatically 
reduce the cost of fuel (p. 568). 

Cart~r further proposed tax incentives for those who weath-

erize their homes·; qirect federal help. for low-income 
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residents; and grants for those who will use solar heating. 

A number of specific goals were set for the year 1985. 

These include plans to reduce the annual growth rate in the 

United States' energy demand to less than two percent. The 

specific goals involving the homes of Americans called for 

the insulation of 90 percent of homes and new buildings and 

to use solar energy in more than two and a half million 

houses. Plans were announced to remove barriers by opening 

a secondary market for residential energy conservation loans 

through the Federal Home Loan Mortgage Corporation and the 

Federal National Mortgage Association. If the plans an­

nounced by President Carter prove to be insufficient in 

achieving widespread residential conservation, then manda-

tory measures will be considered and proposed to go into 

effect by 1980 _(Carter, 1977, pp. 561~572). 

Carter's plan did not catch the home building industry 

off guard. Since the time of the oil embargo and even be-

fore, many builders had voluntarily opted to upgrade the 

energy efficiency of new homes. Now the nation's home-

builders will be called upon to build houses that require 

even less energy for operation. 

A vari~ty of design and construction features can be -r. 

···~ 
incorporated into new houses to reduce the use of energy. \ 

~--~--" 

There are also heating and cooling systems as well as ap-

pliances that are more efficient than others. The value 

of energy efficient design and construction features must 

be measured against their cost. According to Ralph J. 



Johnson (1977) President of the National Association of 

Home Builders Research Foundation: 

Their marketability varies depending on loca­
tion, climate, price class of the home, the 
type and cost of ·fuel or energy, type of heat­
~ng and' cooling system and other factors 
(p. 1). 
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Building energy conserving homes will add to the sell-

ing price of new construction. Most of the design and con-

struction features are thought to be economically feasible 

over a period of time. However, not all energy conserving 

features will add to first cost; some, like less glass area, 

will lower first cost. Also, energy conserving homes will 

be more comfortable and will have lower fuel costs. Mar-

k~tability must remain a matter of judgment of each builder 

for each type of hou~e he builds (Johnson, 1977, pp. 1-2). 

The rising cost of energy in addition to the uncer­

tainty of the future supplies of fossil fuels for energy 

challenges the homebuilding industry to build energy con-

serving homes which will help to reduce the national energy 

demand. 

Purpose of the Study 

The purpose of this study was to conduct a survey 

among Oklahoma Home Builders to measure the~r awareness of 

energy efficient design and construction features of new 

housing. Guidelines published by the National Association 

of Home Builders (NAHB) were used as a guide for this 

measurement. 

'! 



Objectives 

The specific objedtives of this study were: 

1. To identify characteristics of the builders. 

2 . To determine builders' attitudes about the 

energy shortage, the government's position 

on energy, and the lending institution's 

attitudes on energy. 

3. To measure the level of energy awareness of 

builders regarding energy efficient tech-

niques and .features in housing design and 

construction. 

4. To examine differences in energy awareness 

levels for builders with different charac­

teristics; size of firm, age of builder, 

education of builder, length of time in 

business, size of city in which he is now 

building, price and size of houses built 

last year. 

/ 

5. To determine if builders are evaluating the 

effectiveness of energy saving features they 

are incorporating into new construction and, 

if so, what type of evaluation they are doing. 

6. To determine which energy efficiency guide­

line(s) for construction practices are being 

used by builders. 

4 
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Hypotheses 

Seven specific _!l~~l: hypotheses were examined in this 

study. There is no significant difference in the builders' 

scores on the Energy Awareness Scale and the following: 

a) the number of houses he constructed last year 

b) the age of the builder 

c) the level of education 

d) the length of time in business 

e) the size of city in which he is building 

f) price range of the homes he built last year 

g) average square footage of houses he construc­
ted last.year 

Procedure 

The sample for this survey was obtained from the mem-

bership list of the Oklahoma Home Builders Association. 

The total membership of the Oklahoma Home Builders Associ-

ation totaled 2,762 and was a combination of both active 

and associate members. Assocj.ate members are those who are 

suppliers, lending institutions, and others who are in re-

lated fields to home building. Active members are the ones 

who are actually building housing. The membership list was 

reviewed and associate members were removed from the poten-

tial sample. A random sample of 300 was drawn from the 

1,045 active building meritbers. 

A questionnaire was deVeloped using the six specific 

objectives as a guide (see Appendix A). The questionnaire 
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was pretested by administering it to builders in Stillwater, 

Oklahoma, and these builders were eliminated from the mem­

bership list before the sample was drawn. Following the 

pretest, the questionnaire was revised for clarity and 

completeness. An Energy Specialist at Oklahoma State Uni­

versity assisted with the development of questions and the 

scoring for the Energy Awareness Scale. 

On May 3, 1978, the questionnaire accompanied by a 

cover letter (Appendix A), was mailed to the 300 builders 

in the sample. By the cut-off date of May 15, 1978, 60 

questionnaires had been returned. Of the 60 questionnaires 

received, six were eliminated because respondents were pri­

marily commercial builders. The data were checked, coded 

and punched into computer data cards in preparation for 

analysis. 

Analysis of Data 

Preliminary analysis was conducted by means of fre­

quencies and percentages. Chi-Square tests were used to 

test the seven null hypotheses. The Statistical Analysis 

System (SAS)--a computer library program--was used for the 

analysis. Significant findings were identified, conclu­

sions were drawn and recommendations were made based on 

these findings and conclbsions. 
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Definition of Special Terms 

The term "energy efficiency 1n the.design and construc­

tion of housing" describes those features and techniques, 

when used in the construction of housing, that reduce the 

energy consumption of a .house. 

British Thermal Unit (BTU) is the amount of heat re­

quired to raise the temperature of one pound of water one 

degree Fahrenheit. 

A kilowatt hour (kwhr) is the energy transferred or ex­

panded in one hour by one kilowatt of power. One kilowatt 

is equivalent of about one and one-third horsepower. 

The efficiency of an energy conversion is the ratio 

of the useful work or energy output to the total work or 

energy input. 

Energy is the capacity of a body or substance to per­

form work. It is a quantity having the dimensions of a 

force times a distance. Energy exists in many forms and 

can be converted from one form to another. 

Fossil fuels such as coal, crude oil, or natural gas 

are formed from the fossil remains or organic materials. 

A heat pump is a refrigeration machine that can also 

work in a reverse cycle. 

Heat is a form of kinetic energy that flows from one 

body to another because of a temperature difference between 

them. 



HVAC refers to heating; ventilating, and air condi­

tioning systems. 

Heat gain is that amount of heat gained by a space 
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from all sources. The total heat gain represents the amount 

of heat that must be removed from a space to maintain de­

sired indoor conditions. 

Heat loss is the sum cooling effect of the building 

structure when the outdoor temperature is lower than the 

desired indoor temperature. It represents the amount of 

heat that must be provided to a space to maintain indoor 

comfort conditions. 

R-value is the measure of the ability of a material to 

retard heat flow in a building element. 

U-value is the total heat transmission rate of a build­

ing element. 

A vapor barrier restricts the passage of moisture 

through building elements. 

Insulation is any material that reduces the passage 

of heat through building elements-. 

Infiltration refers to outdodr air leakage into a 

building. 

Life cycle cost is the total cost of an item, includ­

ing initial purchase price as well as cost of operations 

and maintenance over the life of the item. 



CHAPTER II 

REVIEW OF LITERATURE 

National Energy Crisis 

The United States is facing an energy shortage of un-

known duration which is forcing consumers as well as in-

dustry and business to take a serious look at conservation 

in every area of li.fe. The explanation for the energy 

crisis is simple, natural sources of energy are decreasing 

while the demand for energy is increasing at an alarming 

rate. While only six percent of the world's population 

lives in the United States, this six percent consumes 33 

percent of the world's energy (Montgomery, 1973, p. 17). 

The United States accounts for 31 percent of the gross na­

tional product of the world. If the United States did not 

use much of the world's total energy, then it could not 

produce the large proportion of the world's goods and ser-

vices. So the use of energy and the gross national prod-

uct are closely associated because business and industry 

require energy. 

Weber and Feder (1977) stated that Americais need for 

energy has been growing since the industrial revolution: 

Expanding population accounts for some of that 
growth--more people, more use of energy; the 

9 



larger factor, however, has been increasing 
energy use per person. While U.S. population 
grew by 34 percent from 1950 to 1970, per 
capita energy consumption grew by 46 percent. 
The combined effect gave us a 1970 level of 
energy use almost double that of 1950. If 
this curve had continued, by 1990 annual use 
would have almost doubled again. At that 
rate, we would have used in those 20 years as 

· much energy as we had used in all the years 
from 1607 to 1970. The curve has been flattened 
by the oil embargo, hiked energy prices and the 
recession that followed, but it is too early 
to tell if this change will be a major deflec­
tion of the curve or only a minor kink in it 
(p. 5) • 
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According to Udall, Conconi and Osterhout, "historians 

will look back on 1973 as the year the era of cheap energy 

ended" (1974, p. 22). The United States has taken cheap 

energy for granted in the past. The American people revel 

in the exceptional and grand in all areas of life from 

automobiles to housing. It was computed that energy use 

in the United States was so significant that it was equal 

to each citizen having 200 personal servants. Most Ameri-

cans believed that there was nothing that could not be 

solved in this great technological country. When warned of 

the impending energy crisis, most people did not heed the 

counsel. Lines at gas stations all over the nation in 197 3 

and 1974 convinced many people that the energy crisis was 

indeed true (Udall, Conconi and Osterhout, 1974, pp. 22-27). 

Energy Demand and Sources of Fuel 

Before the embargo, United States' petroleum consump-

tion had reached 18 million barrels a day. After the 
' 
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embargo, a higher price resulted with the cost spiraling 

from $1. 80 a barrel to somewhere around $13.00 a barrel. 

This great price increase caused a decline in the consump-

tion of energy in 1974 and 197 5. In 1976 energy consump­

tion began to rise but at a slower rate (Weber and Feder, 

19771 P• 7) o 

Even the energy experts were astonished at the rapid 

change in the petroleum picture in the early seventies 

because as recently as 1954, the United States had pumped 

half the world's oil from its own wells and had consumed 

about half of that oil. The impact of the Organization of 

Petroleum Exporting Countries (OPEC) embargo taught the 

United States that its consumption had far outrun its ca-

pacity for production (Udall, Conconi and Osterhout, 1974, 

pp. 89-94) . 

Today, four years after the oil embargo, the United 

States is more dependent than ever on foreign sources for 

oil. The volume of imports climbed from 23 per~ent in 

1970 to more than 40 percent in 1977. The Federal Energy 

Administration has estimated that oil imports will exceed 

50 perc~nt of United States consumption by 1985 (American 

Petroleum Institute, 1977, p. 5). Significantly, the re-

port on energy (1974) by the Ford Foundation warned: 

Even if there were no further annual growth in 
energy use after the 1980's, the nation would 
still need to find enough supplies every year 
to meet an energy demand one-third larger than 
than of 1973 (p. 108). 
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There has been little argument over the fact that the 

United States must have dependable access to energy sources 

if present standards of living are maintained, jobs pro­

vided and a position of continued leadership in world af­

fairs. There are differences of opinions about how much 

energy will be needed and particularly over what the alter­

nate or promising energy sources are (American Petroleum 

Institute, 1977, p. 16). 

Fossil fuels have been the mainstay of American's en­

ergy system, accounting for 95 percent of the United States' 

energy consumption in 1973. Even with the unveiling of 

alternate sources such as nuclear power, fossil fuels will 

dominate energy supply at least until the turn of the cen­

tury. While oil is the most versatile, natural gas is the 

cleanest major energy source (Ford Foundation, 1977, 

p. 181). Most authorities agree that of the fossil fuels 

in the United States, natural gas is in the shortest sup­

ply. The bitter winter of l976-77 brought to light the 

fact of the domestic shortage of natural gas. The Federal 

Energy Administration (FEA) and many states have set pri­

orities for energy use with first usage being designated 

for space heatin~ for residences. ·Today natural gas is 

being used at nearly twice the rate which new reserves are 

being discovered (Weber and Feder, 1977, p. 8). Regulation 

of gas prices has been one of the biggest spurces of dis­

pute between Congress and the President. Presently, na­

tural gas that remains inside the state where it is 



produced is free from price controls, but gas that is 

shipped across state lines has a government price ceil­

ing (Time, 1977, pp. 85-86). 
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Coal resources are more abundant than either gas or 

oil and could meet energy needs for several centuries if 

ways could be found to extract it cheaply and safely with­

out ha~ming the environment. The sev~ral centuries that 

are agreed to be the outside limit for fossil fuels as 

energy sources are a short period in history (Weber and 

Feder, 1977, p. 11). 

Residential use of electricity has increased 129 per­

cent in the last decade. In 196i, 4,016 kilowatts per 

household we.re consumed and ten years later, 7, 379 kilo­

watts per household were consumed. This represented one­

third of the total electrical use in the United States 

(Montgomery, 1973, pp. 18-19). The net efficiency for 

electricity is a little more than 30 percent, with the re­

maining 70 percent being incurred through generation and 

waste heat. "The consumption of electricity is a key in­

dex to the rate at which the nation uses energy" (Udall, 

Conconi and Osterhout, 1974, p. 29). 

Steadman presented a system by which the losses in­

herent in the central generation of electricity can be 

cut. The "total energy" system in practice is to bring 

onto the site of a subdivision a miniature generating plant 

which supplies the needs of that development alone. The 
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The losses in power transmission are avoided and the heat 

waste can be used to supply water heating needs. The 

"total energy" system can best be used in mixed develop-

ments where the.heating and electrical demands can be 

spread more evenlyover the entire twenty-four hour period. 

Systems presently in operation are Rocheale Village in New 

York and at the HUD Jersey City "Operation Breakthrough" 

site, among other places (Steadman, 1975, pp. 23-25). 

The engineering consulting firm Hittman Associates 

studied the use of energi ih a "typical" house for a family 

of four in the Baltimore-Washington area. The study was 

conducted for the Department of Housing and Urban Develop­

ment (HUD) ·and the typical hous.e was defined as having 

1,500 square fe~t, two story construction with wood fram­

ing and storm doors and windows and good insulation. The 

study compared two houses, one all-electric and the other 

which used natural gas instead of electricity for major 

heating, cooking. and clotl;les drying purposes. Electricity 

was specified for all other purposes. The home using na-

tural gas used about half the energy that would be required 

if it were all electric. The major cut in energy use was 

in the central heating system. According to Clark (1974) 

all electric homes are being encouraged: 

Notwithstanding this potential savings in energy, 
the Federal Power Commission (FPC) continues to 
advocate the development of all-.electric homes, 
ahd predicts that construction of. electric homes 
will surge from the 1970 total of ·just over four 
million homes to twenty-four million in 1990. 



At the same time, natural gas has been increas­
ingly allocated, not for direct home energy 
purposes, but for burning at electric power 
plants. The FPC prediction that 40 percent of 
new dwellings in the 1970's and higher percent­
ages thereafter will be all-electric spells 
energy disaster, as the already overtaxed en­
ergy resources of this country are diverted 
into the production of wasteful electric power 
(p. 187). 
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According to projections of the National Energy Plan, 

if energy requirements could be reduced, then the United 

States will have the time it needs to develop alternate 

supplies of energy. Promising alternate sources include 

solar technology, use of geothermal, nuclear breeder, and 

nuclear fusion. The long term future for energy sources 

in America is uncertain; a variety of technologies are 

needed not only for the present but for the future (Na-

tional Energy Plan, 1977, p. X). The energy crisis is 

interwoven into the economy as well as the environment. 

The production of energy and its consumption is a complex 

blend which accounts for a significant share of the United 

States' economic activity and touches every part of Ameri-

can life (Udall, Conconi and Osterhout, 1975, pp. 136-137). 

The recognition of environment damage directly rela-

ted to energy consumption is a fairly new phenomenon. Each 

energy supply option is usually associated with certain 

factors that are harmful to the envirqnment. Competent 

controls to protect the environment are not without costs 

or controls. The question is then, what does a high energy 
' 

civilization do to continue to enjoy benefits from energy 
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and at the same time protect its people and planet (Ford 

Foundation, 1975, p. 179). 

Political and Economic Implications 

of the Energy Dilemma 

The energy crisis has been felt in every area of life 

during the past few years. According to Barry Commoner 

(1977): 

. energy supply problems have disrupted daily 
life; they have triggered an economic depression; 
they have led to a bitter confrontation between 
the industrialized countries and the developing 
ones; they have generated lightly disguised 
threats by the President and the Secretary of 
State to invade oil-p·roducing countries (p. 4) . 

During the early days of the oil embargo, President 

Nixon introduced the idea of "Project Independence" as. the 

answer to the U.S. energy crisis. In a national television 

address he stated that by 1980, America should be able to 

meet its energy needs from America's own resources. The 

solving of the energy crisis was such a complex problem 

that involved many areas of society that such a goal was 

impossible to reach (Udall, Conconi and Osterhout, 1975, 

p. 128). 

Energy prices were a central issue which provoked a 

strong policy debate between the Ford Administration and 

Congress in 1975. The administration wanted the government 

out of the pricing business, therefore letting prices rise 

to cut the eriergy demand. Congress believed that economic 

recovery should take priority over energy conservation and 



17 

that higher prices would begin another period of inflation 

and slow down economic recovery (Weber and Feder, 1977, 

pp. 12-13) . 

According to Commoner, all the sources of energy now 

used require a large investment of capital and if the U.S. 

continues to rely on these sources and the same economic 

theory, then energy will demand increasingly larger capital 

investment and higher selling prices. The present energy 

system, Commoner says, has a "built-in propensity toward 

inflation." 

Commoner further stated that the government, in offer­

ing tax incentives and facilitating financing for adding 

insulation and solar, would be very advantageous. Insula­

tion and solar heating are job creating programs involving 

many sectors of the contruction industry. These jobs 

would be a valuable aid in reducing the unemployed and in­

creasing the Gross National Product (Commoner, 1977, pp. 

13-15) . 

National Energy Plan 

Energy conservation currently implemented is fully in 

agreement with economic growth. Adjustments made in energy 

consumption now can prevent disasters in the future accord­

ing to the proponents of the National Energy Plan of Pres­

ident Carter. 

Conservation and fuel efficiency are the basics of 

the proposed National Energy Plan. Conservation is cheaper 



than the production of new supplies and can be a benefit 

to international stability by easing the pressure of the 

world's fuel supplies. According to Carter's Plan: 

Conservation and improved efficiency can lead 
to quick results. A significant percentage of 
poorly insulated homes in the United States 
could be brought up to strict fuel efficiency 
standards in less time than it now takes to 
design, license and build one nuclear power­
plant (National Energy Plan, 1977, p. 29). 
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Although conservation methods are relatively inexpen-

sive, they do call.for sacrifice on the part of the Ameri-

can people. According to basic theory behind the Energy 

Plan, if the American people are led to believe that they 

can obtain energy at a cheap rate, then they will continue 

to consume energy at a rate that the United States cannot 

afford to maintain (National Energy Plan, 1977, p. XI). 

· In the residential sector the greatest potential for 

the conservation of energy lies in space conditioning and 

water heating. Space conditioning accounts for 60 percent 

of the residential energy use. About 11 percent of the 

total energy consumption is used for.residential space 

heating. After the automobile, heating a home is the 

largest single energy consuming expense in the overall faro-

ily energy budget. In the 1960's air conditioning energy 

consumption increased by 81 percent. In 1972 nearly half 

the houses in the United States had room. air conditioners 

(Ford Foundation, 1974, pp. 49-51). 

Currently, there are approximately 74 million 
residential units in the United Stat~s, and 
1.5 million nonresidential buildings ·with 29 



billion square feet of floor space. Almost 20 
percent of U.S. energy is used to heat and cool 
buildings. Some of these buildings needlessly 
waste as much as half of that energy. The her­
metically sealed glass and steel skyscraper is 
the analogue of the gas-guzzling automobile. 
The energy efficiency of American buildings is 
a direct result of the cheap energy era in 
which most of these structures were built (Na­
tional Energy Plan, 1977, pp. 40-41). 

One form of conservation, not using energy in the 

first place, depends solely on voluntary choice by con-

sumers. A second form of conservation refers to govern-

mentally mandated levels of energy conservation. The law 
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setting the speed limit at 55 miles per hour as a national 

speed limit is an example of this. In the building indus-

try, codes requiring insulation and other energy saving 

techniques in construction would be an example of this. 

The matter of energy conservation is not so convenient 

when it requires an initial investment as in the case of 

when a homeowner adds insulation to an existing home (Weber 

and Feder, 1970, pp. 29-30). A recent study by Hirst noted 

that the combined effects Of rising prices, the Energy Pol-

icy and Conservation Act (higher efficiencies in·appli-

ances) energy conservation technology, and the Energy 

Conservation and Production Act (energy performance stand-

ards in buildings) ~11 together will have a positive effect 

in lowering rates of growth in residential energy demand 

(Hirst, 1976, p. 1248). 

For many decades energy has been priced at levels 

that have encouraged consumption. There have been rate 
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structures that have given lower rates to larger users. 

This has been one of the reasons why conservation measures 

have been delayed so long. In the past the American people 

have adopted ways of doing things that are energy intensive. 

Over 50 percent of energy consumed in the United 

States is discarded as waste. Energy can no longer be 

wasted. Conservation methods are needed to preserve cur-

rent dwindling supplies. · 

Conservation can be encouraged or enforced in 
many ways: (1) higher prices, changed pricing 
structures, and/or taxes on energy to discour~ 
age use; (2) education of users on the why and 
how of energy conservation; (3) tax incentives 
and subsidies to promote installation of energy­
saving equipment; (4) direct allocation of en­
ergy to users (rationing); and (5) technologi­
cal change to minimize energy use accompanied 
or not by mandated standards for energy use of 
selected goods (Rudd and Longstreth, 1978, 
p •. 40) • 

While potential for energy saving is great, there 

seems to have been little progress made in this area. In 

a· recent rederally sponsored study, Milstein (1977) con-

eluded that most Americans were aware of the energy crisis 

in America and were knowledgeable about the situation. 

However, there was a gap between what people said and what 

they did. "While 76 percent of those surveyed said they 

fa·vored sharing rides to and from work, only 10 8ercent 

did so" (Weber and reder, 1977, p. 31). From the study it 

would appear that large fractions of those surveyed did not 

know the basic facts concerning the energy dilemma. Also, 

the term "energy use" was equated with the American dream 
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of material possessions. Many were cynical about the prob-

lem and blamed politicians and big business. In brief, 

they were not convinced that a crisis existed (Weber and 

Feder, 1977, pp. 31-32). It is a serious mistake to regard 

energy conservation as an end in itself. Conservation is 

worthwhile as a way of alleviating the present shortages. 

Energy growth is desirable according to the Ford study be-

cause it gives us more goods and services and upgrades our 

standard of living (Ford Foundation, 1974, p. 11) • 

.. 
Energy Bills 

Bill HR 8650 (Energy Conservation Building Act of 

1975) directed the Secretary of HUD to develop energy con-

servation performance standards for building construction. 

In justification for the law Congress found that: 

Large amounts of fuels and energy are consumed 
unnecessarily each year in heating, cooling, 
and ventilating residential and commercial 
buildings because such buildings lack adequate 
energy conservation £eatures .... (Hearing, 
August 7, 1975, p. 11). 

The bill would encourage states and local government to 

adopt and enforce such standards through their existing 

building codes and other construction control mechanisms 

(Congressional Quarterly, 1975, p. 1662). 

The bill was strongly opposed by the National Associ-

ation of Home Builders. (NAHB) as well as the American In-

stitute of Architects {AIA). Speaking against the bill in 

a hearing was John C. Hart, 1975 First Vice-President of 
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NAHB and William Marshall, Jr., President of AIA. Mr. Hart 

said that at that time the building industry had been co-

operating with the American Society of Heating, Refrigera-

tion and Air Conditioning Engineers (ASHRAE) to develop a 

model set of energy conservation standards for new buildings 

and that the enactment of the Energy Conservation Act would 

disrupt the national voluntary effort (Congressional Hear-

ing, 1975, pp. 52-55). Marshall, in his opposition to the 

bill, said: 

Mandatory energy standards are the result of an 
attitude that says we cannot trust professionals 
and building owners and the normal workings of 
the marketplace to produce satisfactory solution 
(Congressional Hearing, 1975, p. 56). 

Marshall further proposed a program which would provide tax 

incentives that would stimulate greater innovation on the 

part of the industry. 

As passed by the House HR 8650 only encouraged and 

did not mandate development of the energy efficiency stand-

ards for new buildings. Many of those opposing its passage 

argued that even this bill threatened to impose a federal 

building code upon the nation. The bill was subsequently 

dropped in conference (Congressional Quarterly, 1975, 

p. 1944. 

In Oklahoma, Senate Bill No. 523, entitled Oklahoma 

Building Energy Conservation Act, was introduced into the 

second session of the 36th Oklahoma Legislature in January 

by Senator Bob Murphy of Stillwater. Th~ bill would ere-

ate the Oklahoma Building Energy Conservation Commission 
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which would consist·of six members representing different 

areas of the building industry. The act would be adminis­

tered and enforced by the State Fire Marshall. New build­

ings or proposed construction or alterations would have 

to be planned in accordance with the provisions of the 

Building Officials Code of America (BOCA) International, In­

corporated. A permit would have to be issued for construc­

tion. A political subdivision could, if it desired, enact 

rules and regulations which would have higher requirements. 

However, no municipality or subdivision would be able to 

enforce any ordinances that are less than the standards set 

by BOCA (Bill 523, 1978, pp. 3-9). 

The process of making energy decisions takes a consid­

erable amount of time. Many decisions require cooperative 

effort by private enterprise and government and lack of co­

ordination often produces delay. Research in the energy 

field is relatively new and even when new supplies or 

sources are found, the development time is long. For ex­

ample, there was a gap of twenty-five years between the 

founding of atomic power and the beginning of the first 

commercial nuclear plant (Ford Foundation, 1974, p. 5). 

~nergy Conservation in Building 

According to the Ford Energy Policy Project, three 

basic approaches ~an be taken to save energy in space con­

ditioning; improvrd building design; ~ore efficient systems 

for heating and cooling; and after 1985, the increased use 

of solar (Ford Foundation, 1975~ p. 49). 



24 

The greatest share of residential construction in any 

given y~ar is the direct result of increases in the number 

of households. Between 1970 and 1975 the number of house­

holds, 7. 5 million, accounted for 6 8 percent of the 11. 4 

million units built during the same time period. The Har­

.vard-MIT study of 1977 has estimated that approximately 

11.9 households will come into existence between 1975 and 

1985. This will call for new construction to accommodate 

this growing need for additional housing units. To meet 

this need the housing iridustry will have to build 2.0 to 

2.3 million units per year during this ten year span (Frie­

den and Solomon, 1977, p. 140). 

Buildings that are designed today ~n the middle 70's 

may be expected to have a useful life at least up to 2010 

and after. Steadman argues that perhaps buildings should 

be designed for longer life spans. Buildings are not like 

other products such as cars, where the technology can be 

rapidly changed (Steadman, 1975, p. 26). 

Regardless of the source of energy that the house uses, 

the actual shell of the house is very important in deter­

mining how much energy the home will require to heat or 

cool. A well-constructed house will require less energy 

because of less heat and cooling losses. The effects are 

more evident with air-conditioning, because heat gain will 

require more energy to operate the air-conditioning system 

(Clark, 1974~ p. 182). 
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Technology after World War II, along with a period of 

cheap energy, allowed architects and builders to disregard 

the environment and build structures that overcame climatic 

conditions by using larger mechanical conditioning systems 

(Architectural Forum, 1973, p. 62). Energy conserva-

tion in the residential and commercial sectors .is primarily 

a function of building design. Because of the structure 

of the industry, many builders, in trying to keep first 

costs low, have bypassed investments in insulation and 

other features that would be economical over the life of 

the building (Ford FO~ndation, 1975, p. 53). 

Building costs have risen 70 percent since 1966 and 

continue to rise at about one percent per month. A build-

er's preoccupation with the initial investment is of prime 

concern. 

First costs, however, are not an accurate indica­
ti6n of the cost of a building becau~e they are 
merged into a series of monthly payments, along 
with operating, interest and maintenance costs. 
Life-cycle costs, on the other hand, reflect the 
cost of a building to an owner over its entire 
lifetime and allow an architect and owner, 
among others, to evaluate the trade..:.offs between 
a system or building that is inexpensive to build 
versus one that is inexpensive to operate (AIA, 
1976, p. 10). 

Life-cycle costs consider the total costs of construe-

ting, owning and operating a building over tis entire esti-

mated lifetime. The rising cost of energy plus the shortage 

is provoking builders to look at various tradeoffs. But 

the tendency.to keep first costs low has been reinforced 

by the enormous rate of inflation in the cost of building. 
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For builders there is the real difficulty or raising the 

extra capital to pay for initial energy conserving invest­

ments (Steadman, 1975, p. 44). 

Calculations must be made that analyze the cost 

against the benefits. If benefits exceed costs, then the 

e~tra money in energy saving features is justified. Time 

to recoup capital investment calculates the time required 

to gain back an investment through annual operating and 

maintenance costs, which are then used to pay the interest 

required to amortize a loan for the initial investment. If 

this time is less than the estimated life of the building, 

then the investment is justified. Much of residential 

building is speculative in which the primary motive is to 

keep first costs low. According to American Institute of 

Architects, "energy conservation has very few buyers right 

now" (1976, p. 13). The Institute also stated that unless 

the homebuying public begins to demand housing units that 

have energy saving features or unless there is some form 

of regulation imposed upon builders, then there is little 

desire for the homebuilder to reduce energy consumption 

through design changes (AIA, 1976, pp. 11-13). 

In energy conservation,· one of the problems is that 

many consumers are not aware of the energy saving opportun­

ities, many of which do not even add to first costs. The 

report by the Ford Foundation suggested that adequate in­

formation made available to the consumer would have an im­

pact on the energy use in building design. The building 



construction industry is a fragmented industry and as a 

result the technicai ability is not coordinated to de-

velop and implement improvements in methods and techni-

ques. Because of the building industry's problem in 
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gaining access to capital, it has emphasized keeping first 

costs as low as possible. In few instances does the av-

erage builder have the capital to implement new systems 

or take a chance·on installing energy features at his 

own risk (Ford Foundation, 1975, pp. 53'-54). 

The nature· of high energy American society, in par-

ticular the economic system, encourages waste through 

incentives for first cost purchase as opposed to life-

cycle costing. The initial cost of a home with energy 

saving features will be higher but over the lifetime of 

the.home, less money will be spent to heat and cool the 

home (Clark, 1974, p. 183). No factor in energy con-

servation is more important than comprehensive planning 

before a structure is erected. Buildings today can be 

built with measures that reduce energy consumption by 

as much as 50 percent (Architectural Forum, 1973, p. 64). 

Buildings should have an energy budget so that the 

various energy cortservihg feature~ of a structure inte~ 

grate and comple~ent each other. Many older buildings 

were planned without taking into consideration· the en-

vironment. Bu,ilqers and architects today need to. learn 
I 

to take advantage of the natural environment that will 



save in energy consumption by suiting the structure to 

the local conditions (Udall, Conconi, and Osterhout, 

p. 214). 

Construction Practices 

Insulation 

Insulation is any material that reduces the passage 

of heat through building elements. It does not heat or 

cool, but it does restrict the flow of heat out of areas 

that .one is trying to· keep warm or into spaces one is 

trying to keep cool. Insulation is a one time invest­

ment which shows up in dividends in the form of lowered 

utility bills. 

The R-value designates the ability to retard heat 

flow in a building element.· The higher the R-value, 

the more effective the insulating material. rnsulation 

should be purchased according to the R-value and not 

the thickness (Cooperative Extension Serivce, OSU, n.d., 

p. 99) 0 

Two primary benefits of insulation are: economy of 

operation and comfort. The cost of space conditioning 

is directly related to the total heat loss and heat gain 

of the dwelling. U-value is used to designate the total 

heat transmission rate of a building element. The lower 

the U-value, the higher the insulating value. 
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The rate of heat flow U through the wall without 
insulation is 0. 2 5 British The:rmal Units per hour 
per square foot of wall for each degree of temp­
erature. For the insulated wall the heat trans­
fer rate is 0.07 BTU--a reduction of more than 
two-thirds in the amount of heat loss or gain due 
to the wall (NAHB, 1971, p. 8). 

Insulation helps to make a home more comfortable be-
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cause the temperature differences of room to room and floor 

to ceiling will be more uniform than they would be without 

insulation. Insulation also heps reduce drafts that are 

produced by convection currents generated by interior sur-

face air temperature differences. Insulation reduces the 

cold wall effect. Interior surfaces of uninsulated frame 

or masonry exterior walls can be 8°F to l4°F or more than 

insulated walls in winter. Proper insulation in building 

elements increases the interior surface temperature in 

winter and lowers it in summer. In winter people feel more 

comfortable because the human body loses less of the heat 

it produces to maintain a constant temperature. If heat is 

lost too rapidly by radiation to a cold wall, ceiling or 

floor, a person will feel cold. In the summer the reverse 

works because insulation lowers the mean radiant tempera-

ture. wpen wall, ceiling or floor surfaces are relatively 

cold, most people will raise the thermostat higher in order 

to be more comfortable. Insulation enables one to be 

equally comfortable at lower air temperatures. At an out-

side design temperature of plus l0°F, a 3-degree lower 

thermostat setting will save more than 5 percent of the 



30 

yearly heating cost. The same principle works in reverse 

in swnmer (NAHB, 1971 ,. pp. 8-9) . 

Of all the designs for reducing energy consumption in 

buildings, thermal insulation is the most effective and the 

most generally applicable. According to Griffin, it prob­

ably yields the greatest long term economy of any capital 

investment made in a building. Fast rising energy costs 

are constantly raising the economic levels of thermal in­

sulation. The other benefits of thermal insulation besides 

comfort and economy of operation are prevention of conden­

sation on interior surface~ and reduced heating, ventilat­

ing, and air-conditioning capacity (Griffin, 1974, p. 47). 

Insulators are compared to each other by the term 

resistance .. A material with a resistance of "5" per inch 

of thickness would retain heat five times better than a 

material with a resistance of "1" per inch of thickness 

(Eccli, 1976, p. 204). Three laws concerning heat and· 

cold play important roles in insulation. Conduction is 

the flow of heat through a solid material. It is gener­

ally the prime mechanism for transmitting heat through the 

building system. Conduction depends primarily on "direct 

contact between vibrating molecules transmitting kinetic 

energy directly through the material" (Griffin, 1974, p. 

52). The primary function of thermal insulation is to 

resist heat transmission by conduction. Convection re­

quires air to move heat energy from one place to another. 

Warm rises; therefore, insulation in the ceiling.will 



minimize loss of heat. Caulking and sealants protect 

against convective heat loss. Radiation is the process 
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by which heat is transmitted across air spaces. In the 

winter, a house radiates heat to the cold outside. In the 

summer, the process works in reverse so insulation can pro­

tect the inside of a house from the effects of radiation 

(Griffin, 1974, pp. 49-52). 

There are four types of insulation normally used in 

residential building. These types include: batt or 

blanket; fill type; rigid board; and blow insulation. 

Batt or blanket is produced in various thicknesses and in 

widths from 16 to 24 inches to fit between wall studs or 

ceiling and floor joints. They may be purchased with or 

without a vapor barrier. The fill type insulation is 

available in glass fiber, mineral wool, vermiculite and 

cellulose. It is primarily used in existing wall construc­

tion and ceilings. The fill type tends to settle in time 

and this factor might make it a poor choice for new con­

struction (Cooperative Extension Service, Oklahoma State 

University, n.d., pp. 143-144). A new type of fill insula­

tion recently introduced into the market is "foamed in 

place Urea-formaldehyde." Presently, it is expensive but 

is an excellent material for insulating the walls of older 

homes. Some of the foams are not fire resistant and may 

be likely to give off toxic fumes in a fire (Cooperative 

Extension Service, osu, n.d., p. 144). 
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Fiberglass is probably the most common of all the in-

sulating material today. It is fire proof and moderate in 

cost and has all the properties of glass. 

Glass fibers are made by drawing molten glass 
through hundreds of small orifices that shape 
the glass into filaments smaller than human 
hairs (Owen-Corning, 1975, p. 1). 

Cellulose is fire and moisture resistant, but its 

effectiveness as insulation over a long term is not known. 

Cellulose has about 20 percent higher resistance to heat 

and conduction than mineral wool or fiberglass. If space 

for insulation is limited, this may be an important consid-

eration (Cooperative Extension Service, OSU; n~d., p. 100). 

Rigid insulation is of a board type construction and 

may be wood, vegetable, glass or formed plastics. It has 

structural strength and can be used also as sun-siding. 

It varies from other types of insulation in that it is more 

dense and has a lower R-value. It is primarily used along 

the perimeter edge of slab floors and roof deck insulation. 

Polystyrene is available in thickness up to eight inches. 

Because it is plastic, its R-value is higher 9er unit of 

thickness than fiberglass, rock -wool or cellulose. Most 

building codes require that polystyrene must not be left 

exposed. If used on exterior walls, the siding must cover 

it. For perimeter slab where moisture may be a problem, 

high den,ity polystyr~ne is most often used (Hudson, 1977, 

pp. 75-76). 
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Blown-on insulation has been most popular in commer­

cial building but it can be used in homes to insulate con­

crete walls, basements and wall sections. It comes in 

many forms from wood to foams. Building codes should be 

checked before use of blown-on insulation is used (Cooper­

ative Extension Service, OSU, n.d., p. 144). 

The amount of insulation to .use depends on a variety 

of factors which may vary from location to location. The 

ju.stification of the use of more insulation may be based 

on the desire for a higher reduction in heat in space con­

ditioning costs and the desire for a higher degree of com­

fort. Higher fuel· and energy rates, lower first cost of 

insulation, severe heating or cooling seasons, lower inter­

est rates and longer mortgage terms are variables that fig­

ure in the use of more insulation. However, on the other 

hand, mild heating and cooling seasons, lower energy rates, 

higher first cost of insulation, higher interest rates and 

short~r mortgage terms tend to ihdicate the use of less in­

sulation. The amount of insulation also depends upon the 

design features of the house plus marketihg considerations 

and consumer preference. While the ceiling is the most 

important place ip which to put insulation, insulation in 

the walls makes a significant amount of difference in heat 

loss and heat gain. In preparing the manual on energy ef­

ficient housing construction and design, the Research Foun­

dation of NAHB made calculations of energy savings based 

on a 1,600 sqriare foot house, one story, single detached. 
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Calculations were figured on, a zero design temperature of 

70 degrees and savings stated are based on this figure. An 

R-19 insulation instead of R-11 in walls with 2 x 6's, 24 

inches on center, would reduce energy consumption by 1950 

Btuh {NAHB, 1971, p. 11). 

Energy conservation must be evaluated by both the in­

itial cost and the life-cycle cost. Failure to quantify 

the life cycle impacts of energy designs in building can 

lead to false energy economies {Bernstein, Reed and Aleriza, 

1976, p. 440). · The installation of insulation must be mea­

sured strongly against the climate conditions. There is a 

point of no return of the investment in insulation. Up­

grading insulation can reach a point of diminishing returns. 

Many think that more is better but this is true only up to 

a point or specified R-value for various building elements. 

The optimal recommended R-values for Oklahoma are: ceiling 

--R~3o, exterior walls--R-19 and perimeter slab--R-7.5 

{NAHB, 1977, pp. 4-6). Any additional construction costs 

for energy conserving options must be judged accordingly. 

The Federal Housing Administration guidelines for in­

sulation in 1965 permitted heat losses as high as 50 Btu's 

per square foot of floor space per hour. Revised FHA 

standards in 1971 reduced this loss somewhat, but according 

to one official, almost none of the buildings in use today 

meet the new standards. Many older buildings have little 

or no insulation. 



Even the revised guidelines do not require the 
economically optimum amount of insulation, ac­
cording to a study by John Moyers of Oak Ridge 
National Laboratory. From calculations for 
model houses in three different regions of the 
country--Atlanta, New York and Minneapolis-­
Moyers finds that additional insulation in 
walls and ceilings, weather stripping, foil 
insulation in floors, and in some regions, 
storm windows can be economically justified. 
These improvements, in addition to saving the 
homeowner money, could save an average of 42 
percent of the energy used for space heating 
alone, compared to that used in houses meeting 
the pre-1971 FHA guidelines (Hammond, 1976, 
pp~ 61-62) •· . 

Most homes built before 1965 have about 1-1/2 inches 
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insulating materials in the ceiling, none in the walls and 

floors, and single glass windows. Attic insulation which 

many homeowners could do themselves would cost about $200 

in an average home (1,600 square feet of floor space) and 

would pay for itself in twoto five years, depending upon 

the ciimate (Fowler, n.d., p. 2). 

According to a recent House and Homesurvey, 91 per-

cent of ~11 the builders reported that they are upgrading 

the insulation in their own homes or the homes they are 

building. In the first half of 1977 nearly three million 

homeowners added attic insulation, compared with 750,000 

in the same period of 1976 (Hudson, 1977, p. 70). 

Vapor Barrier 

A vapor barrier is used in conjunction with insulation 

to decrease the chance of moisture condensing inside a 

building section in the winter. The importance of vapor 
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barrier increases as the outside temperature becomes lower 

(NAHB, 1971, p. 12). Vapor barrier restricts the passage 

of moisture through walls and ceilings which would break 

down insulation. It protects against mildew and rot as 

well as protecting the insulation. In order to be effec­

tive, the vapor barrier must be continuous and cannot have 

tears or holes. It must always be placed next to the liv­

ing area or the warm side of a wall, ceiling or floor (Co­

operative Extension Service, OSU, n.d., pp. 139-142). 

Ventilation 

Energy efficiency in attic design requires one square 

foot ventilation for each 300 square feet of ceiling. Ac­

cording to the NAHB, sufficient dat.a are not available to 

determine the contribution of attic ventilation to reducing 

the heating load. Actual reduction of the heating load is 

affected to a great extent by the amount of attic insula­

tion used (Johnson, 1977, p. 14). 

Heat from the sun can increase attic temperatures up 

to 40 degrees Fahrenheit hotter tha.n the outside air. With 

an attic fan, the heat flow downward into the house can be 

reduced by more than·one-half. Since moisture can condense 

in the attic and reduce the effectiveness of insulation, it 

is very important that ventilators beneath the roof over­

head are free from obstruction (U.S. Department of Commerce, 

1971, pp. 9-10). An attic fan can cut down the number of 

hours needed for air conditioning when the outside air 



cools. Attic ventilation also serves to allow moisture 

vapor to escape, thereby minimizing the need for winter­

time condensation (Owens-Corning, n.d., p. 2). 

Space Conditioning 
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Space heating, ventilating and air-conditioning (HVAC) 

account for more than 20 percent of the nation's total en­

ergy consumption. This is a prime target for energy con­

servation because space conditioning uses ten times as 

much energy as is consumed by lighting (Griffin, 1974, 

p. 21). The energy consumption for heating and cooling is 

approximately equal to the amount of fuel that a medium 

size automobile uses in a year (1,000 gallon of gasoline). 

On a national basis the energy for home heating exceeds 

that for cooling by 11 to 1 (Eccli, 1976, p. 223). 

Oversized equipment operating below capacity operates 

less efficiently than properly sized equipment at rated 

capacity. The more often the system cycles, the greater 

loss of heat up the chimney. For an average house, an 

oversized system can waste up to 10 percent of the annual 

heating fuel bill. According to Eccli, it is often diffi­

cult to find a furnace that is not too large for a small 

insulated house (Eccli, 1976, p. 225). The NAHB Research 

Foundation has stated that one of the most frequent mis­

takes that builders and consumers make in the field of 

space conditioning equipment is to think that bigger is 

better. 



One of the most important energy conservation mea­
sures that can be taken is to carefully determine 
the heat loss and heat gain requirements of the 
dwelling and install equipment no larger than that 
required. Oversized equipment results in short 
periods of operation, poor comfort conditions, 
lower seasonal efficiency and more energy consump­
tion (Johnson, 1977, p. 16). 
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Electric resistance heating uses much more raw energy 

than oil or gas systems. Electric heat is much more expen-

sive also. If using electricity for space conditioning, a 

heat pump is more economical. The heat pump is basically 

a refrigeration system for heating and cooling. Overall 

consumption of raw energy is about one-half to one-third 

as much as with electric resistance heating (Eccli, 1976, 

p. 227). 

The sizing of heat pumps should be based on analysis 

of both the heating and cooling load. In determining the 

size, more consideration is given to the dominant load but 

attention is also given to the "heating load output of the 

heat pump at average outdoor temperatures for the local 

climate, depending on manufacturer's performance curves" 

(Johnson, 1977, p. 18). 

An air conditioner's Energy Efficiency Ratio (EER) 

indicates a unit's cooling capacity divided by the number 

of watts required to operate it. The higher the EER, the 

less the unit costs to run and the greater the energy sav-

ings. For energy efficiency the model with the highest EER 

for the size of space to cool should be used. An oversized 

unit goes on and off frequently. It lowers the temperature 
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quickly, but does not remove the humidity. An undersized 

unit runs constantly but does not properly cool. The air 

conditioner condenser should be protected from the direct 

sunlight; usually the north side of the house is considered 

the best location {Cooperative Extension Service, OSU, 

.· n.d., p. 130). 

Ducts should not be run though non-conditioned spaces, 

but if necessary, ducts should be well insulated. The un­

dersizing of duct work reduces the efficiency of the overall 

system {Johnson, 1977, p. 15). 

The furnace location should be installed in a place 

where it will be easily accessible so that filters can be 

changed regularly. Clogged filters reduce the energy effi­

ciency for space conditioning {Johnson, 1977, p. 17). 

The location of the hot water heater should be in the 

area of the greatest use of hot water in the home. Hot 

water pipes placed in unheated ~reas will reduce energy 

efficiency. If pipes must be placed in unheated spaces, 

then the pipes should be insulated {Johnson, 1977, p. 19). 

Framing Practices 

In framing p~actices many builders have begun to use 

2 x 6 on 24" centers instead of the traditional 2 x 4 on 

16" centers. More initial insulation can be used with 

2 x 6 studs but the same R-values can be obtained with 

2 x 4 framing practices. According to the NAHB Thermal 

Performance Guidelines, the eliminating of unnecessary 



framing members in construction will help to reduce heat 

loss and heat gain. Some framing practices recommended 
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are 2-stud corners, drywall back-up clips at partition 

intersections and the use of plywood box headers filled 

with insulation (NAHB, 1977, p. 10). In conventional fram­

ing 3-stud corners did not permit use of insulation in the 

corners resulting in a cold corner effect. With 2-stud 

corners insulation can be placed in hard to reach places 

such as corners. Drywall back-up clips are used to hold 

the sheetrock in 2-stud corner intersections. Plywood box 

headers are used above windows and filled with insulation. 

There is another factor to be considered in using 

2 x 6 studs. Wood studs conduct more heat than the insul­

ation which is placed in the space between them, so the 

entire walls will lose less heat than it would with 2 x 4 

on 16 inch centers. The extra two inches of space that the 

2 x 6 provides for insulation reduces the heat loss on the 

order of js percent (Eccli, 1976, p. 211). 

Design Features 

House Desigri 

The consumption of energy can be reduced by lowering 

the ratio of exterior walls to the floor area. Unusual 

shapes such as T, H or L shaped houses use more energy than 

rectangular houses with the same amount of floor space 

(NAHB, 1977, p. 10). 



Theoretically, a two-story, square house has the 
least heat loss, but with R-11 and R-19 insula­
tion use in the walls and ceilings respectively, 
a one-story home, relatively deep front to back, 
has essentially the same heat loss as a two­
story home (Johnson, 1977, p. 4). 
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Reducing the ceiling height in houses will conserve energy. 

NAHB suggests reducing the wall height from 8 feet to 7'6" 

(NAHB, 1977 1 p. 10). 

Windows and Doors 

Air leakage through glass walls chiefly concerns the 

problem of window desing--operable versus fixed windows. 

Double hung windows allow for less air leakage than other 

types. Sliding glass doors are not very energy efficient. 

Operable windows should be limited to a minimum number that 

is necessary for natural ventilation (Griffin, 1974, pp. 

71-72). A window that is poorly fit and not weatherstripped 

will allow five and a half times as much air infiltration 

as a well fit window which is weatherstripped. Storm win-

dows reduce heat loss plus air infiltration. Storm doors 

will reduce the BTU's requirements by 1100 in the average 

size house of 1,600 square feet (Johnson, 1977, p. 9). 

Air leakage through loosely fitted doors and window 

frames increases energy use daily. Weatherstripping and 

caulking can cut heat loss by 15 to 30 percent (Griffin, 

1974, p. 116). 

Storm windows and storm doors cut heat loss by ere-

ating dead air space between exterior and interior windows 
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and doors. This air space (at least 3-4 inches) is the 

actual energy saver. Windows and doors cover 20 percent 

of the sidewalls in an average home and heat losses from 

these two may be responsible for as much as 50 percent of 

the utility bill. It is estimated that storm windows arid 

doors will pay for themselves in seven to ten years or 

less, depending on energy cost. After that they will re-

turn a dividend of 13 to 18 percent (Cooperative Extension 

Service, OSU, n.d., pp. 93, 94). 

Shading southern exposed glass with an overhang is an: 

important way of reducing heat gain. in the summer without 

losing heat gain in the winter. 

·At the 35-degree latitude (North Carolina, Oklahoma, 
Las Vegas) a 2 8-inch overhang will completely shade, 
in the summer, floor to ceiling glass have a south­
ern exposure and reduce heat gain 50 percent on 
that glass (Johnson, 1977, p. 8). 

Plain glass windows provide little thermal protection 

for a home. Insulat~ng glass reduces the transfer of heat 

between the inside of a dwelling and the outside, which will 

result in lower utility bills· (Lewis, 1978, p. 196). The 

window area of the typical house is probably equal to about 

15 percent of the floor area and could be reduced to around 

10 percent under most codes. When reducing window area, 

the sill height should be raised. This is advantageous be-

cause it retains the upper part of the window, which pro-

vides better natural light and it helps reduce heat gain 

in the summer because the upper part of the window can be 

shaded by an overhang (Johnson, 1977, p. 5). 
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Glass should be minimized on the east and west walls. 

A large amount of glass on the south sioe provides some 

solar heating (NAHB, 1977, p. 10). Glazing represents the 

largest single factor affecting building heat loss and gain 

and glazing has the greatest potential for conservation 

(AIA, 1974 I p. 37). 

Insulating glass formed by double pane enclosing an 

air space, doubles the thermal resistance of glass (Griffin, 

1974, p. 66). Double or triple-pane glass can reduce 

thermal transmiss~on by as much as 80 percent over conven­

tional single pane glass (AIA, 1974, p. 39). Windows on a 

per square foot basis, lose five to ten times more heat 

than do the walls or ceiling of a home. Adding storm doors 

or double panes to windows would be as efficient as adding 

two inches of insulation to walls and ceiling (Eccli, 1975, 

p. 125). 

Garages and Carports 

Garages and carports can help reduce the energy demand. 

In cold climates the garage should be placed on the north, 

northeast or northwest. In hot climates it should be 

placed on the east or west side (Johnson, 1977, p. 10). 

Site Orientation 

New housing can be planned to fit the environment. 

Large glass areas should be avoided on a side exposed to a 

cold north wind (Wyatt, 1976, p. 300). A minimum of glass 
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on the north wall in a colder climate should be considered 

in the design of housing because building suffers greatest 

heat loss there (AIA, 1974, p. 32). According to the NAHB, 

homes should be oriented with the ridges running east to 

west rather than north to south (NAHB, 1977, p. 10). 

Building design that ignores the natural environment 

will have to use more energy to compensate. "The sun is 

perhaps the single most important natural element to con­

sider in building design (AIA, 1974, p. 25). The sun 

strikes the east and west walls longer and more fiercely 

than a south wall. Skillful planning of building, top­

ography, trees, shrubbery and other natural features in 

residential construction will save a considerable amount 

of energy (Griffin, 1974, p. 38). Overhangs when properly 

designed can take advantage of the sun in the winter for 

heating and block out the sun in the summer (Whatt, 1976, 

p. 300). Overhangs are 70 to 80 percent effective in re­

ducing heat gain through the glass (Department of Commerce, 

1971, p. 7),; 

Fireplaces 

D. G. Harvey of Hittman Associates, in a study for 

the Department of Housing and Urban Development and the 

National Science Foundation, found that unused fireplaces 

were a major source of energy loss~ Harvey stated that 

heat recovery devices could reduce flue losses in the 

( 
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heating system and improve the overall gas furnace effi-

ciency by as much as 12 percent (Hammond, 1976, pp. 62-63). 

Improperly designed and made fireplaces result in 

significant heat losses. Devices for heat recovery and 

recirculation .of air will aid in efficiency. Outside air 

supplied to the firebox will reduce heat loss. When the 

fireplace.is not in use, light fitting dampers and glass 

door~ should be installed for reduction of heat loss (NAHB, 

1977, p. 10). 

Restraints 

Building code restrictions have an impact on the im-

plementation of new technology in the construction industry. 

While most major cities have their own building code, 

smaller cities or communities may utilize one form or 

another of one of the four major regional "model" codes in 

use all over the country. Most codes are specification 

rather than performance in their operation. Most codes 

tend to favor existing products and techniques over the 

newer ones. Builders are reluctant to try out anything 

new if it requires approval before it can be used. Build-

ing codes can be a deterrent to the implementation of new 

techniques which might save energy in the design and con-

struction of building. 

Finally, we conclude that there is a need to 
establish energy performance criteria which 
would limit the amount of energy a building 
would require over the course of a year. This 



can be in the form of maximum usable watts/ 
square foot or BTUs/cubic foot of building 
space. It seems unlikely that any other 
form of constraint would be able to have as 

.immediate an energy-conserving effect upon 
hew construction (Schoen et al., 1975, p. 98}. 

Economic issues have inhibited wider use of energy 

designs and features in the past. The economic risks are 
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probably the greatest for builders. The higher first costs 

associated with the use of energy conserving features may 

be absorbed by the builder if the buyers are not willing 

to pay extra for these features. There is also the risk 

facing the builder that there will not be enough raw en­

ergy to operate equipment within the housing (Schoen et al., 

1975, pp. 107-109). 

Builders of energy efficient housing often complain 

that lenders or.mortgage bankers underestimate the impor­

tance of energy saving homes when evaluating buyers' quali-

fications. A survey on energy lending programs revealed 

that builders may be complaining l~ss about lenders' prac­

tices. The survey of 656 savings and loan associations 

andmutual savings banks showed that almost 40 percent of 

the institutions now encourage mortgage loans on energy 

efficient homes. The survey was conducted by the Savings 

Institutions Marketing Society of America ·(SIMSA). The 

company's research director said that two key factors have 

convinced lenders that this is a good policy. 

First, lenders believe energy-efficient homes 
wi 11 in·crease in value more rapidly than homes 
without energy-saving features. Second, they 
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see ever increasing utility bills affecting ad­
versely the ability of borrowers to meet monthly 
mortgage payments (Professional Builder, 1978, p. 69). 

Some lending institutions are distributing information on 

energy conservation construction which is mostly supplied 

to them by utility companies and the government. One lend-

ing institution has been offering loans for insulation ret-

rofit at an annual percentage rate of nine and a half. 

Some 13 percent of the lenders surveyed have assigned per-

sonnel to work with borrowers and builders interested in 

energy conservation (Professional Builder, 1978, p. 69). 

Energy Guidelines 

The first comprehensive and nationally applicable de-

sign standard for energy conservation in buildings was 

ASHRAE 90-75 (American Society of Heating, Refrigerating 

and Air-Conditioning Engineers) entitled "Energy Conserva-

tion in New Building Design." The guide was finalized in 

1975 and was directed toward the design of building systems 

with adequate thermal resistance and the design and selec-

tion of space conditioning and illumination systems which 

would use energy more efficiently. The standards are vol-

untary. ASHRAE has sponsored several seminars to acquaint 

professionals and code enforcement officials with the pro-

visions in the Standard 90-75. Standards set forth in the 

guide are performance oriented rather than prescriptive 

(Heldenbrand, 1977, pp. 9-11). 



The Code of Energy Conservation in New Building Con­

struction is a code for energy efficiency in building put 

together by the National Conference of States on Building 
. . 

Codes and Standards, Inc., (NCSBS) and the United States 

Department of Energy (DOE). The code is very similar to 

ASHRAE and is a performance oriented code. The code is 

intended to provide flexibility in permitting the use of 
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innovative approaches to achieve energy conservation (BOCA, 

1977, p. 2). 

The 1976 Minimum Property Standards (MPS) issued by 

the Department of Housing and Urban Development (HUD) were 

devised to limit heat transmission through exterior walls, 

floors~ and ceilings. A current research study found the 

MPS to be most effective in reducing annual energy consump-

tion, particularly in the area of space heating (Helden-

brnad, 1977, p. 16). 

The most comprehensive program of code development, 

according to Heldenbrand, is that sponsored by the Energy 

Research Development Agency (ERDA). It involves the Na-

tional Conferenc~ of States ori Building Codes and Stand-

ards (NCSBCS) as the prime contractor with a model code 

(BOCA, ICBO, SBCC and the National Academy of Code Admin-

istrators (NACA) as subcontractors). ERDA is reported to 

be developing and testing· energy conservation educational 

programs for state and local building officials (Helden-

brand, 1977, p. 16). 
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The NAHB has developed voluntary eriergy conservation 

guidelines for new home construction. The guidelines 

called Thermal Performance Guidelines of One and Two Family 

Dwellings provide builders with a design procedure that can 

be used to develop a balanced package of energy conserving 

techniques (NAHB Guidelines, 1977, p. 1). The guidelines 

were introduced at NAHB's 1977 fall board of directors 

meeting in San Anton-io, where acceptance was unanimous. 

Here is a simple and systematic approach (to 
energy conservation) based upon performance engin­
eering, that can be applied to all residential 
construction. It eliminates the guesswork for 
both builders and buyers (NAHB, 1977, p. 49). 

The guidelines are based on an energy index, and the 

energy index is based on local climate (expressed in heat-

ing degree days and cooling annual hours), local fuel 

costs and the efficiency of the space conditioning system. 

The booklet form guideline includes a worksheet for cal-

culating the energy index_ which will vary from city to 

city. After a builder has figures the local energy index, 

he can use the graphs to determine which R-values of in-

sulation to use. Using the worksheet, the builder can 

figure whether or not the practice saves enough money to 

justify the increased cost for construction. 

An energy conservation technique is considered cost 

effective if the homebuyer can recoup the add-on construe-

tion costs through energy savings in less than seven years. 

By using the guidelines a builder can evaluate the cost 

effectiveness of 19 energy conservation insulation practices. 



According to the NAHB, the guidelines generally meet or 

exceed local energy requirements, as well as ASHRAE 90-75 

{Professional Builder, 1977, p. 49). 
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Besides the nineteen items covered in the bar graphs, 

there are pointers on other techniques that will help 

builders increase the energy efficiency of their new con­

struction. According to the NAHB, the guidelines, based on 

performance engineering, can be used in any area of the 

country and permit freedom of choice in selecting the 

make-up of the total energy package. In the development of 

the guidelines, NAHB discovered that from a cost-effective 

standpoint many builders may have been going too far with 

energy saving {Housing, 1977, pp. 8-20). 

In order to better aid their members in building more 

energy effici~nt housing, NAHB prepared a book on Designin~ 

Building and Selling Energy Conserving Homes for use all 

over the country in seminars designed to give builders 

enough information about energy conservation so they will 

be able to make sound decisions on what to incorporate into 

new construction. For builders who do not have time or will 

not take the time to figure energy conser~ing features, 

Johnson {president of the NAHB Research Foundation) pro­

vided a check list 6f features that would be cost effec­

tive in most typical homes {Scope, 1977, p. 46). 

The NAHB Research Foundation has instituted a program 

of checking insulation and then labeling it according to a 
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performance test. If it meets specifications, then it will 

be stamped with a label assuring the buyer of thermal value. 

R-value of samples are independently and randomly selected 

and tested for thermal properties in the research labora­

tory (Builder, 1978, p. 102). 

Oklahoma Gas and Electric, in attempts to cut back on 

energy consumption, has certain features called "minimum 

design features," which, if a home has these features, 

qualifies it for the designation by Oklahoma Gas and Elec­

tric of "Energy Savings Home." Minimum design features 

that a builder or owner must include are: (1) properly 

installed electric heat pump and duct system, (2) double 

pane or storm windows, (3) storm doors or foam-filled 

metal door with R-value of R-10, (4) ceiling insulation 

with R-value of R-30, (5) raised floor or floors under un­

insulated area with insulation of an R-value of R-19, 

(6) wall insulation properly installed with an R-value of 

R-19 and (7) perimeter insulation for slab floor construc­

tion with R-value of R-7. If the homes do not fulfill the 

requirements of items 6 and 7, the ceiling insulation 

should be increased. Insulation in the wall cannot be less 

than R-15 and the total R-value of the wall and the ceiling 

must be equal to or exceed R-49. 

Besides these features regarding insulation, space 

conditioning doors and windows, Oklahoma Gas and Electric 

recommends other design features to increase energy sav­

ings. Some of the itmes are glass area equal to eight 
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percent or less of floor space, vapor barrier, fir~places 

with glass doors and an outside air supply and a power 

attic ventilator. Oklahoma Gas and Electric has cond~cted 

surveys on houses with these features by checking utility 

bills and has figures to document the savings (Oklahoma 

Gas and Electric, personal correspondence, January, 1978). 

Energy Studies 

In a study by Peterson, the thermal design of new 

single family housing in relation to climatic and economic 

variables was studied. The optimal design of energy con­

serving housing varies significantly with variations in 

climate and energy prices. w"'hile optimal use of energy 

conservation techniques will increase the purchase price 

of a house, informed homebuyers will realize that the in­

crease in monthly mortgage payments will be more than off­

set by reductions in month:)..y utili,ty costs and by the 

likely increase in the resale value of the house (Peterson, 

1976~ pp. 446-452). 

Energy conservation evaluation of building components 

must include both engineering analysis of in structure per­

formance and life cycle analysis of all energy related 

factors. The failure to quantify the life cycle impacts 

of conservation designs can lead to false energy economics 

(Bernstein et al., 1976, p. 440). 

Multiplex Home Corporation in Michigan offers not one 

but six optional energy saving packages. The company's 
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director of marketing and sales, Lawrence R. Rospierski, 

said that more and more homebuyers are becoming sophisti­

cated about energy conservation. He said that consumers 

realize that an energy efficient home will maintain its 

resale value. However, most buyers are sticking with the 

lower cost energy options. According to this company, the 

most important features in the en'ergy packages are in­

creased sidewall and ceiling insulation (Professional 

Builder, 1977, p. 60) • 

. The Scarborough Corporation building in New Jersey 

began offering an optional energy saving package in March 

of 1977. The added cost for the conservation features was 

quite substantial: from $1500 to $1800 per unit. None­

theless, 95 percent of the buyers of this company's homes 

are opting for the energy package. Many of the buyers 

bought a smaller house so· that they could afford. the en­

ergy package. The building company claimed that the En­

ergy Plus Pak will reduce heating and cooling costs by 

about 40percent. If this is true, the energy package will 

pay for itself in four years (Professional Builder, 1977, 

p. 63). 

In a survey conducted by Professional Builder in 

January of 1977, nine out of ten buyers surveyed said they 

would be willing to spend $600 or more for energy saving 

features that would cut heating and cooling bills by $100 

a year. This survey indicated that homebuyers, although 

saying they would only spend a certain amount for energy 



features, are doing quite another, according to builders 

surveyed. One builder reported a marketing program that 
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is ideal for small volume, small town builders. He drops 

off pamphlets that explain the energy features in the 

homes ·and documents. the low utility bills of previous buy­

ers of his energy saving homes (Professional Builder, 1977, 

p. 57) • 

Energy Houses 

Energy Efficient Houses 

The Energy Efficient Residence (EER) Research and 

Demonstration Program was developed by the NAHB Research 

Foundation under contract to the Department of Housing and 

Urban Development. The purpose is to establish guidelines 

for cost effective design and construction of energy con­

serving homes. ·The program will seek to address optimum 

levels of energy conserving features from the home pur­

chaser's viewpoint. A wide range of energy conserving op­

tions were investigated and the most cost effective of 

these were selected for the construction of the demonstra­

tion house. The demonstration house and a typical conven­

tional house will be monitored for one year. The Energy 

Efficient Residence i~ expected to use approximately one­

half the energy required in the conventional house (Energy 

Efficient Residence, n. d. , pp. 1-7) • 
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Arkansas Story 

Over 200 homes in Arkansas as of early 1978 have been 

built to new standards of energy conservation. Two of 

these houses (~pproximately 1,200 square feet) in Benton, 

Arkansas were heated and cooled throughout 1975 for an av­

erage of $10.77 per month. The structures were built with 

2 x 6 studs 24" on center. The roof is supported by a 

modified truss usingpost and beam construction. Insula­

tion (fiber glass) is an R-19 in the walls. The slab is 

insulated with one and a half inches of urethane at the 

perimeter, R-19 between joists in crawl spaces and R-38 in 

the attic. The energy economy is dependent upon much more 

than the insulation,.however. The window area·is reduced 

to eight percent of the total living area. Vapor barriers 

are built int:o walls, ceiling and floor. Caulking and 

weatherstripping are used to combat infiltration. Cost 

savings in framing are enhanced by the use of back-up clips 

to install the d~y wall, thus eliminating the need forT's. 

According to proponents of this energy saving home, it 

takes the whole system to derive the benefits {Breniff, 

19 7 8 1 PP • 1-2 ) • 

NAHB's Evaluation of the Arkansas Story 

The technical services department of the NAHB have re­

ceived a number of inquiries from builders all over the 

nation concerning the report prepared by Owens-Corning 
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Fiberglass called the "Arkansas Story" in which a number 

of construction and design details for reducing energy 

costs are given. The NAHB sug-gests that it is not neces-

sary that all of the suggestions be used in their entirety 

to achieve a significant savings. NAHB suggested that each 

construction detail must be evaluated on its own basis 

individually. 

The argument used in the Arkansas Report that a 
2 x 6 stud wall 24" on center is cost competi­
tive with a 2 x 4 stud wall 16" is meaningless 
since all nationally recognized model building 
codes and the HUD.Minimum Property Standards 
recognize 2 x 4 stud walls 24" on center for 
single story houses and for the second story 
of two story houses (NAHB, 1977, pp. 1-5). 

NAHB says that all the framing techniques can be used 

with 2 x 4 stud walls •. The use of floor insulation over 

crawl spaces and around slab perimeters appears to have a 

favorable cost-benefit ratio (NAHB, 1977, pp. 1-5).· 

Summary 

There is no one way to reduce by a large amount the 

energy demand of the average home today. What is required, 

however, is a coordinated series of energy saving techni-

ques which, used together, will have a significant impact 

on energy demand. 

The.saving of energy in·the home is worthwhile since 

the home consumes such a large portion of total energy. 

Homes can be built with many design and constructipn fea-

tures to cut back on consumption. 



The National Association of Home Builders, with re­

cent publications on energy, are showing their concern to 
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their members by making these available. I 



CHAPTER III 

ANALYSIS OF DATA 

Introduction 

The major purpose of this study was to conduct a sur­

vey among home builders to measure their energy awareness 

related to efficient design and construction features and 

techniques in new housing. This chapter presents the find-

ings related to the si~ specific objectives stated in 

Chapter I. 

Data were analyzed by means of frequency counts and 

percentages which were tabulated for all items in the ques­

tionnaire. Objectives 1, 2, ~' 5, and 6 were accomplished 

by the use of these descriptive statistics. Objective 4 

was met by using the Chi-Square test to examine the null 

hypotheses. The Chi-Square is a statistical technique· 

used for summarizing differences in distribution found be­

tween two or more sample groups,in a counting experiment. 

Characteristics of the Sample 

The first objective of the study was to identify spec­

ific characteristics of the builders. Items 1-9 in the 

questionnaire were used for these measures (Appendix A). 

58 



The characteristics of the 54 builders who returned the 

questionnaires are shown in Table I. For some items on 

the questionnaire, categories were combined because of an 

·insufficient number of cases for a particular response. 
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Age categories were reduced from five to four, while edu­

cation and number of houses built were reduced to three 

categories each. Because so few builders were building in 

towns of less than 10,000, this category was combined with 

cities of population size 10,000-40,999. 

Forty-four percent of the ho:r;ne builders had been in 

the building·field for ten years or longer. The smallest 

percentage (15) had been building two years or less. The 

home builders were fairly evenly distributed throughout 

the age categories. The highest percent {36) were in the 

range of 31-40 years of age. Over .one-half of the builders 

(57%) had a college education or more. Thirty percent of 

the respondents had some college while only thirteen per­

cent had high school diplomas cir less. Over 75 percent of 

the builders last year built under 50 homes, so it can be 

said that the majority of the sample represented either 

small or medium sized operations. The highest percentage 

(42%) were buildirig in cities of 40t999 or under in popula-

tion. 

Item 6 in the questionnaire (Appendix A) asked the 

builder to indicate the percent of the building he did 

last year in each categ6ry (single detached and semi­

detached; condominium, apartment and townhouse; commercial 



TABLE I 

CHARACTERISTICS OF SAMPLE 

Characteristics 

Number of years in home building 
0-2 years 
3-5 
6-10 
10+ 

Age of home builder 
20-30 years 
31-40 
41-50 
51+ 

Level of education 
High school or less 
Some college 
College graduate or more 

Size of city 
Under 40,999 
41,000 to 100,999 
Over 101,000 

·Number of houses built last year 
25 or under 
26 to 50 
Over 51 

Type of construction 
10-60% single family 
61-97% single family 
100% single family 

Average square footage of houses 
built last year 

Under 1,600 
1,601 to 2,500 
Over 2,500 

Of the houses he built last 
year, 50% or more were 

Under $40,000 
$40,000-$59,999 
$60,000 or more 

Frequency 

8 
9 

13 
24 

11 
19 
13 
11 

7 
16 
31 

22 
14 
17 

26 
14 
13 

8 
8 

36 

14 
28 

8 

8 
24 
18 

60 

Percent 

15 
17 
24 
44 

20 
36 
24 
20 

13 
30 
57 

42 
26 
32 

49 
26 
25 

15 
15 
70 

28 
56 
16 

16 
48 
36 
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or other). This information was used to develop a-code to 

show percent of single family housing built by each 

builder. All of the builders who were building in a com­

mercial category and did no residential building were re­

moved from the sample. Some builders were building in 

more than one category but if at lea~t 10 percent of the 

builders' production was in the category of single family 

housing, he was kept in the sample. Seventy percent of 

the builders were building· only single family housing. 

Item 8 was used to develop a code for the average size 

home being built by each builder. Over half of the build­

ers were constructing homes of 1,601 to 2,500 square feet. 

Item 9 was used to develop a code for the typical 

price range of homes being built by each builder. If a 

builder reported that over 50 percent of the houses he 

built last year were in a given price range, that price 

range was considered to be typical for that builder. 

Table I shows that 48 percent of the builders were typi­

cally building in the $40,000-$59,999 price range. Five 

builders reported that 100 percent of the homes they built 

last year'were under $40,000. Twelve builders were build­

ing exclusively in the $40,000 to $59,000 range and another 

eleven wei-e only building .in the price range of $60,000 

and over. Eight of these building in the highest price 

range stated that they were building homes of $110,000 up 

to $250,000. 
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Energy and Government Controls 

The second objective of this study was to determine 

builders' attitudes about (1) the energy shortage, (2) the 

government's energy position, (3) the lending institution's 

interest in energy saving housing design. Items 10-15 

were the measures of these attitudes (Appendix A). Table 

II shows frequencies and per,centages for six attitudinal 

questions. 

In the study it was important to first determine 

whether home builders felt that there was a real energy 

crisis or not. Sixty-five percent felt that there was a 

real shortage of energy. Many claims have been made that 

the energy shortage has been blown out of proportion by 

the government and oil companies and that the shortage is 

a contri~ed situation. Forty-three percent of the builders 

reported believing that the government and oil companies 

are deliberately falsifying reports of the current situa­

tion. 

Government intervention in business has always been 

held in controversy. Most industry and businesses believe 

that they should be able to control themselves from within. 

In response to whether the government should set up energy 

efficiency standards in the home building industry, over 

two-thirds of the builders indicated that no requirements 

should be set up. Only five percent said that they thought 

the government should set up detailed requirements. A 



TABLE II 

ATTITUDES OF HOME BUILDERS RELATED TO 
ENERGY SHORTAGE AND GOVERNMENT 

CONTROLS 

Attitudes 

Real energy problem 
Yes 
No 
Undecided 

Situation blown out of 
proportion 

Frequency 

35 
10 

9 

Yes 22 
No 29 
No response 3 

Lending institution's interest 
5 Much interest 12 
4 14 
3 20 
2 5 
1 No interest 1 
No response 2 

Government requirements for 
construction 

1 No requirements 36 
2 6 
3 8 
4 1 
5 Detailed requirements 3 

Proposal to give tax credit 
for insulation 

5 Agree strongly 12 
4 9 
3 18 

. 2 0 
1 Disagree strongly 15 

Oklahoma Building Energy Con-
servation Act 

Some effect and raise prices 14 
Little or no effect 13 
Do not know 10 
Will be a problem 2 
No response 15 

Percent 

65 
19 
16 

40 
55 

5 

21 
26 
36 
10 

2 
4 

67 
11 
15 

2 
5 

22 
17 
33 

0 
28 

26 
24 
18 

4 
28 

63 
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federal bill (HR8650) to regulate the construction indus­

try with regard to energy efficiency standards in 1975 met 

, with st:I:'ong opposition and was never made into law (Con­

gressional Quarterly, 1975, p. 1944). Similar opposition 

was expressed by the builders in this sample. If Carter's 

proposed energy plan does not achieve considerable resi­

dential conservation, then his administration will propose 

mandatory measurements to go into effect by 1980 (National 

Energy Plan, 1977, p. 42). 

In the National Energy Plan now before Congress, Pres­

ident Carter has advocated giving a tax credit to those 

who install insulation in existing homes. Only 22 percent 

of the builders·in this study reported that they agreed 

strongly with the proposed measure,. while twenty-eight per­

cent disagreed strongly. Thirty-three percent checked re­

sponse "3" indicating neither strong approval nor strong 

disapproval. Heinly previously reported, in a 1977 survey 

of American home builders, that the majority disagreed 

with the tax credit plan as stated in the bill. The Na­

tional Association of Home Builders (NAHB) felt that this 

bill would increase the shortage of insulation in the fu­

ture needed for new construction. NAHB appealed to Con­

gress ·in the fall of 1977 to revise this part of the Energy 

Plan (Heinly, 1977, p. 27). 

The state of Oklahoma, in its concern for energy con­

servation, has created a Departme1;1t of Energy. In January 
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of 1978, a bill (Oklahoma Building Conservation Act) was 

introduced into the state legislature. The bill would 

create some controls regarding energy efficiency in con­

struction. The builders in the sample were asked their 

opinion of this bill. Nearly half did not answer this 

question, or responded that they did not know anything 

about it. Twenty-four percent said they felt that the bill 

would have little or no effect on new construction. 

Many builders in the past have complained of a fail­

ure of lending institutions to adequately allow extra money 

to cover the initial cost of energy saving features in new 

construction. On a scale· of 5 (much interest) to 1 (no 

inteiest), 23 percent of the builders in this study indi­

cated that they thought lending institutions had a great 

deal of interest in lending money for energy features. A 

large percentage (38%) marked response "3", indicating 

that they felt lenders were neither .greatly interested nor 

totally disinte~ested. 

Energy Awareness of Builders 

The third objective of this study was to determine the 

energy awareness level of builders by asking questions re-

lated to specific energy.efficient techniques and features 

in housing design and construction. Items 16 through 33 

(Appendix A) were used for the Energy Awareness Scale. These 

items were deVeloped from information published by the Na­

tional Association Horne Builders. The point value for each 



item and the correct·response is indicated in Appendix A. 

Scores ranged from 49 to 93 with a mean score of 78.02. 

The score on the Energy Awareness Scale was used in 

the analysis of the fourth objective but responses to a 
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few of the more important i terns are discussed here. Sixty­

one pe~cent of the builders checked either eight or ten 

percent as the recommended energy efficient percentage of 

glass to square footage of the house. Twenty-nine percent 

of the buiiders stated that the energy efficient percent­

age of glass area in relation to square footage of the 

house would·be either 15 or 20 percent. Some builders 

stated that a percentage of glass could not be figured for 

a house, as many factors such·as site location and design 

would determine the glass area needed. The National As­

sociation of Home Builders recommends ten percent while 

the Arkansas Story and Oklahoma Gas and Electric recommends 

eight percent. The NAHB Thermal Performance Guidelines and 

manual on energy efficiency .. homes only came out in the fall 

of 1977 and many builders may not be acquainted with all 

the current recommendations. One builder noted that the 

reduction·in window size only requires more usage of elec­

tric lights. He felt that more artificial light cost more 

in energy than the energy lost through windows. 

Recommendations by the NAHB suggest lowering the ceil­

ing height to 7'6" for thermal efficiency. Twenty-three 

percent of the builders in this sample checked 7'6" as the 

correct ceiling height for energy efficiency while 33% 



checked 7' or less as the most energy efficient. One 

builder stated that anything less than 8' would be effi­

cient, but he also said that home buyers are not attuned 

to these energy saving features, such as less glass area 

and lower ceiling height in the design of new homes. 
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According to the NAHB, the heat pump is more economi­

cal to use than electric resistance heating. Most of the 

builders (98%) indicated that the heat pump was more ef­

ficient than electrical resistance heating. Ninety-one 

percent stated that in Oklahoma it was cheaper to use na­

tural gas than the heat pump. 

National Association of Home Builders Research Founda­

tion recommends lowering the ratio of exterior walls to 

the floor area for energy efficiency. The Foundation 

states that square or rectangular floor plans are more en­

ergy efficient than those that have many angles or unusual 

shapes. Eighty percent of the builders in this study con­

curred with this building technique. 

All of the builder~ agreed that the value of energy 

designs must be measured against their cost. According 

to the NAHB, not all energy conserving features add to 

first cost. The use of less glass is one energy saving 

feature which does not add to first cost, while increasing 

the insulation does increase first cost. However, 54 per­

cent of the builders surveyed were not awa.re that not all 

energy conserving features add to first cost. 

.. 
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Eighty-five percent agreed with NAHB recommendations 

that the ceiling is the most important place to use insula­

tion. Builders were asked to give the recommended R-values 

in Oklahoma for ceiling, perimeter slab, and exterior walls. 

Many did not answer, particularly for the perimeter slab, 

perhaps indicating that they did not know. Thirty-four of 

the builders answered correctly the recommended R-value for 

the ceiling (R-30). Twelve did not answer this question. 

Of the 30 builders who answered the question about correct 

R-value for perimeter slab, only one was incorrect. A 

total of 24 did not answer the question about the R-value 

for perimeter slab. However, when asked if it was a good 

practice to insulate slab floors for energy efficiency, 

87% said "yes." Sixty-four percent stated that polystyrene 

would be the best type of insulation to U~e for slab floors 

while 28% said that foam insulation would be best. Twelve 

builders answered incorrectly regarding R-values for ex­

terior walls. The recommended R-values, according to 

Thermal Performance Guidelines, ~re: ceiling--R-30, peri­

meter slab--R-7.5, exterior walls--R-19. 

Twelve features were listed and builders were asked to 

rate their value in relation to energy efficiency on a scale 

of 1 (no value) to 5 (very valuable). Vapor barrier was 

rated as valuable.or very valuable by 52% of the builders. 

Duct insulation was rated as very valuable by 67 percent of 

the builders. Forty-two percent rated window overhangs as 

very valuable in energy efficiency. Fifty-eight percent 
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regarded attic ventilation as very valuable while sixty-

seven rated duct insulation as very valuable. Well fitting 

doors and windows and weatherstripping and caulking were 

rated very valuable by the highest percentage (87%) of the 

bui-lders. 

Differences in Levels of 

Energy Awareness 

The fourth objective was to examine differences in 

energy awareness levels according to specific characteris-

tics of the builders. The characteristics of the builders 

were coded as shown in Table I. Energy Awareness Scores 

were divided into quartiles and receded as follows: 

Scores 49 to 73 = 1 Low 
74 to 81 = 2 
82 tci 87 = 3 
88 to 93 = 4 High 

Seven null hypotheses were examined by Chi-Square an-

alysis. There is no difference in the energy awareness 

score and the following characteristics of the builders: 

·(a) number of houses he built last year, 

(b) age of the builder, 

(c) education of the builder, 

(d) l~ngth of time in business, 

(e) the size of city in which the builder is 
building, 

(f) price range of homes he built last year, and 

(g) (:lVe:t::"age square footage of homes constructed 
lpst: year. 



70 

Table III shows the Chi-Square values and the signifi-

cance levels for the seven tests. No significant differ-

ences were found in total Energy Awareness Scores for build-

ers with different characteristics. Thus, none of the null 

hypotheses were rejected. 

TABLE III 

CHI-SQUARE VALUES AND SIGNIFICANCE LEVELS 
FOR THE RELAT!ONSHIP BETWEEN ENERGY 

AWARENESS SCORE AND SELECTED CHAR­
ACTERISTICS OF HOME BUILDERS 

Characteristics Chi-Square Sig. Level 

Time in Business 
Age 
Education 
Size of City 
Number of Houses Built 
Percent of Construction 

of Single Family Homes 
Average Square Footage of Homes 

9.1 
4.4 
1.0 
5.1 
8.9 

6.0 
1.2 

.43 

.88 

.98 

.53 

.18 

.42 
• 76 

Since no significant ·differences in the total Energy 

Awareness Score were found to exist between the builder 

with differentcharacteristics, some additional analysis 

was conducted with certain questions considered to be key 

items in energy awareness. Questions (16, 20, 22, 23, 24, 

25, 27, an.d 29) were selected for this analysis. Each of 
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these questions was cross-tabulated with each builder char­

acteristic. Table IV shows the significant levels for 

these. 

Although the overall Energy Awareness Score was not 

found to differ significantly with respect to characteris­

tics of the builders, selected items from the scale were 

associated with builder characteristics. Responses to 

the question about the recommended percent of glass in re­

lation to square footage of house was significantly assoc­

iated with the age of the builder (P < .01), his time in 

business (p < .01), and the average size of housing con­

structed last year (p < .04). Over 60 percent of the 

builders who had been ih business a short period of time 

said that the ratio of glass area to total square footage 

should be 10 percent and none of them recommended that the 

ratio go as high as 15 percent. Builders who had been in 

business for J-10 years were more likely to recommend a 

ratio o£ 15 percent. Of those in business for 10 years 

or more; 48 percent recommended a ratio of 10 percent and 

35 percent recommended a ratio of 8 percent (Appendix B 

Table VII). NAHB recommends 10 percent of glass area in 

relation to total square footage, while Oklahoma Gas and 

Electric and the Arkansas Story recommend using only 8 

percent of glass:area. 

Fifty-three percent of the builders in the age cate­

gory 31-40 ·reported 8 percent was an energy efficient per­

centage of glass area (Appendix B, Table VIII). None of 



TABLE IV 

CHI-SQUARE SIGNIFICANCE LEVELS FOR 
SELECTED CHARACTERISTICS OF 

HOME BUILDERS AND SELECTED 
ITEMS FROM ENERGY AWARE-

NESS TEST 

Characteristics of Home 

Time in 
Key Items Education Business Age 

Percent of Glass Area 
·Related to Square Footage NS .01 . 01 

Number of Exterior Walls NS NS .04 

Energy Saving Features 
Adding to First Cost .03 NS NS 

Builders 
Average Sq. Ft. 
of Houses Built 
Last Year 

.04 

.05 

NS 
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the builders in the 51+ age bracket said that 15 percent 

was the most efficient glass area for the reduction of 

energy use. Twelve builders who were building houses of 

1,601-2,500 square feet reported that 15 percent was an 

energy efficient percentage of glass area. Of the build­

ers whose houses averaged less than 1,600 square feet, 50 

percent recommended a ratio of 8 percent glass area and 

43 percent of the builders recommended a ratio of 10 per­

cent. In larger homes glass may be considered essential 

to the design of the house. Homebuyers may consider 

larger glass areas more important than lower utility bills. 

Lowering the ratio of exterior walls to total square 

footage reduces energy consumption. Every time a corner 

is added to a house there is additional construction cost 

as well as a house that will use more energy. Responses 

to this question were not significantly associated with 

the time in business or the education of the builder but 

were associated with the age of the builder (p < .04) and 

the total square footage of houses built last year 

(p <.05) (Appendix B, Tables X and XI). Ninety-five per­

cent of the builders in the 31-40 age bracket answered 

that lowering the ratio of exterior walls would have some 

effect on energy consumption while only 50 percent of the 

builders in the 41-50 age group responded that way. Over 

80 percent of the builders of homes under 2,500 square 

feet indicated that lowering the ratio of exterior walls 



would affect energy use while only 43 percent of the 

builders of larger homes gave that response. 
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Question 26 "Do all energy conserving features add to 

first cost?" was significantly related to the education of 

the builder (p < • 03) . Sixty-.one percent of the builders 

who were college graduates said that the incorporating of 

energy saving features and techniques into new construc­

tion does not always add to first cost (Appendix B, Table 

XII). Builders with less education were more likely to 

say that energy saving features always add to first cost. 

This finding is related to NAHB findings that many build­

ers may be spending too much on energy saving features. 

Many think that in order to incorporate energy saving fea~ 

tures into housing, considerable money must be spent on 

the front end but this is not true. 

Energy Design Practices of Builders 

Although not an objective of the study, three ques­

tions were asked about the builders' current energy prac­

tices related to insulation (Items 34-36). Based on 

Thermal Performance Guidelines by the National Association 

Home Builders the most efficient R-value for ceilings in 

Oklahoma would be R-30. However, only 27 percent of the 

builders reported using R-30 in ceilings last year. Thir­

teen percent reported using only R-19 for ceilings. The 

recommended :R-value for walls in Oklahoma is R-19. Forty­

one percent of the builders reported using R-19 in the 
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walls of houses they built last year. Forty-four percent 

used less than R-19. 

Fifty-seven percent stated that they used polystyrene 

or styrofoam on exterior walls. According to Johnson, 

NAHB Research Foundation President, "if 1 inch foam poly­

strene board is substituted for 1/2 inch insulation board, 

the heat loss would be reduced an additional 1500 Btuh in 

the conventional 2 x 4 wall with studs 16 inches on center" 

(1977, p. 14). 

Builders were asked how they rated foam as an insulat­

ing material in relation to other types of insulation such 

as cellulose or fiberglass. The percentage of builpers 

responding to this question were almost equally distrubuted 

among the three fesponses, "better"--31 percent, "about 

the same"--28 percent, "not so good"--33 percent. Foam is 

a relatively new type of insulation, quite expensive but 

with some distinct disadvantages. It has not been tested 

enough to know its effectiveness as an insulating material 

(see Table V) . 

Use and Evaluation of Energy 

Saving Features 

The fifth objective of this study was to determine 

if builders are evaluating the effectiveness of energy 

saving features which they are incorporating into housing 

and if so, what.type of evaluation they are doing. Ques­

tions 37-42 were designed to meet this objective. Table 



TABLE V 

ENERGY DESIGN PRACTICES OF 
HOME BUILDERS 

Energy Design Practices 

Average R-value for Ceiling 

11 R-value 
19 
20-25 
26-29 
30 
33-38 
No Response 

Average R-value for Walls 

11 
13 
14-18 
19 
22-30 
No Response 

Use of Polys~tyrene or Styro­
foam in Exterior Walls 

Yes 
No· 

Quality of Foam Insulation in 
Relation to Other Types 

Better 
About the Same 
Not as Good 
No Response 

Frequency 

1 
16 

8 
7 

13 
4 
5 

5 
11 

8 
22 

2 
6 

31 
23 

17 
15 
18 

4 

76 

Percent 

2 
30 
15 
13 
24 

7 
9 

9 
20 
15 
41 

4 
11 

57 
43 

31 
28 
33 

8 
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VI shows the percent of builders who were using energy ef­

fficiency techniques and doing some type of evaluation. 

A majority (87%) stated that they did use energy saving 

features in the houses they built last year. This sup­

ports the statement by NAHB Research Foundation President 

that more and more builders are taking the initiative and 

using energy saving features according to the 1975-1976 

data on home building construction practices. 

Question 38 asked the builders if there were features 

they would like to have used but were unable to because of 

cost or other reasons. One builder stated that the cost 

is too great to build houses for the low priced market. 

He further stated that he thought energy homes were good 

but that his market did not require them~ A few builders 

stated that they would like to use solar but the cost is 

prohibitive. Another builder stated that many people 

are going overboard on insulation and not paying enough 

attention to features such as ventilation, infiltration, 

the design of the home (overhang, trees, direction, etc.), 

an~ proper insulation in proper places. Other features 

listed by builders as not being economically feasible in­

clude: triple glazing, styrofoam on exterior walls, storm 

windows, cantilevered trusses, and overhead soffit down 

ducts. 

Seventy-nine percent of the builders who are using 

energy efficiency techniques responded that they did some 

type of evaluation to determine the effectiveness of these 



TABLE VI 

USE AND EVALUATION OF ENERGY 
EFFICIENCY TECHNIQUES 

Evaluation Practices 

Use of Energy Efficiency Techniques 
in Design and Construction of New 
Housing 

No 
Yes 

Features Builders Would Have Liked 
to Have Used but Could Not 

Yes 
No 
No Response 

Any Type of Eval?ation of Energy 
Practices Last Year in Buildirig 

Yes 
No 

Type of Evaluation 

Check Utility Bills 
Customer's Comments 
Both of the Above 
Other: 

Check Against Guidelines 

Are Energy Saving Features Worth 
Additional Cost and Time 

1 Not at All 
2 
3 
4 
5 Very Much So 

Builders' Perception of Consumer's 
Interest in Energy Efficient Housing 

1 No Interest 
2 
3 
4 
5 Great Deal of Interest 

Frequency 

7 
47 

31 
21 

2 

37 
10 

·a 
3 

21 

5 

2 
2 

11 
15 
24 

5 
26 

9 
14 

78 

Percent 

13 
87 

57 
39 

4 

79 
21 

21 
11 
55 

13 

4 
4 

20 
28 
44 

9 
48 
17 
26 
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techniques. Types of evaluation included checking utility 

rates, comments of customers as to their increased comfort 

and economic benefits, and building houses against certain 

guidelines established for energy efficiency. Fifty-five 

percent reported that they used both utility costs and 

homebuyer's comments to measure the value of energy effi-

ciency. Thirteen percent checked the response "other" and 

specified that they used guidelines to check their construe-

tion practices ~gainst such as the NAHB and the Arkansas 

Story. 

On a scale f~om one to five, forty-four percent of the 

sample checked response "5" indicating that they thought 

the extra money and labor involved in building energy ef-

ficiency housing was very much worth it. Only four percent 

said that energy saving features were not worth the cost 

and time. 
~-7 

Often what buyers do and say are two different things. 1 

They may express a desire for ~nergy efficiency in housing 

but may not be interested enough to invest the extra capi-

tal required. Question 42 was designed to ask builders 

how interested they think homebuyers are in energy efficient 

housing. On a scale from 1 (no interest) to 5 (great deal 

of interest) , only twenty-six percent of the builders 

rated consumer's interest as "5" or a great deal of inter-

est. Almost half of the builders (48%) checked response 

"2" indicating that they thought homebuyers interest in 

energy efficient housing design was low. 

I 
I 

1\\ 

\ 
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Guidelines for Energy Efficiency 

The sixth objective of the study was to determine 

which guidelines builders are using for energy efficiency 

in construction practices. Nine home builders used.three 

or more guidelines in the design and construction of energy 

efficient houses in 1977. Twenty-two used two guidelines 

as reference material. Two of the builders reported that 

they used all of the current guidelines for energy effi­

ciency. Fifty~seven percent used guidelines and informa­

tion published by the National Association Home Builders. 

Sixty percent stated that they used guidelines recommended 

by Oklahoma Gas and Electric. Twenty-four percent speci­

fied "Other" and the guide most often named was the "Ark­

ansas Story." 

Recently there have been many guides and information 

written on energy efficiency in housing design. Twenty­

eight percent of the builders responded that it was good 

that so many guides were being written. However, fifty­

seven percent responded that there were t6o many guides 

being.written and that it was very confusing. One builder 

said that regulations would fill a book and that those 

concerned should be professional and realistic and not 

dictatorial. Many stated that those issuing the guides 

have not considered the cost st~ndpoint and practicality 

of such features. One respondent stated that all the 

energy guides were based on ASHRAE standards and were all 
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about 10 years behind and therefore obsolete. Another 

builder stated that the guides were not issued by builder 

authors who would know more about energy efficiency in 

construction. 

Question 45 asked builders the major source from 

which they received information about energy saving fea­

tures and techniques. Eighty percent stated they received 

the most helpful information from trade magazines. Utility 

companies were the second source from which builders re­

ceived the most helpful information. 



CHAPTER IV 

SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

Summary 

The purpose of the study was to conduct a survey among 

home builders in Oklahoma to measure their awareness of 

energy efficient design and construction features for new 

housing. Information published by the National Association 

of Home Builders was used as a basis for this measurement. 

The specific objectives of the study were: ( l) to 

identify characteristics of builders; (2) to determine 

builders' attitudes about the energy shortage, the govern­

ment's energy position, and the lending institution's at­

titudes on energy; (3) to measure the level of energy 

awareness of builders related to energy efficient tech­

niques and features in housing design and construction; 

(4) to examine differences in energy awarenes~ levels for 

builders with different characteristics {size of firm, age 

of builder, education of builder, length of time in busi­

ness, size of city in which he is building, price and size 

of houses built last year) ; (5) to determine if builders 

are evaluating the effectiveness of energy saving features 

82 
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they are incorporating into new construction and if so, 

what type of evaluation they are doing; and (6) to deter­

mine which guideline(s) builders are using for energy 

efficiency in construction practices. 

The sample was drawn from the membership list of the 

Oklahoma Home Builders Association, excluding members who 

were not actually building. A randbm sample of 300 builder 

members were selected for the study. Questionnaires were 

mailed to these 300 and only sixty questionnaires were re­

turned by the cut-off date. Six of these were dropped be­

cause they were doing only commercial building. Data 

were analyzed by means of frequency counts, percentages, 

and Chi-Square tests. 

The study was limited to home builders in the state 

of Oklahoma who were members of National Association Home 

Builders. The sample was not random since only 54 of the 

300 questionnaires were returned and usable. Because of 

the low percentage of returns, inferences cannot be made 

of this sample to the population. 

Seven null hypotheses were analyzed to achieve Objec~ 

tive 3. It was hypothesized that there would be no differ­

ence in the level of energy awareness of the builder and 

(a) the number of houses built last year; (b) the age of 

the builder; (c) level of education of the builder; (d) 

length of time in business; (e) size of city.builder is 

working in; (f) various price range of houses; and (g) 

average square footage of-houses. 
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None of the null hypotheses were rejected since no 

significant differences were found between specific char­

acteristics of builders and their energy awareness score. 

However, builder characteristics we're found to be associ­

ated with responses to three specific energy awareness 

questions. The most energy efficient percentage of glass 

area to use in relation to square footage of a house was 

associated with the time he had been in business, the age 

of the builder and the size of houses he built last year. 

Reduction in energy use related to number of exterior 

walls was associated with the age of the builder and the 

size of houses built last year. Responses to whether 

energy saving features always add to first cost were as­

sociated with the education of the builder. 

Forty-four percent of the home builders had been in 

the building industry for ten years or longer. Over one 

half of the surveyed builders had a college education or 

more. Over three-fourths of the builders built under 

50 homes last year. The highest percentage of builders 

were in the 31-40 age bracket. 

An important part of the study was to determine if 

builders actually thought there was an energy shortage. 

Sixty-five percent of surveyed builders felt that there 

was a real ener~y crisis. Forty-thr~e percent of the 

buildersfelt that the situation has been blown out of 

proportion. A majority (67%) stated that the government 

should not make any requirements concerning construction 
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practices. Nearly half the sample did not answer the ques-

tion about the effect of the proposed "Oklahoma Building 

Conservation Act" indicating that they did not know any-

thing about it. A large percentage (38%) indicated neither 

strong interest or disinterest on the part of lending in-

stitutions to lend money for energy features in housing. 

Most builders had some awareness of energy efficient 

techniques. However, only 19 percent scored high (88-93) 

on the overall measure. Builders seemed generally to 

know more about construction practices than design fea-

tures. Some of the material concerning energy efficiency 

in the design and construction of housing is relatively 

new and publications dealing exclusively with energy ef-

ficiency by the NAHB only came out in 1977. 

Eight-seven percent said that they were using some 
'~-I 

I 

type of energy efficient techniques in the construction of I 
new housing. A significant majority of these builders 

stated that they are doing some type of evaluation for 

cost effectiveness. Evaluations include customer's com-

ments, checking utility bills, andchecking construction 

against a published guide for energy efficiency. 

There seem to be many guidelines for builders to use 

ln building energy efficient homes. The ones used most 

often were NAHB, Oklahoma Gas and Electric, and the Ar-

kansas Story. Many builders are using more than one guide. 

One builder said that there are too many guides being 



86 

written on energy and that there should be some agreement 

and consolidation among the guides. 

There are presently 74 million residential units in 

the U.S. that require a substantial amount of energy. 

Utility bills have risen greatly in the past few years. 

If vigorous conservation measures are not undertaken and 

the present trend continues, energy demand is projected to 

increase by more than 30 percent between now and 1985. 

Conservation is not only the cheapest source of a new en-

ergy supply but also the cleanest. Conservation offers 

opportunities for creativity and ingenuity on the part of 

the builder as well as the consumer. 

In the past, because of the structure of the building 

industry, builders have been concerned with keeping first 

costs low for economic purposes and also because the con-

sumer was interested in a low first cost. Habits and val-

ues are slow to change and this will be no exception con-

cerning energy. It will take time to change from patterns 

of wasteful energy use to patterns that stress conservation. 

Builders are capable of building energy efficient 

homes and do have available resources from which to work. 

This study indicates that many builders are reading and 

taking advantage of the available material. It was con-

eluded that builders who were interested in energy effi-

ciency in housing were perhaps more inclined to fill out 

and return the questionnaire. ·There does seem to be 

considerable confusion about the "most efficient" energy 
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practices. The prohibitive cost has kept many builders 

from using some features. Several builders pointed out 

that the buying public does not demand energy efficient 

homes. One said that most buyers are still buying homes 

on the basis of the conventional things such as schools, 

price, bedroom size, etc. Another said that energy effi-

cient homes are not being sought by consumers because the 

average family does not stay in the same house for more 

than five years. For the energy efficiency house build in 

Maryland by the NAHB, it was estimated that the cost of 

the energy package was around $3,000, and that it would 

take a period of seven years to recoup that cost in direct 

fuel savings. Builders are like other businesses in that 

they must be able to sell their products. One builder 

summed it well: 

Any builder can build a home with energy saving 
features but the real challenge is to build an 
energy efficient home. Energy efficient homes 
require constant supervision and extra cost. 
About $1.000 per square foot over conventionally 
built homes is required, plus the extra super­
vision required. Energy efficient homes start 
on the drawing board and are only as efficient 
as the people who occupy them. 

One builder said, "we prefer tested and proven methods 

such as the Arkansas Story.". Another builder said that 

he liked the NAHB Thermal Performance Guidelines because 

they consider cost effectiveness. That higher minimum 

standards for energy efficiency are needed was the con-

cern of one builder. He further stated that it takes 



time for the public and builders to accept new programs 

and approaches. 

Conclusions 

The rising cost of energy in addition to the uncer­

tainty of future supplies makes energy conservation a 

much needed project. The home is the logical place to 

cut back on energy consumption since residential energy 

accounts for a significant percent of overall energy use 
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in the United States. One specific design feature of con­

struction technique will not significantly save a great 

deal of energy but these features and techniques taken to­

gether can save a large amount. There is no way to greatly 

reduce the amount of energy used in the average home to­

day. What is required, however, is a coordinated series 

of energy saving features and techniques which, when used 

together, will have a significant impact on energy demand. 

Implementation of conservation methods in new hous­

ing will require initiative on the part of builders mainly, 

but also on consumers who buy the builders' products. Our 

generation is discovering that it is facing a challenge 

that is great in scope--the energy dilemma. To meet this 

challenge will require a changing of values that regards 

energy efficiency as worthwhile and declares energy waste 

as wrong. There is no quick or easy solution to the en­

ergy problem. We in America are used to having all our 

problems solvep or at least having the knowledge that 



89 

problems can be solved. It is somewhat startling to rec­

ognize that the nation which can send man to the moon can­

not solve its energy problem simply and quickly. 

Recommendations 

The writer makes the following recommendations rela­

tive to energy efficiency in the design and construction 

of new housing: 

1. That some effort be made at consolidating guide­

line(s) for energy efficiency for consistency 

which will aid in reducing confusion. 

2. That a statement of energy ethics be engaged in 

by builders in various cities which would.be en­

dorsed by others in related fields to construc­

tion. 

3. That an educational program which would educate 

consumers, builders, lending institution's ar­

chitectects, designers, public officials, and 

other interested parties in energy efficiency in 

housing. 

4. That more intensive research be undertaken with 

regards to energy practices in the construction 

industry. 

5. That building codes be updated to make .energy 

efficiency in housing more viable. 

6. That some type of incentives in the form of tax 



credit be given to builders who use or build 

energy efficiency houses. 

7. That as much attention be given to design fea­

tures relating to energy efficiency as to con­

struction practices such as insulation. So 

much attention is given to insulation that many 

think it is the only energy saving feature in 

connection with housing. 
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8. That intensive studies be done to find out ex­

actly how much energy is used in the residential 

sector by different income groups and where en­

ergy could be saved. 

9. That a decrease in price and time costs for new 

energy technologies be accomplished to implement 

the use of these techniques. 

10. That low-cost construction loans be given to 

builders building energy-efficient housing. 

11. That the case study approach be used to study 

in depth energy practices of builders. 

12. That studies be done to determine what features 

homebuyers want in theway of energy conserva­

tion in housing and how much investment in en­

ergy features they are willing to spend so that 

builders could have up-to-date information of 

what the market wants. 
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May 3, 1978 

I am a graduate student at Oklahoma State University in 
the Department of Housing, Design, and Consumer Resources. 
I want to know what Oklahoma Homebuilders think about the 
energy situation and what makes an energy efficient house. 
I have talked with Leo Cravens, your Executive Vice­
President, who encouraged me to ask for your opinions. 

I have worked as a partner with 
building industry for 18 years. 
limited and that you often have 
once, but I need your help. 

my husband in the home-
r know your time is very 

a dozen things to do at 

Would you please take 15 minutes right away to fill out 
this questionnaire and return it in the enclosed envelope 
by May 15th? All responses should be anonymous so do not 
put your name on it. 

I very much appreciate your help. 

Sincerely, 

Jane Reagor 
Graduate Student 

K. Kay Stewart 
Graduate Adviser 
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QUESTIONNAIRE 

Questions: 

1. How long have you been in the homebuilding business? 

1. 0-2 years 
2. 3-5 years 
3. 6-10 years 
4. 10 or longer (if longer, 

how long? ------
2. Which of the following age categories describes you? 

l. 20-30 
2. 31-40 
3. 41-50 
4. 41-60 
5. 60 or over 

3. Which education level applies to you? 

1. 8th grade or less 
2. grades 9 through 11 
3. high school graduate 
4. some college 
.5. college graduate or more 

4. What size city are you building in? Check all that 
apply. 

1. under 10,000 population 
2. 10,000 to 40,999 
3. 41,000 to 100,999 
4. over 101,000 

5. How many houses did you build last year? 

l. under 10 
2. 10 to 2 5 
3. 2 6 to 50 
4. 51 to 100 
5. over 100 

6. What percentage of your building is in each of the 
following categories? (Write the appropriate per­
centage by each type.) 

1. single detached 
2. semi~detached 
3. condominium 
4. apartment 
5. townhouse 
6. commercial 
7. other (specify) 
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7. What is the average square footage of the single fam­
ily homes which you constructed last year? 

8. Of the houses you built last year, what percent was 
in each of the following categories of total square 
footage? 

1. under 1,200 
2. 1,201 - 1,600 
3. 1,601 - 2,000 
4. 2,001 - 2,500 
5. 2,501 - 3,000 
6. over 3,000 

9. What percent of the single family homes which you 
built last year were in the following price ranges? 
(Give percentages.) 

1. $20,000 - $29,999 
2. $30,000 - $39,999 
3. $40,000 - $49,999 
4. $50,000 - $59,999 
5. $60,000 - $69,999 
6. $70,000 and up (Specify $ ________ __ 

10. Do you feel that there is a real energy problem in 
America? 

1. yes 
2. no 
3. undecided 

11. Do you feel that the oil companies and government are 
blowing energy shortage out of proportion? 

1. yes 
2. no 

12. What has been the lending institution's attitudes 
about allowing extra mortgage money for energy sav­
ing features? 

Much interest No interest 
5 4 3 2 1 

13. Should the government set up requirements as to energy 
efficiency in the homebuilding industry? 

No require­
ments 

1 2 3 

Detailed Re­
quirements 

4 5 

14. To what extent do you agree or disagree with Carter's 
proposal to give tax credit to those who properly 
install insulation? 

Agree 
Strongly 

5 4 3 2 

Disagree 
Strongly 

1 



15. 

16. 

17. 

If passed, what effect do you think that the "Okla­
homa Building Energy Conservation Act" will have on 
new construction? 
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What would you recommend as an energy efficient per­
centage of glass area in relation to square footage 
of the house? 

X 
X 

1. 
2. 
3. 
4. 
5. 

20 percent 
15 percent 
10 percent 
8.percent 

other (please specify 

POINTS 
5 

--------
Do you consider storm windows to be a good investment 
for energy conservation? 

X 1. yes 4 
2. no 

18. For energy efficiency and economics, do you feel that 
triple glazed windows should be installed instead of 
storm windows? 

1. yes 5 
X 2. no 

19. Which ceiling height is the most thermal energy ef­
ficient? 

1. less· than 71 
X 2. 7 16" 

3. 7 110" 
4. 8 I 

5. more than 8 I 

20. For energy efficiency which direction should the 
ridge of the house be parallel to? 

X 1. east-west 
2. north-south 
3. no difference 

5 

5 

21. (a) If using electric heating, which unit uses less 
energy? 

X 1. heat pump 5 
2. electric resistance 

(b) Is it more economical to use natural gas heat-
ing qr the heat pump? 

5 
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POINTS 

22. Lowering the ratio of exterior walls to floor area 
has no effect on energy use. 

1. true 5 
X 2. false 

23. Oversized air conditioning equipment wastes energy 
and lowers comfort level. 

X 1. true 5 
2. false 

24. The value of energy designs must be measured against 
their cost. 

X 1. true 5 
2. false 

25. All energy conserving features add to first cost. 

1. true 5 
X i 2. false 

I 

26. How much do the energy saving features add to the 
overall cost of a home? 

27. Thickness of insulation is a more accurate compari­
son than theiR-value. 

I 
• 1. true 5 ---

X 2. false 

28. Is it possible to use a 2 x 4 sall construction and 
obtain an R-value of 19? 

X 1. yes 5 
2. no 

(If yes, how: ---------------------------------------
29. If ~ou had only one place to put insulation in a 

house, where would be the most important place to 
put it fo~ energy efficiendy? 

X 1. ceiling 10 
2. wall 
3. attic 
4. floor 

30. What R-value should each of the following have in 
order to be energy efficient? 

30 
7.5 
19 

ceiling 
peri:rneter slab 
exterior walls 

6 

31. Is it a good practice to insulate slab floors for 
energy efficiency? 

X 1. yes 5 
2. no 



32. 

33. 

103 

What kind of 
the edges of 

POINTS 

insulation would best be used under 
a slab floor for energy efficiency? 

X 1. polystyrene 3 
2. fiberglass 
3. foam 

How valuable are these features in energy efficiency? 
Circle the number whihc expresses your opinion. 

12 
No Very 
Value Valuable 

Vapor. barrier 1 2 3 4 5 -
Attic ventilation 1 2 3 4 5 

Overhang to shade 
windows 1 2 3 4 5 

Framing practices 1 2 3 4 5 

. Addition of carport 
or garage 1 2 3 4 5 

Location of air condi-
tioner condensers 1 2 3 4 5 

Duct insulation 1 2 3 4 5 

Furnace location 1 2 3 4 5 

Location of hot water 
heater 1 2 3 4 5 

Properly installed 
fireplaces 1 2 3 4 5 

Weatherstripping and 
caulking 1 2 3 4 5 

Doors and windows that 
fit properly 1 2 3 4 5 

34. Of all the homes that you constructed last year, what 
has been the average R-value for: 

ceiling area 
exterior wall area 

35. Do you use polystyrene or styrofoam as insulation on 
exterior walls? 

1. yes 
2. no 

36. How do you rate the quality of foam insulation in re-
lation to other types such as cellulose or fiberglass? 

1. better 
2. about the same 
3. not as good 
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37. Did you use energy efficiency techniques in the design 
and construction of new housing last year? 

1. no 
2. yes 

38. Were there certain energy saving features that you 
would have liked to have used but were unable to be­
cause of cost or other reasons? 

1. yes 
2. no 

If yes, briefly explain: --------------------------------
39. Did you do any type of evaluation to determine the 

effectiveness of energy efficiency techniques which 
you used? 

1. yes 
2. no 

40. What type evaluation did you use? 
check.) 

(If more than one, 

1. check utility costs 
2. customer's comments (comfort) 
3. other (please specify ____________ __ 

41. Are energy saving features worth the additional 
labor and material costs? 

42. 

43. 

Not at all 
1 2 3 4 

Very much so 
5 

How would you rank today's consumer interest in en­
ergy efficient housing design? 

No interest 
1 2 3 4 

Great deal 
of interest 

5 

If you used energy efficiency features and techniques 
in your construction last year which guideline(s) did 
you use? 

NAHB (Nat'l. Assoc. Home Builders) 
-----OG&E (Oklahoma Gas & Electric) 

ASHRAE (American Society of Heating, Re-------
frigeration & Air Cond. Engrs.) 

HUD (Housing & Urban Development) -------FHA (Federal Housing Administration) ------BOCA (Building Officials Code of America) -------National Conference of States on Building 
------ Codes & Standards 

Other (please specify 
------ ----------------------
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44. There seems to be many guides being written on energy. 
What do you think of this? 

45. What are the major sources from which you get informa-
tion about energy saving techniques and features? 

l. trade magazines 
2. other contractors 
3. sales persons 
4. business meetings 
5. advertisements 
6. course work (college or other) 
7. utility companies 
8. other (please specify 

~---------------

46. From which of the above have you received the most 
useful information? 

I would welcome any additional comments. 
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TABLE VII 

CHI-SQUARE FOR RECOMMENDED RATIO OF 
GLASS AREA AND TIME IN BUSINESS 

Time in Business 

Percentage of 0-2 years 3-5 years 6-10 years Glass Area to 
Total Sq. Ft. Freq. % Freq. % Freq. % 

15 0 0 5 56 6 55 
10 5 63 0 0 1 9 

8 3 37 4 44 4 36 

Total 8 100 9 100 11 100 

Chi-Square 16.5 Sig. Level P 

TABLE VIII 

CHI-SQUARE FOR RECOMMENDED RATIO OF 
GLASS AREA AND AGE OF BUILDER 

Age of Builder 
Percentage of 20-30 31-40 41-50 Glass Area to 
Total Sq. Ft. Freq. % Freq. % Freq. % 

15 4 40 7 37 4 33 
10 2 20 2 10 7 58 

8 4· 40 10 53 1 9 

Total 10 100 19 100 12 100 

Chi-Square 15.564 Sig. Level P 
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10+ 

Freq. % 

4 17 
11 48 

8 35 --
23 100 

= .01 

51+ 

Freq. % 

0 0 
6 60 
4 40 

10 100 

= .01 



TABLE IX 

CHI-SQUARE FOR RECOMMENDED RATIO OF 
GLASS AREA AND SIZE OF 

HOUSES BUILT 

Size of Houses 
Percentage of Under 1;601 to 
Glass Area of 1,600 2,500 

Over 
2,500 

Total Sq. Ft. Freq. % Freq. % Freq. % 

15 1 7 9 35 3 43 
10 6 43 5 19 4 57 

8 7 50 12 46 0 0 - --
Total 14 100 26 100 7 100 

Chi-Square 9.76 Sig. Level P = .04 

TABLE X 

CHI-SQUARE FOR RATIO OF EXTERIOR 
WALLS TO FLOOR AREA AND 

AGE OF BUILDER 

Age of Builder 

Lowering the Ra-' 
tio of Exterior 
Walls to Floor 20-30 31-40 41-50 Area Will Not Af-
feet Energy Use Freq. % Freq. % Freq. % 

True 2 22 1 5 5 50 
False 7 78 18 95 5 50 

Total 9 100 19 100 10 100 

Chi-Square 8.1 Sig. Level 

51+ 

Freq. % 

2 18 
9 82 - --

11 100 

p = .04 
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TABLE XI 

CHI-SQUARE FOR RATIO OF EXTERIOR 
WALLS TO FLOOR AREA AND 

Lowering the Ra­
tion of Exterior 
Walls to Floor 
Area Will Not Af­
fect Energy Use 

True 
False 

Total 

SIZE OF HOUSES BUILT 

Under 
1,600 

Freq. % 

2 17 
10 83 

12 100 

Size of Houses 

1,600 to 
2,500 

Freq. % 

4 15 
23 85 

27 100 

Over 
2,500 

Freq. % 

4 57 
3 43 

7 100 

Chi-Square 6.1 Sig. Level P = .04 

TABLE XII 

CHI-SQUARE FOR FIRST COST OF ENERGY 
SAVING FEATURES AND EDUCATION 

OF THE BUILDER 

Education of Builder 

Do Energy Sav- High School Some College 
ing Features Grad or Less College or ~J!.ore 

Always Add to 
First Cost? Freq. % Freq. % Freq. % 

True 6 86 11 69 12 39 
False 1 14 5 31 19 61 

Total 7 100 16 100 31 100 

Chi-Square 7.1 Sig. Level p = .03 
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