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CHAPTER I 

INTRODUCTION 

In today's society, the availability and cost of energy greatly 

influence the quantity and quality of goods and services, employment, 

and the quality of 1 ife in the home, community and nation. E~ergy 

implications are present in most aspects of individual and family 

living. 

Many households in the United States are facing economic and 

social stress as a result of the current energy situation. According 

to one report (Task Force on National Trends and Family Educational 

Needs, 1980), primary areas of concern related to energy which impact 

upon households nationally are: 

I Lack of consistent, comprehensive energy policy, 

I Lack of understanding and acceptance of energy facts and 

issues, 

I Lack of credibility of many informatiori sources, 

I Increases in the cost of energy and the long-range 

outlook of continued increases, 

I Lack of understanding of alternative energy sources and 

their environmental, social and economic benefits, and 

costs. 
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Some households are especially hard pressed to stretch incomes to 

meet rising energy costs and other economic demands. Limited resource 

households which include low income, aged, handicapped, and isolated 

households are especially affected. Their ability to meet rising 

expenses is generally less elastic than other households. 

Reducing the quantity of household energy use is one approach to 

controlling utility costs of individual consuming units. Stobaugh and 

Yergin (1979), in the book 11 Energy Future 11 , contend that energy 

conservation is a productive alternative to help our country deal with 

its energy problem. In a report sponsored by the Ford Foundation 

(1979) titled "Energy the Next Twenty Years 11 , seven fundamental 

realities that define the energy problem were identified. One of the 

realities focused on energy conservation. According to the report, 

energy conservation in the short and long run is the cleanest, 

quickest, and cheapest way to react to higher energy costs. Over a 

twenty year period, from 1979 to 1999, conservation will 

quantitatively become an important energy source. Further, according 

to this report, effective conse.rvation involves the energy management 

decisions of millions of diverse individuals; thus conservation cannot 

realistically be mandated or centrally managed. Energy conservation 

requires that information and incentives be provided to energy users 

to enable them to make their own adjustments in energy use. The Ford 

Foundation report summarizes energy conservation potential and 

implementation as follows: 

•.. energy conservation is one of the most important 
11 sources 11 of energy, which will be used to substitute for 
other forms of energy as they become more costly and scarce 
in the next twenty years and beyond. Increased use of this 
source is a trend to be welcomed, even encouraged, by 



explicit policy, not fought. Although the bulk of the 
conservation wi.11 be the result of normal economic forces 
and individual self.,.interested actions, energy policy has an 
important role in reducing and offsetting some important 
market imperfections and stimulating use of this energy 
source to its full economic potential (Ford Foundation, 
1979, p. 35). 

3 

To effectively manage increasingly expensive energy resources, 

households need information that will help them make sound decisions 

about how to reduce their energy use and that will help them learn how 

to apply new cost effective technologies that have potential for lower 

energy use. Households also may need incentives to encourage them to 

invest some of their 1 imited resources in improvements that could 

help them decrease their energy consumption. These incentives can be 

provided through education (Williams and Braun, 1981). The Office of 

Consumer Affairs concluded in a 1980 report that with limited fuel 

resources and soaring prices, energy education is becoming more and 

more important. Such education is the basis of self-help efforts that 

can teach fami 1 ies how to cope more effectively with upwardly 

spiraling energy costs and how to improve the quality of their 

housing. 

Society challenges public policymakers across the country to help 

hous~holds with their energy related problems. Basically, 

policymakers· have designed public policy options to help individuals 

and fami 1 ies cope with household energy problems: (1) subsidies, (2) 

services in-kind, and/or (3) education. The third option, education, 

is built on the rationale that people can be taught to increase 

self-sufficiency and self-control which will reduce their need for 

government _services or subsidies. 
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Agencies and groups in both private and public sectors have 

attempted a variety of residential energy programs. Many of these 

efforts have taken into account that poor and/or elderly households 

are hardest hit by energy problems (U.S. Office of Technology 

Assessment (OTA), Vol.· I, 1979). Due to the lack of comprehensive 

program evaluation however, many of these programs have come under 

severe criticism by policymakers and taxpayers, as well as some 

program participants (Consumer Energy Council of America, 1981). 

Policymakers and administrators face difficult choices on how to 

allocate scarce resources to various programs. They search for 

answers to such questions as: 

I Which programs wi 11 bring the most benefit to the most 

people? 

I What criteri.a should be used to ensure that the neediest 

are reached first? 

I How many public dollars should be directed toward helping 

poor households reduce energy use, and how many to help 

pay utility and fuel bills? 

I How does a national goal of raising energy prices to 

levels that reflect true costs affect limited resource 

households? 

I How can federal, state and local governments mitigate the 

adverse side-effects of an otherwise desirable policy? 

According to the U.S. Office of Technology Assessment report on 

residential energy conservation (Vol. II, 1979), price mechanisms that 
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encourage conservation through the marketplace do indeed exacerbate 

financial problems of low and fixed income households. Tax incentives 

and penalties also discriminate against the poor. Direct subsidies 

could address some of the problems the poor face in paying utility 

bi 1 ls; however, this is a short term solution which critics argue will 

fail to address the source of the problem and tend to become 

self-perpetuating. 

Policymakers a_nd taxpayers who are assessing conservation 

potential and the effects of co.nservation practices must take into 

account the differences in people's situations. To date, little is 

known about what motivations lead to energy conservation behaviors and 

what programs would be most successful in accelerating the rate of 

adoption of energy conserving behavior (Makela, Chatelain, Dillman, 

D., Dillman, J., and Tripple, 1983). Further, little or no systematic 

benefit-cost analysis has been undertaken to analyze the impact of 

various energy programs on households, communities, states and the 

nation (Consumer Energy Council of America, 1981). Such information 

is vital to developing energy policy which will serve all sectors of 

the nation. 

Research designed to clarify the role of energy education that is 

directed toward self-help in assisting households to cope with energy 

problems is badly needed. Further, such research must address 

benefits and costs of an energy education policy option. 

Statement of Problem 

The purpose of this research is to analyze the impact of 

self-help energy conservation changes made by limited resource 
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households (low income, elderly, handicapped, and isolated) when they 

used self-help efforts to reduce their household energy use and 

increase their comfort; and further, to analyze the impact that 

self-help efforts have on society in general. The households made the 

conservation changes during a period of increased utility costs, high 

inflation, and during the delivery of an energy education program 

which focused on self-help for limited resource households. It is 

assumed that an aggregate of conditions including an educational 

project contributed to the households• decisions to adopt energy 

conservation practices. This study will clarify the impact the energy 

education project had on 1 imited resource households as it was 

conducted from May 1982 to May 1983 using the Oklahoma Cooperative 

Extension Service network for program delivery. The present 

researcher is particularly interested in the benefit-cost relationship 

of an energy education project implemented using the existing 

Cooperative Extension network. This economic impact information is 

vital to assist public and private decisionmakers in their efforts to 

cope with current energy problems. Further, policymakers require such 

information to help them formulate policies that successfully address 

energy problems of the limited resource sector of our nation. 



CHAPTER I I 

LITERATURE REVIEW 

Residential Energy Use 

Energy use in the residential sector accounts for approximately 

20 percent of the total amount of energy used in the United States 

(U.S. Department of Energy, 1980). For this reason, private 

households have been the target of many energy conservation efforts 

sponsored by a variety of public and private agencies and groups. 

Data on residential energy use, for.the most part, are based on 

interpretations of aggregate consumption data. Dole (1975) developed 

an average energy use pattern for individual households, Dole's 

breakdown of residential energy use is shown in Table I. Energy use 

patterns help household members determine potential areas within the 

home for energy conservation and also help them determine the impact 

of a given conservation practice on total residential energy use. 

Specific percentages vary according to geographic location but 

generally the pattern of energy use remains the same, i.e., space 

heating uses the largest portion of energy within the home. In 

Oklahoma however, air-conditioning uses a larger portion of the total 

amount of energy than Dole indicates in his national averages. Space 

heating and air-conditioning require 68 to 70 percent of the total 

energy used in Oklahoma households. Oklahomans spend almost as many 

7 
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dollars cooling their homes in the summer as they do heating their 

homes in the winter. Therefore when considering energy management 

strategies for the home, reducing the cooling load on a home in 

Oklahoma is just as important as reducing the heating load. 

TABLE I 

RESIDENTIAL ENERGY USE PATTERNS 

Energy Use Categories 

Space Heating 

Water Heating 

Refrigeration/Freezing 

Lighting 

Cooking 

Air-Conditioning 

Drying 

Other 

Housing Structure as it Relates to Energy Use 

Percent of Tota 1 
Household Energy Use 

55.5 

14.5 

7.7 

5.7 

5.1 

4.6 

1. 7 

5.7 

Design and construction features of a residence have a great 

impact on the amount of energy used. When careful consideration is 

given to the design and construction of houses in regard to energy 

efficiency, households can avoid the use of large quantities of 
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energy. The U.S. Office of Technology Assessment (Vol. I, 1979) 

documented the potential of reducing energy use in new and existing 

homes by 30 to 60 percent. This can be accomplished by increasing the 

efficiency of the "thermal envelope" and improving the efficiency of 

the heating and cooling systems and other household equipment. 

Households can increase thermal efficiency by adding insulation, 

adding storm windows, and reducing infiltration by caulking and 

weatherstripping. Technology already available can at least double 

the energy efficiency of housing, but further improvements in 

technology can promise a significant impact on savings (U.S. OTA, Vol. 

I, 1979). According to Stobaugh and Yergin (1979), a family occupying 

a residence can substantially reduce its household energy use with no 

loss of comfort. 

Behavior as it Relates to Residential Energy Use 

A number of variables influence the total amount of energy used 

in a household. According to work done by Princeton University 

researchers (Socolow, 1978), the level of energy use in a given home 

is greatly influenced by the attitudes, choices, and behavior of its 

occupants. In a sample of nine identically constructed townhouses, 

eac;h with similar orientation and equipment, the units of natural gas 

used for heating varied by as much as a factor of 2 to 1. When the 

occupant changed, gas consumption al so changed. During the 1972 and 

1976 monitoring period, one house moved from the highest gas user to 

the lowest user when the occupant changed (Socolow, 1978). Data on 

the direct impact of behavior on energy consumption have only recently 

, become available and the early returns indicate that the way an 
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occupant uses a home makes a substantial difference in how much energy 

the household uses (Carr, Feng and Schwartz, 1978; Socolow, 1978). 

For example, thermostat and air-conditioning settings can greatly 

impact residential energy use. The amount of hot water a family uses 

for various activities will substantially impact on·the amount of 

energy used to heat the water. Such factors as the types of window 

coverings and their use, using natural or mechanical ventilation, and 

opening and closing doors all combine to affect the total energy use 

of any given household. Family living patterns and the behavior of 

individual family members impact total residential energy use. Based 

on research findings, Bailey (1979) suggested that energy 

conservation policies and programs should focus on incentives designed 

to bring about behavioral changes. 

Adoption of Energy Conservation Practices 

Americans are responding to increased energy costs by reducing 

the direct use of energy in the home. The pattern of energy use 

established by households in the 1960 1s has changed dramatically. 

Residential energy use, which grew at a rate of 4.6 percent per year 

during the 1960 1 s, has grown at an average of 2.6 percent per year 

since 1970 (U.S. OTA, Vol. I, 1979). 

According to a study sponsored by Honeywell 1s Energy Management 

Information Center (Survey, 1983), home energy costs rank second only 

to the cost of food as a consumer concern. In the Honeywell study, 68 

percent of the Honeywel 1 survey respondents had implemented energy 

conservation efforts in their homes. A majority believed that they 

could further reduce their energy use without a serious reduction in 
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their standard of living. Nearly 40 percent said they would like to 

cut back further on energy use but could not. Lifestyle reasons, such 

as personal comfort and work schedules, were cited most often (35%) as 

obstacles to further cutbacks. Of the respondents, 32 percent gave 

the lack of motivation and inability to control family behavior as 

reasons for not conserving, while 13 percent cited economic reasons 

such as the cost of a new furnace or energy saving equipment. 

Further, according to these findings, older, less educated, and poorer 

respondents were less likely to believe they could cut back on energy 

use without jeopardizing their standard of living. 

No single factor determines the ultimate amount of energy used in 

a home. It is clear, however, that individuals and families are in 

control of a significant portion of the decisions that affect energy 

use. In short, within the real limits of finances, technical 

capabi 1 ities, and knowledge, these households control the operational 

aspects of home energy use. Certain characteristics of the family 

unit influence an individual or family's decision to adopt 

conservation practices. These characteristics include socioeconomic 

1 evel, stage of life cycle, life style and personal preferences, and 

beliefs of individual family members (Bailey, 1979; Bronner, Lindamood 

and Hanna, 1983; Marganus, Olson and Badenhop, 1982). 

Special Needs of Limited Resource Households 

A national survey conducted by the Ford Foundation (1976) 

reported that lower income households use less energy in maintaining 

their households; however, they spend a greater portion of their 

income on direct energy costs than higher income households. 
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According to a report prepared by Consumer Federation of America for 

the U.S. Office of Technology Assessment (U.S. OTA, Vol. II, 1979), 

between 1974 and 1985 the percentage of income spent on home fuels 

wi 11 increase dramat i ca 11 y for all income groups, but the greatest 

percentage increases wi 11 be for the low income group. Table II 

summarizes this projected trend. According to this report, the burden 

of home energy costs are greatest for low income consumers and will 

become more acute in the future. 

TABLE II 

PERCENT OF DISPOSABLE INCOME SPENT ON HOME FUELS 

Percent of Poverty Line 1974 1985 

Less than 100 13.0 20.9 

Less than 125 10.7 17.5 

125 to 199 5.7 9.3 

200 to 300 4.2 6.9 

More than 300 2.8 4.7 

A 11 househo 1 ds 3.9 6.2 

The consequences of increasing energy prices are particularly 

severe for the aged. Typically the elderly must manage on a fixed or 

declining resource base while expenses such as medical services and 

food continue to rise in price. Another factor amplifying the impact 
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of energy price increases on the elderly is the structural condition 

of most elderly housing. Elderly Americans are far more likely to be 

found living in high energy consuming single family dwellings. The 

majority of, the elderly own their own homes and over half of those 

homes are over 30 years old. For the elderly in all income groups, 

the burden of rising energy prices is greater than for other age 

groups. The Consumer Federation of America Study on Energy (U.S. OTA, 

Vol • II, 19 7 9) projected that th, s trend wi 11 become more pronounced 

in the future as indicated in Table III. 

TABLE II I 

PERCENT OF DISPOSABLE INCOME SPENT ON 
HOME FUELS ACCORDING TO AGE 

Percent of Poverty Line Age 

Less than 100 Less than 60 
60 or Older 

Less than 125 Less than 60 
60 or Older 

125 to 199 Less than 60 
60 or Older 

200 to 299 Less than 60 
60 or Older 

300 or Greater Less than 60 
60 or Older 

All Households Less than 60 
60 or Older 

1974 1985 

11. 4 18.5 
16.2 27.0 

9.3 15.9 
13.7 22.7 

5.3 8.4 
7.4 12.6 

4.1 6.3 
5.0 8.3 

2.7 4.7 
2.8 4.8 

3.7 5.9 
4.7 7.4 
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Table IV further indicates a slightly greater burden of energy 

costs on rural households (U.S. OTA, Vol. II, 1979) 

TABLE IV 

PERCENT OF DISPOSABLE INCOME SPENT ON HOME FUELS 
SCALED BY POVERTY LINE AND LOCATION 

Percent of Poverty Line Location 1974 

Less than 100 Urban 12.4 
Rural 14.0 

Less than 125 Urban 10.2 
Rural 11. 7 

125 to 199 Urban 5.3 
Rural 6.6 

200 to 299 Urban 4.1 
Rural 4.9 

300 or Greater Urban 2.7 
Rural 3.3 

All Households Urban 3.6 
Rural 5.1 

1985 

20.4 
22.0 

17.0 
18.5 

9.1 
10. 0 

6.7 
7.6 

4.6 
5.3 

5.9 
7.7 

Clearly in relation to other groups, limited income households 

pay larger portions of their income.for residential energy and live in 

less thermally efficient dwellings. Further, within the ranks of low 

income groups, the cost of energy is felt most severely by elderly and 

rural households. Clearly, these groups fall within the limited 

resource category. 
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Programs Designed to Assist Limited 

Resource Households 

Policymakers at federal, state, and local levels have recognized 

the special needs of limited resource households and have established 

a variety of programs to assist this group. In fact, recognition of 

the need for energy related assistance was underscored in the 

administration's National Energy Plan which stated: 

No segment of the population should bear an unfair share of 
the total burden, and none should reap undue beriefits from 
the nation's energy problems. In particular, the elderly, 
the poor, and those on fixed incomes should be protected 
from disproportionately adverse effects on their income 
(U.S. Executive Office of the President, 1977, p. 27). 

Basically, three approaches to assist limited resource households 

were used by policymakers at local, state and federal levels. These 

include (1) monetary q.Ssistance to pay utility bills, (2) 

weatherization services, and (3) education to stimulate self help. 

Policymakers placed a strong emphasis on monetary assistance and 

weatherization and placed little emphasis on energy education for the 

limited resource sector. Energy education programs have focused on 

middle to upper income households because limited resource households 

have been considered unable to help themselves when managing household 

energy problems. According to a report prepared by Consumer 

Federation of America: 

It can be assumed that the ability of low-income consumers 
to conserve could be increased to some extent by educational 
efforts. However, although individual households could be 
taught how to improvise weatherstripping, or in some cases, 
how hot water heaters or wood stoves could be used more 
effectively, for the most part, low-income consumers cannot' 



conserve energy because of their lack of financial resources 
to make energy conserving hornet improvements. Any effort to 
stimulate residential conservation by the low-income 
population, therefore must be accompanied by the resources 
necessary to accomplish such conservation (U.S. OTA, Vol. 
II, 1979, p. 89). 
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The Consumer Federation of America concluded that limited resource 

households are not in a position through self-help efforts to reduce 

residential energy use. Others (Braun, Williams and Murray, 1979; 

Murray, L., 1978) however, conclude that limited resource households 

can ·reduce household energy use and increase comfort through self-help 

efforts which are motivated by energy education. Nonetheless, the 

primary focus of limited resource energy programs has been on monetary 

subsidies and weatherization rather than education.designed to 

stimulate self-help. 

Braun, Wi 11 iams and Murray (1979) developed their program on the 

concept that money resources are on~y one group of resources available 

to the household coping with energy problems. These authors contend 

that although money income is a major resource available to families, 

other resources should also be considered in coping with energy 

problems. Money income aione does not achieve a desired level of 

living. No resource available to the family is used in isolation. In 

any given situation, a·family uses a combination or mix of resources 

to accomplish desired goals. Liston (1966) classified family 

resources by seven dimensions: money, property, human, community, 

natural, space, and time. Encompassed within several of these 

dimensions are two resources of great importance, namely: human 

energy and information. Families on a modest money income that do 
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we 11, kn ow how to manage these 1 imited resources by substituting more 

plentiful resources for those available in less adequate quantities. 

Kyrk (1953) referred to the variety of resources available to the 

family when she pointed out that the income of a household economic 

unit consists of both money and nonriloney receipts. Money receipts 

include inflow during a specified time period from paid employment 

earnings of all members who are considered part of the economic unit; 

profits from business enterprise, rents, royalties, interest and 

dividends from investments; transfer payments; gifts; and, other 

miscellaneous sources. Nonmoney income includes inflow of goods and 

services during a period of time from sources other than money and 

includes estimated use-value of occupancy of owned dwelling and of 

other durable goods owned; unpaid services of family members; and, 

goods or services received as gifts or from the natural environment. 

The patterns of income from money and nonmoney sources differ widely 

within given households from time to time and among households from 

pl ace to pl ace at a given time. Therefore, the levels of household 

consumption cannot be predicted in terms of money income available. 

Rather, consideration must be given to total income, of which real 

income is an essential part. According to Gross, Crandall and Knoll 

(1973), total income is the flow of goods and services for consumption 

during a period of time (i.e., real income), whether these goods and 

services are obtained through use of a medium of exchange or from 

other sources. 

Energy education for limited resource households is developed on 

the concept of a resource unit available to households in coping with 

residential energy problems. This means that although households may 
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have 1 imited monetary resources, they have a wide variety of both 

human and non-human resources to draw on when addressing residential 

energy problems. 

Energy Assistance Programs 

Smith (1982) compiled an overview of federal energy assistance 

programs from 1974 to 1981; the overview provides the following 

information. The federal government established the Energy Crisis 

Assistance Program (also referred to as the Special Crisis 

Intervention Program) through the 1974 Amendment to the Economic 

Opportunity Act. This program was intended to provide immediate 

relief to low income co~sumers from the burdens of increased 

residential energy prices. This 11 crisis assistance 11 program was 

administered by the Community Services Administration (CSA) through 

local Community Action Agencies. Although the CSA program provided 

financial and some in-kind (i.e., blankets or clothing) heating 

related aid to low income households with emergency needs, it 

primarily assisted eligible households in weatherizing their homes. 

In order to be eligible for assistance, households had to have an 

income below 125 percent of the poverty level. 

In 1977, 1978, and 1979 the federal government reaffirmed its 

commitment to provide energy related assistance to the poor and needy 

by appropriating $200 million for assistance programs. The thrust of 

these programs was on crisis assistance and involved the provision of 

emergency fuel supplies to eligible recipients mainly through direct 

payments to fuel vendors. 
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President Carter announced the decontrol of domestic oil prices 

in April of 1979. Price increases associated with decontrol, along 

with increases in the Organization of Petroleum Exporting Countries 

(OPEC) crude oil prices, contributed to even higher energy prices in 

the United States. Recognizing the hardship that these higher prices 

would impose on limited resource households, the federal government 

significantly increased its efforts to aid limited resource households 

by appropriating $1.6 billion for energy related assistance for fiscal 

year 1980. The over al 1 program consisted of two major components: 

The Energy Allowance Program and The Energy Crisis Assistance Program. 

Und~r the Energy Allowance Program, the Department of Health and Human 

Services allocated $400 million to those persons who were receiving 

Supplemental Security Income (SSI), that is the low income, 

handicapped, and elderly, to assist in defraying higher energy costs. 

In addition, $800 million was set aside for the states as block 

grants. Under the guidelines for the program, energy assistance was 

restricted to households with income not to exceed 125 percent of the 

poverty level with the exception of those households which had already 

qualified for another welfare program such as Food Stamps, Aid to 

Families with Dependent Children, or General Assist.ance. 

The Energy Crisis Assistance Program represented an extension of 

the Crisis Intervention Program that was administered by the Community 

Action Administration. This program made available an additional $400 

million to the states to provide aid to low income families with 

unforseen energy related contingencies. The energy assistance program 

for fiscal year 1981, for the most part, followed the blueprint of the 

fiscal year 1980 program with a budget increase of $1.85 billion. 
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The Reagan Administration had proposed for each fiscal year since 

1981 reduced funding for energy assistance pro·grams. In addition, the 

current administration has sought to consolidate low income assistance 

for energy and non-energy related emergencies. To date, Congress has 

blocked consolidation proposals and substantial funding cuts. 

However, the Reagan Administration continues to propose reduced 

budgets and consolidated block grants to the states to cover fuel and 

other energy assistance. Such proposals indicate a lower priority in 

the future for energy assistance programs at the federal level. 

According to a report cited by Smith (1982) and prepared by the 

Trans Century Corporation, problems associated with limited resource 

energy assistance efforts, due in part to funding delays in the 

allocation of funds and difficulties in interpreting and administering 

program guidelines, prompted some program participants, taxpayers, and 

policymakers to characterize the programs as 11 ineffective, short-term, 

shortsighted, and too litt_le too late 11 (Smith, 1982, p. 216). Others 

consider energy assistance a 11 band-aid 11 measure, one which does not 

get at the root of the problem but only addresses relieving some of 

the most severe symptoms of the problem (U.S. OTA, Vol. II, 1979). 

In addition to federally funded energy assistance to limited 

resource households, several states initiated their own assistance 

programs. Unlike the federal efforts, many state initiatives did not 

1 imit assistance to emergency needs. Moreover, the state programs 

used a variety of benefit delivery systems that included fuel stamps, 

two-party checks, state income tax credits for program participants, 

sales tax credits for energy providers, and vouchers (U.S. OTA, Vol. 

II, 1979). State energy assistance programs are continuing to meet 



21 

with a variety of implementation and delivery problems. Many states 

are experiencing difficulty with assistance programs reaching those 

households with the most need. With current budget problems being 

experienced in several states, many have considered or are considering 

discontinuation of state funded ener_gy assistance programs. 

Smith (1982) pointed out in his article that many of the concerns 

raised about the formulation and delivery of energy assistance 

programs at both state and federal levels have their roots in the 

Congressional preferences for short range rather than long range 

planning. Since members of both state and federal legislative bodies 

face elections every two to four years, there is a bias toward 

concentrating on those pressing issues that lend themselves to short 

term planning. The immediate rieed of energy assistance with-in a 

1 imited time frame therefore, would seem to be a prime candidate for 

short term planning. However, the yearly consideration of energy 

assistance during the federal and state budget process has not been 

conducive to building upon strengths and weaknesses of the previous 

year• s program. Formal evaluations of assistance programs have not 

been conducted by project personnel or outside researchers. Program 

modifications that have been implemented have primarily been the 

result of Congressional hearings that highlight specific energy 

related problems encountered by needy households rather than the 

result of a systematic and comprehe.nsive assessment of the operation 

of previous assistance efforts. Moreover, under the present one year 

funding approach, planning for the succeeding year's program is well 

underway before the previous year's program is in full operation. 

According to Smith, 11The importance of good data on program activities 
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cannot be overemphasized. The lack of such data has no doubt hampered 

program planning and evaluation efforts to date 11 (Smith, 1982, p. 

260 ). 

Weatherization Programs 

The Emergency Energy Conservation Services program authorized by 

the Economic Opportunity Act of 1974 was designed to enable low income 

households, including the elderly and near poor, to participate in 

energy conservation programs. The energy conservation programs were 

to lessen the impact of energy prices on limited resource groups and 

reduce residential energy consumption. The focus of the Emergency 

Energy Conservation Services program was on weatherization. The 

program was administered by the Community Services Administration 

(CSA). Through the program, local Community Action Agencies provided 

energy conserving home improvements at no charge to the limited 

resource households. In 1978, the Energy Conservation and Production 

Act mandated a supplemental weatherization program to be administered 

by the Department of Energy (DOE). The purpose of the DOE 

weatherization program was to assist in achieving a prescribed level 

of weatherization for targeted dwellings, particularly those of the 

elderly, handicapped and low income. The program also was designed to 

aid limited resource households least able to afford higher utility 

bi 11 s, and to help them conserve energy. The program was implemented 

through the states by Community Action Agencies, which had carried out 

the CSA weatherization program. The basic difference between the CSA 

and DOE weatherization programs was that CSA focused on ameliorating 

the impact of high energy prices on limited resource households while 
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the DOE program aimed at maximizing units of energy conserved within 

the limited resource residential sector. 

Much of the success or failure of these weatherization programs 

in a particular area depended upon local factors, such as the 

availability of labor and other federal, state and local resources to 

supplement and support the weatherization efforts. Local policy 

adv i so r y comm i t tees advised the Community Action Agency (CAP) on how 

best to implement the program, including decisions such as which homes 

to weatherize, how much to spend on each within the guidelines, and 

where to purchase materials. The ·majority of committee members were 

1 imited resource consumers who served along with utility company 

representatives, local officials, and community leaders. Some factors 

contributing to the effectiveness of the weatherization program were 

mandated from the federal level, for example, how funds could be 

expended; what types of improvements could be made; and the amount of 

funds that could be used to cover labor and administrative costs. 

Program effectiveness was based on an estimated fuel savings of 15 to 

35 percent. Actual savings, which have not been documented to date, 

depend greatly on whether the agency attempted to cover as many homes 

as possible or did a thorough job on those dwellings weatherized (U.S. 

OTA, Vol. II, 1979). 

The Consumer Energy Council. of America Research Foundation 

completed a comprehensive evaluation of the effectiveness of low 

income weatherization programs with particular emphasis on the results 

achieved in the low income weatherization program conducted by the 

United States Department of Energy (Consumer Energy Council of 

America, 1981). The Consumer Energy Council of America study examined 
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the effectiveness of the weatherization of 6,000 homes in 25 states. 

General study results were as follows: 

1. For the DOE program, the average investment in 

weatherization was $968 per house and the reduction in 

energy consumption averaged 26.7 percent. 

2. For the weatherization conducted by Community Services 

Administration, the average investment was $1,742 per 

house and the reduction in energy consumption was 30.5 

percent. 

3. For weatherization performed on non-low income homes by 

research institutions and private companies, the average 

investment was $1,132 per house and the reduction in 

energy consumption was 31 percent. 

The Consumer Energy Counci 1 of America concluded that there is no 

doubt that weatherization can accomplish major energy savings. 

Further, low income weatherization programs seem to save approximately 

the same amount of energy as non-low income weatherization programs. 

This was especially tru.e when analysis was restricted to a basic set 

of conservation measures and not a complete retrofit, which is very 

costly and goes beyond the general approach of the weatherization 

program. Based on a model developed by the Consumer Energy Council of 

America, a combined weatherization and assistance approach was 

preferable to an assistance only approach because the combined 

approach was determined to be more cost effective in delivering energy 

services to 1 imited resource households. Further when analyzing the 

economics of weatherization, the Consumer Energy Council concluded 
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that the costs of weatherization programs are low when compared with 

the costs of producing energy. Moreover, this group concluded that 

11 the cost of conservation is competitive with the cost of the cheapest 

source of produced energy, natural gas 11 (1981, p. 54). 

Although weatherization seems to be a very effective method of 

helping limited resource households cope with rising energy prices, 

the Consumer Federation of America pointed out that with current 

funding levels at an average cost of $800 per house, it would take 40 

years for the 10 mi 11 ion limited resource households in need to be 

weatherized (U.S. OTA, Vol. II, 1979). Programs generally have 

waiting lists of hundreds of eligibie households. 

The tenuous nature of federal funding is often cited as a 

significant problem. Because funding and allocation is provided on an 

annual basis by Congress, program administrators never know if or how 

much they are to receive in the following year. It is therefore very 

difficult to conduct long range planning and coordination. It is also 

difficult to retain the most qualified staff. Similarly, at the local 

level, the amount and uncertainty of funding creates a sense of 

insecurity. According to the Consumer Federation of America, this 

results in 11 ••• a preoccupation on the part of many CAP 1 s with 

impressing decision makers with the sheer numbers of dwellings they 

have insulated. As a result, quality suffers 11 (U.S. OTA, Vol. II, 

1979, p. 158). 

Energy Education Programs 

Using data from a large number of studies completed in the area 

of consumer attitudes and behavior with respect to energy 
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conservation, the U.S. Office of Technology Assessment (Vol. I, 1979) 

concluded that consumers are becoming more aware of the need for 

conservation but that this awareness does not necessarily lead to 

conservation behavior. However, many consumers lack practical 

knowledge concerning the accomplishment of conservation and have a 

degree of mistrust about government and industry as information 

sources. In their report they further stated that impediments to 

consumer conservation include inadequate information, conflicts with 

other goals, lack of perceived financial reward, doubts about others' 

motivations and commitments, and complacency about forthcoming 

technological solutions. 

These conclusions clearly point to a need for quality energy 

education which moves individuals and families from the point of 

awareness to adoption of energy efficient practices. Education is 

essential to providing the basis of informed decision making by a 

sizable segment of the population. How this educational challenge is 

met now and in the future will in large part determine the quality of 

technological solutions to be developed, but most importantly, will 

affect· energy use habits of generations to come (United States 

Department of Energy, 1979). 

There are some basic measures which all households can take to 

reduce residential energy use, however in order for households to take 

advantage of any potential benefits of conservation measures 

available, it is necessary for them to be aware first of the existence 

and nature of the problem and second, of what to do and where to go to 

deal with problems. Even when limited resource households identify 

their difficulties related to energy use, they are often unaware of 
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ways in which to best deal with their problems. In addition, energy 

saving goods which are available, such as home insulation and fuel 

efficient heating and cooling systems, are often not within the range 

of affordabi 1 i ty of the limited resource household. Low budgets for 

outreach efforts associated with federal conservation and home repair 

assistance programs limit the number of limited resource households 

directly informed of these programs (U.S. OTA, Vol. II, 1979). 

It is important that households receiving home weatherization 

assistance also receive education related to residential energy 

management. Proper maintenance and lifestyle of household members 

living in a retrofitted home can make a great difference in the actual 

effectiveness of the retrofit job. The Community Services 

Administration found more than a 50 percent difference in energy 

savfngs in houses with identical physical characteristics from a 

National Bureau of Standards retrofit experiment in New Jersey. This 

study concludes that it is very important that occupants of 

weatherized houses understand what has been done to their homes and 

what they need to do to obtain the maximum benefit from the 

weatherization (Socolow, 1978). 

The Consumer Federation of America pointed out that simply 

distributing literature or informing consumers of ways to conserve 

energy is not enough; education targeted at limited resource 

households must be credible. They concluded that consideration must 

be given to the difficulty of changing habits of elderly people (U.S. 

OTA, Vol. II, 1979). Thus, energy education targeted toward the 

1 imi ted resource household must take into consideration special needs 

and limitations of this group if it is to be successfully implemented. 
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Nowak (1983), in a discussion of land conservation education, 

outlined four objectives that must be met if conservation education is 

to be effective. These could also apply to energy conservation 

education. The four objectives were (1) to assist in recognizing 

instances of excess, (2) to recognize the causes of excess, (3) to 

promote appropriate conservation technologies (technologies do not 

sell themselves), and (4) to assist program managers and audiences in 

understanding conservation decisions. Further, Nowak (1983) made some 

suggestions regarding the implementation of conservation education. 

First, it is important to increase the visibility of the 

product--conservation. According to Nowak, you do not wait for the 

public to ask about conservation efforts; you tell them quite 

explicitly,· using many different communication techniques. He also 

suggested that critical areas of need be targeted with conservation 

education thrusts. In addition, technolog.ies must be adapted to local 

situations, according to Nowak. 

Energy Extension Service 

Congress, by creating the Energy Extension Service (EES) and 

appropriating $15 million to fund EES for fiscal year 1979, recognized 

that something. was needed to encourage small energy users, including 

private households, to adopt energy conservation. Energy Extension 

Service was considered an alternative approach to assisting small 

energy users cope with energy related problems. Highlights of the EES 

approach included the following: 



1. One-to-one communication with small energy users, as 
. 

opposed to the traditional mass information and education 

programs. 

2. The need for a long-term investment, focusing on 

fundamental change occurring over time. 

3. Diversity--encouraging services tailored to the specific 

needs of different types of energy users in different 

parts of the country. 

4. The use of existing institutions--using those 

institutions most appropriate to meeting the needs of a 

particular type of energy user. 

5. Flexible response--rewarding, rather than penalizing 

institutions which adjust their energy outreach services 

when not effective. 

6. Institutional credibility--assure that the institutions 

offering outreach services are highly respected among the 

people they serve. (U.S. Department of Energy, 1979). 

The Energy Extension Service Program. was piloted in ten states 

for 18 months to determine the best implementation strategies. Based 

on a review of the ten EES pilot projects, the National Ehergy 

Extension Service Advisory Board concluded· that personalized technical 

assistance and information ih energy conservation worked to stimulate 

smal 1 energy users to save energy or to switch to renewable energy 

sources. The advisory board made a variety of recommendations; among 

them were the following: 

29 



1. The EES program should have adequate funding--at least 

$35 mi 11 ion would be necessary to nationally deliver the 

range and type of services delivered in the pilot states 

program. 

2. The Department of Energy (DOE) sho.uld continue to 

emphasize in the EES program states: control, diversity, 

local delivery, and one-to-one contact with small energy 

users. 

3. Where appropriate, the DOE should encourage the transfer 

of EES program responsibility from the state level to 

delivery organizations at the local level. 

4. The DOE should encourage EES programs to address the 

energy problems of low income clients in urban and rural 

areas. 

5. The DOE should incorporate the lessons learned in the 

pi 1 ot program, in management and operations, into the EES 

regulation and procedures for the nationwide program. 

30 

The Energy Extension Service was not intended by Congress, nor 

was it seen by its federal and state administrators, to focus on 

limited resource households. The low income weatherization assistance 

came from the Department of Energy's low income program, while Energy 

Extension Service funds were aimed at the general public. Of the ten 

EES pilot states, eight had a residential sector emphasis. One of 

these programs was oriented primarily at low and moderate income 

residents and another had a low income program component. The 

majority of the pilot programs focused on education for the general 
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public. This trend has continued after the Energy Extension Service 

was implemented on a national level (U.S. Department of Energy, 1979). 

Energy Audits 

The Residential Conservation Service was mandated by Congress in 

the 1978 National Energy Plan. The primary purpose of the program was 

to provide residential energy users with detailed information related 

to the thermal efficiency of their home. Major public utilities were 

required to provide computerized energy audits to their residential 

customers. The computerized energy audit is an educational tool 

designed to analyze the thermal efficiency of a specific house and to 

provide detailed benefit and cost information on a variety of energy 

conserving measures. Audits are obtained from all major utility 

companies under the provisions of the Residential Conservation Service 

program. In addition, in Oklahoma, all rural electric cooperatives 

offer a computerized energy audit to their customers. The cost for an 

audit varies from company to company, but usually costs $15 or less. 

Special rates are often available for senior citizens and low income 

households. Audits offered by rural electric cooperatives are free to 

cooperative customers. 

After a residential customer requests an audit, a trained and 

certified auditor surveys the house and,indicates how the house uses 

energy. They tell the customer ways to reduce energy consumption and 

help the customer determine whether solar or wind energy equipment 

would be feasible for a specific residence. When the audit is 

complete, the auditor discusses the results with the customer, gives 

detailed information about each energy saving recommendation, and 
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answers questions. The customer is given cost estimates for 

recommended improvements and information about materials and 

suppliers, equipment suppliers, installation, and financing (Planergy, 

1981). 

In 1982, a comprehensive evaluation of the Oklahoma Residential 

Energy Service, the ECHO program, was conducted. The following 

summary of findings is relevant to this research: 

In summary, the ECHO Home Energy Audit Program is very 
effective in influencing customers who participate to 
conserve energy more conscientiously. However, it is not 
effective in the sense that only one percent of all 
customers elect to participate. Those participants are 
clearly more affluent than the average consumer. The lower 
income customers are not benefitting from the program due to 
their lack of participation, which can be caused by either 
an unwi 11 i ngness to pay the $15 fee or simply not knowing 
about the availability of the program (Elrick and Lavidge, 
Inc., 1982, p. 8). 

To date, an evaluation of the rural electric cooperative audit program 

in the State of Ok 1 ahoma has not been conducted to determine the 

impact of this program. However, the evaluation of the Oklahoma ECHO 

Home Energy Auditing Educational Program indicates that it is not 

reaching the limited resource segment of the state. 

Cooperative Extension 

The Cooperative Extension Service of the United States Department 

of Agriculture was established under the provisions of the Smith-Lever 

Act of 1914. It is the largest_informal educational network in the 

world, with programs in operation in every state, the District of 

Columbia, Guam, the Virgin Islands, and Puerto Rico. The Cooperative 
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Extension Service is decentralized, it emphasizes the local definition 

of problems and needs. 

The Cooperative Extension Ser.vice is acknowledged to be an 

effective program, however it does not generally aim its programs at 

particular groups, such as limited resource households. According to 

a report prepared by the Consumer Federation of America (U.S. OTA, 

Vo 1. I I , 19 7 9 ) , the Cooperative Extension Service has done much more 

for middle and upper income groups than it has done for the poor. 

The Cooperative Extension Service began its energy education 

campaign about one year before the OPEC embargo. Since that time, 

Cooperative Extension Service has distributed a wealth of energy 

conservation information written at both the federal, state, and 

county levels. Cooperative Extension Service energy conservation 

literature is usually written on a higher vocabulary level than is 

generally considered appropriate for reaching low income people. For 

example, Tennessee Valley Authority (TVA) found that the energy 

conservation materials it had distributed to limited resource 

consumers in the valley were not sufficiently comprehensible to the 

target group, which had an average educational level lower than that 

of other groups. As a result of this experience, TVA shifted to 

educational materials on a third grade reading level. The Cooperative 

Extension Service normally targets fourth grade reading level when 

preparing educational materials (U.S. OTA, Vol. II, 1979). 

A delivery system successfully used by the Cooperative Extension 

Service to reach low income households is the Expanded Food and 

Nutrition Program. This program, which has been operational for over 

a decade, uses paraprofessionals to work on a one-to-one basis with 
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low income families with children to help them improve their nutrition 

and dietary habits. Extensive evaluations of this program have 

documented the effectiveness of this paraprofessional, individualized 

approach to nutrition education (French, Christopher, and Shieh, 

1981 ). The Consumer Federation of America (U.S. OTA, Vol. II, 1979) 

suggested that the Expanded Foods and Nutrition Delivery model could 

be successfully transferred to provide energy education to limited 

resource househo 1 ds. According to Consumer Federation of America, 

this approach could help insure that low income people, especially 

those in rural areas, be given the fullest possible opportunity to 

learn and benefit from energy co~servation techniques. To date the 

transfer of the Expanded Foods and Nutrition model to energy education 

for limited resource households has.not been extensively implemented. 

With the exception of energy programs conducted by Oklahoma and Texas 

Cooperative Extension, there is no documented evidence of energy 

programs using the Expanded Foods and Nutrition model. 

In several states, the Cooperative Extension Service and the 

Energy Extension Service have joined and cooperatively implemented 

energy education programs. Generally, funds have been used by the 

Cooperative Extension Service to implement programs which meet joint 

and compatible objectives of Cooperative Extension and Energy 

Extension Service. Again, the primary focus of these joint programs, 

has not been on the limited resource sector, but on small energy users 

in general. 

The Cooperative Extension Service has increasingly been 

challenged to identify and evaluate program results. In 1982 in 

response to changing accountability and eva 1 uati on demands, state and 
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federal Extension units established the National Accountability and 

Reporting Service. The focus of the new system represented a shift in 

emphasis, from reporting staff inputs and number of program 

participants to reporting program results. Further, the system was 

designed for proactive and systematic program planning, 

implementation, and evaluation. This new reporting system required 

identifying and highlighting the economic and social consequences of 

Extension programs. The approach also required development of 

programs that incorporated accountability and evaluation plans into 

plans of work and program design. Further, within each program area, 

i.e., Agriculture, Home Economics, Youth and Rural Development, major 

program thrusts were identified for a four-year period. These program 

thrusts, or major program areas, form the content base for the new 

accountabi 1 ity and reporting system. Within Home Economics, family 

financial security, energy and environment, foods and nutrition, and 

safety were identified as the four major program areas. Again, energy 

was identified as an important educational thrust. This system will 

take several years to fully implement. The new system was developed 

using four-year plans of work for staff and three types of program 

accountability and evaluation: (1) impact studies, (2) accomplishment 

reporting, and (3) input and participation information. Impact 

studies are technically valid, in-depth, national or state evaluations 

conducted to assess the economic and/or social consequences of 

selected high priority programs. Accomplishment reporting consists of 

brief narrative reports of program results and supporting statistical 

data representing statewide aggregation of data for each major program 

area. Accomplishment r'eports are housed at the federal level in a 
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computer retrieval system. Input and participation information is 

comprised of data reported in numerical form, including resources used 

to conduct Extension programs and participants served (State, 1982). 

For this study, thirty-five Cooperative Extension residential 

energy re 1 ate d pro gr am accomp 1 is hment reports were retrieved and 

reviewed for residential energy projects reported .during 1982 and 

1983. These reports were reviewed for the present study to determine 

if eleven project design, implementation, and evaluation components 

were reported. The eleven components were selected to determine if 

Coop er at iv e Extension energy programs imp 1 emented during 1982-1983 

were designed to meet the special needs of limited resource 

households. Further programs were reviewed to determine if program 

impact was systematically determined and documented in a benefit/cost 

framework. The eleven components are 

1. Focus on an audience of low income, elderly, isolated, 

and/or handicapped individuals and families, i.e., 

limited resource households; 

2. Focus on a rural audience; 

3. Provide paraprofessional, one-to-one, or small group 

delivery; 

4. Emphasize self-help; 

5. Identify and document pre-condition of the house, 

household members and the presence of energy saving 

practices before program delivery; 

6. Identify and document the post-condition of the house, 

and energy saving practices at the close of the project 

or reporting period; 



7. Identify and document specific changes; 

8. Identify and document the cost of program implementation 

and changes made; 

9. Identify and document the benefit of changes made; 

10. Relate benefits and costs; 

11. Determine from program participants why they made 

changes. 

37 

Tab 1 e V reports the review of these 35 projects and documents the 

presence of the eleven program components. Of the 35 national 

Cooperative Extension Energy projects reviewed, 15 focused on a 

1 imi ted resource audience but only one had a specified rural focus. 

Only five of the projects used a paraprofessional, one-to-one or small 

group delivery system. However, all 35 stressed self-help solutions 

to resident i a 1 energy problems. Only four programs identified and 

reported household characteristics, housing conditions, and the 

presence of selected household energy conservation practices or 

strategies prior to project delivery. Further, only six projects 

identified and reported these conditions after project delivery. Of 

the 35 projects, 16 documented and reported specific changes made at 

the end of the project or reporting period. Ten programs documented 

the cost of project delivery and cost of making changes, while 

nineteen quantified and reported benefits to project clientele. Only 

one project report related benefits to costs. One program also 

reported asking program participants why changes were made. 

A review of Program Accomplishment Reports for Cooperative 

Extension Energy projects reported during 1982 and 1983 reveals an 



TABLE v 

SUMMARY OF RESIDENTIAL ENERGY PROJECTS CONDUCTED BY THE 
COO PERA TI VE EXTENSION SERVI CE 

Audience Focus Paraprof ess iona 1 s 
on Low Income, location One- to-One or Specific Quantified Benefit Relate ~cy 

Elderly, Isolated Rural Small Group Self-Help Pre- Post- Changes Cost-Ho,,sehold Quar.t if i ed & Bi!r.efit cr.u..:es 
Cite Title Handicapped Focus Delivery Em?hasis Condition Condition Documented Agency Etc. Oocui.:ented to Cost \-:ere ~.?.::e 

8/82 Energy and the Homeowner (Using Yes No No Yes No No No No· No No No 
tnE:r'Jy Wisely, Sohr •nd Aenew-
•ble Energies) - New York 

8/82 Energy Education - H•s5ichusetts No No No Yes No No Yes No Yes No No 

6/82 Energy (F•~ily [ducotlon) - No No Yes Yes No No Yes No tlo No ~o 
P.orth Ci~.ota 

a1a2 Fanily Aide Program - Marylind .Yes No Yes Yes No No No No No No No 

a1a2 HQr'e Er.ergy Conser.v•tion .. No No No Yes No No No No No No No 
I II inoh 

2/82 Hous ln'J and Hor.:e Improvement for Yes No No Yes No No No No No No No 
Li<· i ttd Resource Ne lghl>orhoods -
te•as 

a,a2 Ha k i ni Ore'JOR Homes Hore Energy No No No Yes No No Yes No Yes No Yes 
Efficient 

b/82 Residential Energy Conservotlon - No No No Yes No No No No No No No 
he1111 Hd::-p\htre 

8/82 west V ir'] in ia Families Assess No No No Yes No No No Yes 110 No No 
Househo Id Energy E ffk I ency 

e1a2 -:eatherizat ion - South Cu·ol in.t Yes No Yes Yes No No Yes Yes Yes No ~o 
l~'i'O [Atens.ion Program 

1ua2 ResidE:otia1 Energy Conserv•tton, No No No Yes No No No Yes Yes No No 
~torth oa;-.ota 

12/82 P.-id•,ntlal [nor1y (State Wide Yes No No Yes No No Yes No Yes No No 
Su-rar1) - Maryhnd 

I/Bl £ner•u Conserv•t1on Accept - No No No Yes No No No Yes No No No 
Colorado 

1/83 EnergJ Conservation Programs for Yes No No Yes No No• No No No No No 
the "land ic•pptd •nd Low lncme, 
Louisl•n• 

1/83 Home Jrr.proven:ent •nd Energy Con• Yes No No Yes No No No No Yes No 
serv•t ion Progro,w In 12 North 
Alob.,.. Counties 



1/83 Pf!i ident Iii 1 [ner9y Conservat ton 
Education Program, Louisian• 

No No No Yes No No No No No No No 

2/83 eehavloral Changes Save Household 
Enerrn tn Florida 

No No Yes Yes Yes Yes No Yes Yes Yes ~o 

2/83 Er.erru Conservation Accompl tshments 
In Mississippi 

Yes No No Yes No No Yes No Yes No ~o 

2/83 Energy Conservat Ion 1nd Education 
in Tennessee 

No No No Yes No No Yes No Yes No ~. 
2/83 Energy Conservation - Arkansas 1890 Yes No No Yes No No Yes Yes Yes No ~o 

2/83 Energy Conservation - Kentucky (1890) Yes No No Yes Yes Yes Yes Yes Yes No ~o 

2/&3 Energy Conservation - South Dakota No No No Yes No No No No No No !,c 

2/83 Energy H•nagement and Decision No No No Yes No No No Yes Yes No M 
Making - Missouri 

2/83 Louisiana Homes lncruse Energy No No No Yes No Yes Yes No Yes No ~o 
Efficiency 

2/83 Missouri - Home Energy Conserv1t1on No Yes No Yes No No Yes Yes Yes No ~o 

2/83 New York State Energy fn the Home No No No Yes No No No No No No ~o 

2/83 Residential Energy Conservation - Yes No No Yes No No Yes No No No No 
Mississippi 1890 

2/83 Self ltelp Weather.izatfon For Low Yes 
lnw,e Hispanics In flew Jersey 

No Yes Yes No Yes Yes No Yes No No 

2/83 Weatherizat Ion - Missouri Yes No No Yes No No No Yes Yes No ~o 

3/83 Ene,-'JY Conservation: Yes No No Yes No No Yes No Yes No ~o 
Escar.bia County, Florid• 

3/83 Energy Management Decision Miking - Ho No No Yes No No Yes No Yes No \o 
Massachusetts 

3/83 ramil les Monitor Household Energy 
Use/Cost - West Vlr9inia 

No No No Yes Yes Yes No No No No f\o 

3/83 Hou:.in'J and Re~identhl Energy No No No Yes No No No No No No ~v 
Prc..o:Jra1r1 - Montana 

3/83 Jmprovinq Resldenti•l Energy 
Eff le iency in Ark•nsas 

Yes No No Yes Yes Yes Yes No Yes ~o No 

3/83 Resldentl•l Energy H•nagement - Ho No No Yes No No No No No No rlo 
t,ebrask• 

Tot1l Number of Progr111s with 
15 35 16 10 19 Pro1r•m Cooponent Present 

Source: NARS Computer Search 

Key Words: 1) Energy, 2) Residential Energy Conservation, 3) Family Housing Energy Conservation 
w 
\,0 
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attempt to evaluate and document social and economic impacts of 

residential energy projects. These preliminary attempts reflect a 

need for refined and more sophisticated methods of evaluation and 

reporting. If economic and social consequences of programs are to be 

pointed out to influential decisionmakers, they must be collected, 

documented, and evaluated in such a way as to be easily integrated 

into policy decisions. At this point in time, these tasks have not 

been accomplished. 

Other Energy Education Programs 

Two computer searches were completed to locate energy education 

programs which had been conducted to meet the specific needs of 

limited resource households. Neither the Education Resources 

Information Center (ERIC) search or a search of the holding available 

to the National Agricultural Library (AGRICOLA) located additional 

energy education programs for limited resource households. This 

further supports that few educational programs are designed to target 

limited resource households and further, of those serving limited 

resource households, few are systematically documenting program impact 

from a benefit/cost perspective. 

Evaluating Energy Education Programs for 

Policy Formation 

Hirst (1981) indicated that few people understand energy 

conservation programs, and specifically how well they work. Adequate 

information on factors affecting energy use and the performance of 

specific projects is not available to Congress, United States 
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Department of Energy officials, state and local officials and the 

p u b l i c • B e c a u s e o f t h i s l a c k o f i n format i on , i t i s d i ff i cu lt for 

these decisionmakers to determine how much emphasis to place on 

various programs and what policies to formulate to support various 

program thrusts. 

Hanke (1979) suggests in his article that energy conservation 

policies at federal, state and local levels have been accepted and 

promoted in an unquestioned way. He further stated, that many energy 

conservation policies are not well grounded. Maximizing economic 

efficiency is an important objective for energy conservation policy 

formation, that is, to maximize the net benefits from the adoption of 

a pol icy. This objective focuses on maximizing the difference between 

the total benefits and the total costs of energy conservation 

policies. Hanke strongly suggests in his article that a policy which 

yields benefits greater than incremental costs is a desirable policy 

and should be adopted. 

Policies which support energy education for limited resource 

households should be reviewed in this economic context. If this 

approach is not taken, a variety of negative results could occur; 

among these are (1) energy education efforts which are not 

economically effective could be continued resulting in wasted 

resources, or (2) energy education programs with very favorable 

economic impacts could be discontinued due to lack of supporhte 

policies. In either case, the needs of limited resource households 

and society in general would not be adequately served. 

The present study is designed to provide benefit-cost information 

related to self-help energy conservation practices adopted by limited 
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resource households. Study results are expected to assist in the 

formulation of policy regarding energy education for limited resource 

households. The methodology used to implement the study is discussed 

in Chapter III. 



CHAPTER I I I 

METHODOLOGY 

Introduction 

The purpose of this research was to analyze the impact of 

self-help changes made by limited resource households (low income, 

elderly, handicapped, and isolated) in t~eir efforts to reduce their 

household energy use and increase the comfort of their households. 

The research focused on the impact that self-help efforts have on the 

energy use of private households and further, the potential impact on 

society in general. It was·assumed that an aggregate of conditions, 

including an educational project conducted by Oklahoma State 

University Cooperative Extension from May 1982 to May 1983, 

contributed to the households' decisions to adopt energy conservation 

practices. 

In social science, theory building and policy research are often 

conducted in situations where the independent variable is not under 

experimental control; quasi-experimental designs are particularly 

relevant in such situations. According to Campbell and Stanley (1963) 

these designs attempt to introduce logic of experimentation in 

situations lacking control over scheduling of experimental stimuli 

(the \vhen and the who of exposure) and the ability to randomize 
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exposures. This is the case of the present research study. The 

primary emphasis of the project was to deliver energy education to 

limited resource households thereby enabling households to reduce 

energy use, control utility costs and increase household comfort. 

However, project impact assessment was also an important objective. 

Resource limitations and restrictions imposed by the funding agency 

did not permit a controlled experiment, so a quasi-experimental design 

meets project objectives and fits within resource constraints. 

A variety of quasi-experimental designs have been developed in 

response to limitq..t.;,ons of traditional experimental design. Specific 

design selection is determined by the research question and 

characteristics of the particular research setting. All 

quasi-experimental designs attempt to manipulate data, to provide 

controls for confounding variables, and to probe the data for causal 

dependencies. 

It is imperative that when researchers use a specific 

quasi -experimental design they be thoroughly aware of which variables 

that particular design fails to control. When researchers interpret 

the data they must consider in detail the likelihood of uncontrolled 

factors accounting for the results. The more implausible the effect 

of uncontrolled factors becomes, the more "valid" the experiment. 

Checks of internal and external validity (Campbell and Stanley, 1963) 

make researchers aware of competing interpretations of the data. The 

researchers should design the best experiment possible, deliberately 

seeking out settings that provide the best opportunity for control. 

They should interpret the data with full awareness of the points on 

which the results are equivocal. Every experiment is imperfect, so 
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the imperfections cited for quasi-experimental design should not be 

used as excuses for not aggressively pursuing social impact analysis 

using this design approach. 

For the present study, such factors as increases in utility 

costs, increases or decreases in household income and other 

educational efforts, could have potentially influenc2d the adoption of 

energy conservation practices. These factors along with the Energy 

Education for Limited Resource Oklahomans project are taken into 

consideration. The void in research directed toward assessing the 

impact of residential energy programs, particularly educational 

programs, supports the need for this research. Such research is 

necessary if policymakers are to make sound decisions to assist 

limited resource households in coping with energy related problems. 

If social impact research is to be a tool for policy decisions it 

must be valid. Another equally important criterion for evaluating 

this type of research is usefulness. Researchers consider validity to 

be of obvious importance but usefulness is equally important to the 

policymaker. Usefulness is related to validity but must encompass 

such intangibles as the type of information the policymaker is willing 

to use and the abi 1 ity of the policymaker to obtain timely results. 

Researchers can argue that if research is not valid it will be worse 

than useless to a policymaker. As strong an argument can be made 

about the need for usefulness; if research efforts are ignored by key 

decisionmakers, their validity is somewhat beside the point. 

In social impact research directed toward policy development, 

researchers must discover the range of validity which ·will provide 

meaningful guidance to the policymaker. A variety of 
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quasi-experimental designs offer the realism of a field setting and at 

the same time provide potential for valid conclusions that can direct 

further research, program development and pol icy formation (Roos, 

1973). 

The intent of this research is to contribute to policy 

development related to assisting limited resource households to cope 

with residential energy problems. At this point in time, few data are 

avai 1 able to determine the impact of energy education in assisting 

1 imi ted resource households in coping with energy problems. Further, 

no data are currently available that document the benefits and costs 

of energy education for limited resource households. The interests of 

this researcher are (1) to determine and document the impact of. energy 

education on 1 imi ted resource households within the context of high 

utility costs and other intervening variables, and (2) to determine 

the benefits and costs of such self-help education on the target group 

and other sectors of society. Findings from this research will help 

fill the void in data needed by policymakers, at both federal and 

state levels, when they try to determine the best and most cost 

effective approach to assist the limited resource segment of the 

population with energy related problems. 

Definition of Terms 

ADOPTION: The final stage in the process of acceptance of an 

innovative idea or product, i.e., voluntary use (Perceptions of 

Alternative Housing: A Data Book, 1983). 
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BEHAVIORAL CHANGES: The changes that can be made in household 

behavior to increase comfort and decrease energy usage. These changes 

in family or individual habits and lifestyle contribute to energy 

conservation (Williams and Wilson, 1983). 

BENEFITS: The positive outcomes from educational activities or 

the favorable consequences of projects (Treasury Board Secretariat, 

1976). 

BENEFIT-COST ANALYSIS: An analytical method which provides for 

the comparison of benefits and costs in a consistent manner 

(Christensen and Pontius, 1983). • 

BENEFIT-COST RATIO: The sum of the discounted benefits of a 

project divided by the sum of the discounted costs of a project. The 

higher the benefit-cost ratio the more attractive the project 

(Christensen and Pontius, 1983). 

CONSERVATION PRACTICE: The efficient utilization and avoidance 

of waste in natural resource application (Lansberg, Schanz, Schurr and 

Thompson, 1974). 

C O S T S : T h e v a 1 u e o f a 1 1 r e s o u r c e s r e q u i r e d f o r p 1 an n i n g , 

implementation, and operation for the duration of the program 

(Christensen and Pontius, 1983). 

ENERGY: The capacity to do work and overcome resistance or 

potential forces, inherent power, capacity for action, and such forces 

or power in action (U.S. Department of Energy, 1980). For the 

purposes of this study, energy is the quantity of fuel used to 

condition residential space and do other household functions such as 

water heating, lighting, etc. 
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ENERGY CONSERVATION: The use of a minimal amount of energy to 

achieve a desired task, such as heating or cooling a structure, i.e., 

reducing waste. 

ENERGY EDUCATION: The process of developing and delivering 

education concerning efficient energy use. 

ENERGY MANAGEMENT: The process of being aware of the facts of 

energy consumption and losses within a home and of identifying the 

actual requirements or trade-offs of each energy conservation option 

relating to household safety, comfort, convenience and the use of 

other household resources, i.e., to make conscious decisions related 

to residential energy use as related to households' needs and wants. 

FAMILY: Two or more individuals residing in the same household 

related by blood or commitment. The terms household and family are 

interchangeable in this study. 

HOUSEHOLD: An individual, group of individuals, or fami·Jy 

supported by a common resource base and living in the same housing 

unit. 

OPPORTUNITY COSTS: The benefits given up for some alternative 

use of funding or other resources (Christensen and Pontius, 1983). 

LIMITED RESOURCE HOUSEHOLD: An individual or group of 

i n d i v i d u a 1 s 1 i v i n g i n t h e s am e h o u s i n g u n i t who ha v e subs tan t i a 1 

resource limitations which reduce their capabilities to 'provide for 

themselves. Limitations include one or more of the following: low 

income, old age, physical or psychological isolation, and/or physical 

handicaps. 

PARAPROFESSIONAL: A person from within the target community or 

group who is known and trusted by the group. This person is trained 

to deliver energy education to the target group. 
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PRESENT VALUE: The estimated future costs and benefits of a 

project evaluated at the time the investment decision is made 

(Christensen and Pontius, 1983). 

STRUCTURAL CHANGE: /l. prai::tice that stops infiltration and/or 

blocks heat flow through use of such things as caulking, 

weatherstripping, storm windows and doors, insulation, and window 

treatments. These changes in the physical structure of the house or 

some part thereof contribute to energy conservation (Williams and 

Wilson, 1983 ). 

SELF-HELP: The renovation of a housing unit by an owner or 

occupant with the benefit of technical assistance, guidance and 

supervision from a knowledgeable person (U.S. Congress, House 

Committee on Banking, Finance, and Urban Affairs, 1981). 

Research Objectives 

The purpose of this study was to determine and analyze the impact 

of energy conservation practices adopted by limited resource 

households in Choctaw and Pushmataha counties in Oklahoma. Specific 

research objectives were as follows: 

I. Determine the energy conservation practices adopted by 

selected limited resource households participating 

in an energy education project from May 1982 

to May 1983. 

A. Determine the pre-household and housing conditions, 

including the presence of energy conservation 

practices. 



B. Determine the energy conservation changes made by 

the households during Phase I of the energy 

education project. 

C. Determine the changes made by the households 

during Phase II of the energy education project. 

D. Analyze the differences between number of energy 

conservation practices present at the beginning of 

the project and at the two data collection points 

after implementing the project. 

II. Determine the benefit/cost relationship of the energy 

conservation changes made by the limited resource 

households in their efforts to reduce their household 

energy use. 

A. Identify Costs 

1. Do 11 ar 

a. Corporation Commission (to fund the project) 

b. Household 

c. Other agencies and groups 

2. Opportunity Costs 

B. Determine the benefits to limited resource households 

participating in the Energy Education for Limited 

Resource Oklahomans project and to society. 

1. Economic 

a. Projected utility cost avoidance 

2. Social 

a. Increased comfort 

b. Change in attitude/conservation ethic, etc. 

c. Increased ski 11 

50 
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I I I. An al y z e the be n e f i t I cost rel at i on ship in terms of policy 

alternatives and development. 

The benefit-cost analysis specifically determines the costs and 

benefits of an energy education project using the Cooperative 

Extension framework for delivery. 

Research Design 

A pretest and post-test design involving three measurements of 

the dependent variable (household energy conservation practices) was 

used in this study. In this design, households act as their own 

control group with comparisons made before and after treatment. The 

most obvious shortcoming of this design is that one cannot be certain 

that some factor or event other than the treatment is responsible for 

post-test changes (Campbell and Stanley, 1963). 

For the present study, treatment was an energy education project, 

Energy Education for Limited Resource Oklahomans, conducted in 

southeastern Oklahoma from May 1982 to May 1983. The primary 

objective of the project was to motivate limited resource households 

to adopt energy conservation practices to reduce their household 

energy use and to increase the comfort of their households. 

Households were not assigned to controlled environments, rather they 

were observed in naturally occurring conditions. No effort was rnade 

to manipulate conditions and subjects for research purposes. Every 

effort was made however, to develop a system to document ho.usehold 

changes made during the project period. Within the constraints of 

time and budget, this system can be used to assess the impact of the 
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educational effort as it and other events influenced limited resource 

households. 

This study focused on gross outcomes or change in the. number of 

energy conservation practices present in the household during the 

study period. Gross outcome was defined as the total change in a 

group subject to an intervention, regardless of whether the extent of 

change related to the intervention or to extraneous variables (Rossi, 

Freeman and Wright, 1979). 

A variety of significant events other than the energy education 

project could hav:tVcontributed to adoption or non-adoption of energy 

conservation practices by the target audience. Utility rate 

increases, changes in household income and influences of state and 

national energy awareness campaigns could have influenced decisions to 

adopt or to not adopt energy conservation practices during the 

observation period. The Energy Education for Limited Resource 

Ok 1 ahomans project conducted from May 1982 to May 1983 was also an 

event which could have contributed to household energy conservation 

efforts. 

Limitations 

The present study was limited by a variety of factors. These 

included: 

1. The independent vari a.ble in this study was not under 

experimental control. The research design did not 

control intervening variables such as utility rate 

changes, changes in family composition, changes in 

family income, and educational efforts that might have 

influenced study results. 



2. The study sample was not randomly drawn. The primary 

focus of the project from which this study comes (Energy 

Education For Limited Resource Oklahomans) was to 

deliver energy education to the target group. Energy 

education was provided to any household fitting the 

profile of the target population. Therefore, results 

cannot be generalized for all limited resource 

households. 

3. The study assumed that all participant households 

received the same quantity and quality of energy 

education. Variation in teaching methods and skills of 

paraprofessional energy educators were not accounted for 

in the study. 

4. Completeness and accuracy of data collection was based 

upon the skill, ability and training of paraprofessional 

aides as they interpreted existing household and housing 

characteristics throughout the project. 

5. The study was also limited by the knowledge and 

perception of participant households as they interpreted 

their household and housing characteristics throughout 

the project. 

6. A variety of project benefits v1as considered intangible 

fr om an economic standpoint because adequate information 

was not available to assign economic value to these 

benefits. 

7. Benefit-cost analysis is limited to those project 

components that can be evaluated in economic terms. For 
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t h e p r e s e n t s t u d y , b e n e f i t - c o s t me as u r e s were not 

imposed on project components that •t1er-= non-economic in 

nature. 

Data Source 
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Data for the present study were collected as part of the Energy 

Education for Limited Resource Oklahomans project which was 

implemented by the Oklahoma Home Economics Cooperative Extension 

Service and funded by the Oklahoma Corporation Commission. The 

purpose of the project was to implement a program to deliver energy 

management information to Oklahomans with limited resources and in 

addition help these households increase their comfort, decrease their 

energy loss and control their utility costs. The project emphasized 

inexpensive home-produced, easy-to-install methods of energy 

conservation designed to reduce heat gain in the summer and heat loss 

in the winter. 

Paraprofessional energy educators delivered the energy education 

to the target population. Paraprofessionals taught basic 

weather i zat ion practices. In presenting weatherization methods, the 

educators stressed cost effect i v en es s, ease of inst a 11 at ion, and 

reduction of heat gain in the summer and heat loss in the winter. In 

addition to these housing modifications, the paraprofessionals 

suggested how to reduce energy use by adopting energy efficient habits 

within the home. They stressed benefit-cost and wise buying practices 

when they discussed both behavioral and structural modifications with 

household members. 



Project Objectives 

The objectives of the energy education project were the 

foll owing: 

1. To help limited resource households increase their 

comfort, decrease their energy loss and control their 

utility costs. 

2. To help consumers analyze and evaluate energy saving 

products and services prior to purchase. 

3. To analyze the relationship between household 

characteristics and the adoption of energy 

conservation practices. 

4. To identify the reasons why the individuals and 

families did or did not adopt energy efficient 

practices. 

5. To develop recommendations for expanded energy 

education programs for Oklahoma residents. 

6. To encourage agencies and groups involved in energy 

education efforts to realize the importance of an 

on-going energy conservation program emphasis. 

Project Management 

Due to the time span, limits on human resources and money 

available for the project, project coordinators decided to: 

1. conduct the project in two counties; 

2. use paraprofessional energy education aides; 
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3. provide information to individuals and families on 

low-cost aspects of weatherization and a variety of 

energy efficient household habits; 

4. challenge each aide to reach 100 households through 

any means available with information to persuade 

members to adopt recommended energy management 

practices; 

5. encourage aides to work with existing groups and agencies 

such as senior citizen groups, civic, religious and 

social groups, the Department of Economic and Community 

Affairs, the Department of Human Services, utility 

companies and other resources. 
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Project coordinators provided the aides a variety of training 

experiences from mid-May 1982 to mid-May 1983. The training included 

an overview of the project and sessions on how to work with people, 

limited resource households as a special group, basic energy 

management concepts, computerized energy audits, summer and winter 

energy management strategies, and record keeping. Sessions were 

designed to introduce aides to new material and let them practice or 

experience the concepts presented. Weekly training was held after the 

aides began their field work. 

Energy education aides were provided a variety of support 

materials. These materials included a handbook containing basic 

information on the project, aide responsibilities, project forms and 

reference materials. In addition to the handbook, each aide received 

a kit of demonstration materials. These materials were designed to 
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assist the aides as they made individual contacts or worked in small 

group meetings. Techniques and energy management strategies for the 

kit contents were chosen based on the following criteria: (1) 

effectiveness in reducing household er.8~gy use and increasing comfort, 

(2) cost, and (3) feasibility of home production. 

Project Site 

Choctaw and Pushmataha Counties, located in southeastern 

Ok 1 ahoma, were the sites for the energy project. These counties were 

selected for a variety of reasons including the success of previous 

projects in these counties and the characteristics of the population. 

The energy education project served limited resource households. 

One characteristic that identifies a person or family as being a 

1 imi ted resource household is age. Generally, the older the ages of 

the individuals, the less resources they have available. According to 

population estimates of the Oklahoma Employment Securities Commission, 

Pushmataha had 16.5 percent and Choctaw had 19.2 percent of their 

population ages 65 and older. Both counties were above the state 

average of 12.6 percent of the county population 65 or older. 

A limited resource population in general tends to have a lower 

median income and educational level than the rest of the population; 

they tend to 1 ive in older, less energy efficient housing; they tend 

to have a high proportion of female headed households living alone in 

single family units; and they tend to be more isolated and less able 

to travel. Therefore, they are vulnerable to increases in energy 

costs and to persons seeking to sell goods and services to reduce 
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energy costs--often at a price inconsistent with the value of the 

goods and services. 

Pushmataha and Choctaw Counties were prime targets for the 

project based on a high proportion of their populations in the older 

age group, with unemployment rates well above the state average with 

45.4 percent and 29.9 percent respectively of the population below the 

poverty level, and with per capita incomes of $4,386 and $5,997, 

respectively (again below the state average). 

Methods Used to Reach Target Group 

The primary method used by the paraprofessionals to reach and 

teach cl ientele was the one-to-one or individualized approach. The 

paraprofessionals sought participants by knocking on doors and 

explaining the project, or by obtaining referrals from satisfied 

project participants. They used kits of visual and hands-on 

1 i t e r a t u r e t o i n t e r e s t t h e c 1 i en ts i n a var i et y of s tr u ct u r a 1 an d 

behavioral practices that could reduce energy use. In addition, 

paraprofessionals conducted home energy audits to provide data on the 

actual thermal condition of the housing unit and the potential return 

rate on energy conserving measures. 

Households selected for involvement in the project were not 

randomly selected but were selected based on need. After initial 

contact, paraprofessional aides made periodic visits to provide 

additional energy education information, to assess progress, and to 

encourage adoption of energy management strategies. At the end of 

each project phase (summer and winter), paraprofessional aides 
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co 11 ected post-treatment data to ascertain changes made by households 

participating in the project. 

Procedure for Oat~ Collection 

On or near the first visit with a limited resource household, the 

paraprofessional collected data to determine the household 

characteristics and housing conditions. These data assisted the 

project staff in determining if the target population was being 

reached and assisted the paraprofessional in addressing needs specific 

to the household. After the summer project phase and at the end of 

the winter project phase, the paraprofessionals determined which 

practices and the number of practices adopted. In addition, data were 

collected to determine why households did or did not adopt energy 

conservation practices, if they planned energy conservation projects 

in the future, and who influenced their energy conservation decisions. 

Further, data were collected to determine the amount of household time 

and money used to accomplish each conservation practice, and to 

determine if energy conservation efforts were subsidized by assistance 

from outside the household. The type of subsidy, source and amount of 

hours and/or dollars contributed were documented at the end of each 

project phase. (Refer to Appendix A for the data collection 

instrument.) 

Paraprofessionals offered each household they contacted a 

residential energy audit free of charge. They completed the audits on 

the first or second visit to the house. The paraprofessionals used 

the auditing process and output form as a teaching tool. The auditing 

process helped create a better awareness of current household 
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conditions in terms of thermal efficiencies, and assisted the 

paraprofessional in pointing out specific problem areas within the 

home. The audit not only provided cost-benefit information to the 

homeowner/renter, but provided data to establish housing conditions 

before the provision of energy education. 

The audit provided the following information on which to base 

decisions: 

1. energy consumption and cost based on current housing 

thermal efficiency and living habits; 

2. projecte.d-energy consumption and cost based on improving 
/ 

the thermal efficiency of the house to an ideal standard; 

3. projection of the percentage of energy use reduction 

4. 

5. 

which cou 1 d be achieved as a result of various housing 

modifications such as caulking and weatherstripping, 

adding storm windows and doors, and insulation; 

projected annual dollar savings that could result from 

bringing the house from current conditions to recommended 

standards; 

information on dollars that could be invested to increase 

the pay-back for these investments; and, 

6. water heating analysis which included various temperature 

settings and savings due to installing an insulation 

wrap. 

Refer to Appendix B for the computerized energy audit calculation 

methodology, input forms, and sample output. 
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Nature of Sample 

The Energy Education for Limited Resource Oklahomans project 

reached and taught individuals in 558 households in Choctaw and 

Pushmataha Counties from May 1982 to May 1983, 166 of which were 

reached during both the winter and summer project phases and had 

residential energy audits performed on the houses. These 166 

households formed the sample for the present study. Table VI 

documents the profile of the study sample. A comparison of the 

demographic profile of 558 households contacted by the project and the 

166 household sample used for the present study, indicates that both 

groups have very similar demographic profiles (Williams and Wilson, 

1983). That is, the 166 households composing the present study sample 

are not different from the 558 households contacted by the project. 

Operational Variables 

Dependent Variables 

The principal dependent variable was the number of energy 

conservation practices present in a limited resource household at a 

given point in time. For this study, a variety of conservation 

practices were identified which could contribute to efficient energy 

use. Conservation practices used in this study were both·behavioral 

and structural in nature. The focus was on conservation practices 

whose impacts on residential energy use were both well-documented and 

quantifiable in terms of reduced energy use and economic benefit. Not 

all practices could be easily converted to potential energy savings 

and economic benefits. Conservation practices docu.nented for this 
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TABLE VI 

CHARACTERISTICS OF CURRENT STUDY SAMPLE 

Chal"acteri sti c N % 

Sex of Household Head 
Male head, Female present 75 45.18 
Female head, Male present 5 3.01 
Male and Female co-heads 21 12.65 
Male head, no Female present 4 2.41 
Female head, no Male present 61 36. 75 

Age of Household Head 
18-29 years 12 7.83 
30-39 years 28 16.87 
40-49 years 26 15.66 
50-61 years 18 10.85 
62-75 years 44 26.50 
Over 75 years 37 22.29 

Education of Household Head 
8 Years or less 70 43.48 
Some High School 16 9.94 
High School Graduate 60 37.27 
High School+ Some College 10 6.21 
College Graduate or more 5 3.11 

Family Size 
One person 52 31.33 
Two persons 32 19.28 
Three persons 23 13.86 
Four persons 28 16 .87 
Five or more persons 31 18.68 

Income 
Less than $6000 87 60.00 
$6000 to·$12000 55 37.93 
$12001 to $18000 3 2.07 
$18001 to $24000 0 0.00 
Over $24000 0 0.00 

Number of Children 
Zero 82 49.40 
One 26 15.66 
Two 26 15.66 
Three 21 12.65 
rour 5 3.01 
Five or more 6 3.62 



63 

TABLE VI (Continued) 

Characteristic N % 

Residence Tyµe 
Single Family 159 95.78 
Duplex 1 0.60 
Apartment 0 0.00 
Mobile Home 6 3.61 
Other 0 0.00 

Tenure 
Rent 42 25 .30 
Own 124 74.70 
Live Rent Free 0 0.00 

Part of Utility Bill Paid 
All 157 94.58 
Part 9 5.42 
None 0 0.00 
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study fell within five categories: (1} installation of basic 

weatherization, (2) installation of window covering, (3) changes in 

the use/type of heating and cooling equipment, (4) change in the 

use/type of water heating, and (5) miscellaneous others. Each 

category includes the following energy conservation practices: 

1. Basic Weatherization Installation 

a. Ceiling insulation 

b. Wall insulation 

c. Floor insulation 

d. Duct insulation 

e. Caulking and weatherstripping 

f. Storm doors 

g. Storm windows 

2. Window Covering Installation 

a. Indoor roll-up shades 

b. Roman shades 

c. Draperies 

d. Drapery liners 

e. Window inserts 

f. Venetian blinds 

g. Outdoor roll-up shades 

h. Awnings 

i. Sun screen 

j. Solar contra 1 film 

3. Heating and Cooling Equipment: Changes in Use or Type 

a. Increased summer thermostat setting 

b. Decreased winter thermostat setting 



c. Purchased energy efficient cooling equipment 

ct. Purchased energy efficient heating equipment 

e. Added ceiling fan 

f. Added portable fan 

g. Added attic fan 

4. Water Heating: Changes in Use 

a. Repaired leaky hot water faucets 

b. Insulated hot water pipes 

c. Insulated hot water tank 

ct. Reduced hot water tank temperature 

5. Other Energy Conservation Practices 

a. Added louvered visors to window 

b. Added louvered visors to door 

c. Added louvered visors to cooling unit 

ct. Added deciduous trees 

e. Added deciduous shrubs 

f. Added evergreen trees 

g. Added evergreen shrubs 

h. Made and used windbreakers 

i. Added winter humidity 
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Each of these practices are sub-variables which make up the dependent 

variable, household energy conservation practices. 

Basic Weatherization Practices 

This category includes caulking, weatherstripping, adding storm 

windows and doors, and insulating ceiling, walls, floor and air ducts. 
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Depending on the beginning condition of a structure, these practices 

have potential for substantial reduction of household energy use. 

Caulking and Weatherstripping. In all climates, unconditioned 

air infiltrates a structure and replaces conditioned air; it then must 

be heated or cooled to the desired interior temperature. Openings in 

the structure often result from poor design or construction. 

Foundation movement, wood rot and wood warping also contribute to the 

development of holes and cracks in older homes. Caulking and 

weatherstripping are extremely cost-effective practices to reduce 

infiltration energy loss (United States Department of Energy, 1980). 

Caulking and weatherstripping are usually the most cost effective 

conservation practices most households can make. It is generally less 

costly to pay for caulking and weatherstripping than to pay for the 

energy necessary to condition the air that leaks through cracks. 

Insulation. An uninsulated structure wastes energy by allowing 

heat to flow from conditioned to unconditioned areas or from 

unconditioned to conditioned ones. To retard this heat flow, 

households can install insulation between the conditioned and 

unconditioned environments. Numerous surveys and census data 

evaluations indicate that a substantial portion of the homes in 

America need insulation to eliminate un112cessary energy loss and heat 

gain (United States Department of Energy, 1980). 

Heat flows from warm areas to cool areas. The greater the 

difference in temperature between the two areas, the greater the heat 

flow. Air trapped inside the insulation impedes the flow of heat 

because still air has low conductivity. The motion of air causes heat 
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flow while still air impedes it. Good insulation, or insulation with 

a high R-value (low U-value), effectively traps many pockets of air. 

CEILING INSULATION: The term ceiling insulation refers to 

materials designed to resist heat flow when installed between th2 

conditioned area of a structure and the unconditioned attic, where the 

conditioned area of a building extends to the roof. The term ceiling 

insulation also applies to materials used between the underside and 

upperside of the roof. 

WALL INSULATION: The term wall insulation refers to materials 

designed to resist heat flow when installed within, or on, the walls 

separating the conditioned areas of a structure and the unconditioned 

areas of a structure from the outside air. 

FLOOR INSULATION: The term floor insulation refers to materials 

designed to resist heat flow when installed between the conditioned 

area of a structure and unconditioned basement, cra~l/l space, or 

outside area beneath the crawl space. If the first level conditioned 

area of a building is on ground level concrete slab, floor insulation 

also refers to materials installed around the perimeter of the slab or 

on the slab. In the case of mobile homes, floor insulation means 

skirting used to enclose the space between the structure and the 

ground. 

DUCT INSULATION: The term duct insulation refers to insulation 

added to heating and cooling air supply ducts that run through 

u n con di ti one ct parts of the house such as the attic, gar age, or 

basement. Al 1 supply ducts in unconditioned spaces can be wrapped 

with a one or two inch insulation blanket. Return ducts passing 

through unconditioned spaces can also be insulated. 
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Storm Windows and Storm Doors. In an average house, windows 

and doors cover twenty percent of the side walls. No window or door, 

regardless of how weathertight or well protected, can provide the 

resistance to heat transfe,· or infiltration as efficiently as a well 

insulated, tightly sealed wall. Between 20 and 50 percent of the 

total energy loss in a well-insulated structure occurs through and 

around windows and doors (United States Department of Energy, 1980). 

Increasing the resistance of windows and doors to heat transfer and 

infiltration can thus be an effective part of residential energy 

conservation pract"i"ces. 

In areas such as Oklahoma, additional glazing is cost-effective, 

whether it be a primary window, a primary window plus a 

storm/ins u 1 at in g unit, or a thermal /multi pane window used as the 

primary window. The term storm/insulating window describes a window 

or glazing material placed inside or outside a prime window unit to 

increase the thermal resistance of the prime unit. A storm/insulating 

window creates an insulating air space between the storm/insulating 

unit and the prime unit, and helps block and control drafts caused by 

air infiltration through cracks in and around the window. 

A storm/insulating door describes a door or glazing material 

placed inside or outside a primary door unit to increase the thermal 

resistance of the prime unit. The door creates an insulating air 

space between the storm/insulating unit and the prime unit, and helps 

block and control drafts caused by air infiltration through cracks and 

holes in and around the prime door. 

There are three common types of storm/insulating \A/indO'ivS and 

doors which can serve as additional glazing: plastic sheeting; single 



69 

pane glass in a frame; and combination screen and glass. In most 

cases, these storm windows and doors will be used to retrofit existing 

structures. The selection of additional glazing depends on thermal 

quality, cost, aesthetics, ease of installation and maintenance. 

Plastic sheeting material gives the same effective insulation as glass 

storm units (United States Department of Energy, 1980). Sheeting can 

be used to cover doors, windows, or ·screens, or it can be mounted on 

its own separate fitted frame. Many,households select this option 

because of its low cost and its effectiveness in reducing household 

energy use. 

Window Coverings 

Storm/insulating windows are effective in reducing household 

energy use however additional practices can be adopted to improve the 

efficiency of windows. In the winter, the heat loss per unit area 

through windows is typically three to four times as great as through 

walls; in the summer, the total heat entering through a sunlit window 

may be more than ten times the amount of heat that enters through an 

adjacent wall of the same area (Dix and Lavan, 1974). A variety of 

interior and exterior window coverings, if properly installed and 

used, can effectively reduce both winter heat loss and summer heat 

gain. 

Indoor Ro 1 1 - Up Sh ad es • A study conducted by the I 11 in o is 

Institute of Technology (Dix and Zalman, 1974) measured the 

effectiveness of light-colored, opaque roller shades in reducing 

residential energy use. The objective of this study was to determine 
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the effectiveness of typical shade installations on typical 

residential windows with normal air circulation. The roller shades 

tested were hung inside the window frame with a clearance of 1/4 inch 

at their vertical edges. Shade hanging arrangement and the room air 

flow pattern were found to be very important factors in heat flow 

reduction by shades. This study concluded that inside mounted window 

shades would reduce winter heat loss through windows by 28 percent. 

Further, according to this study energy savings provided by roller 

shade usage during air conditioner operation are larger than during 

heating. In the Illinois Institute of Technology study, test shades 

achieved a 50 percent heat gain reduction. This heat reduction 

included both solar radiation and conductive heat gain due to 

indoor/outdoor temperature difference. 

Roman Shades. The Roman shade design seems to be the most 

popular and practical for home construction. Designs can be adapted 

to most windows and patio doors. These shades are permanently sealed 

at the top when mounted. The bottom is sealed with weights and 

fasteners. A shade with a 1/2 inch layer of fiberfill gives an 

effective insulating value of approximately R-3 (Buesing, 1981). In 

Oklahoma, the use of Roman shades would result in-a 52 percent 

reduction in winter heat loss and a 33 percent reduction in summer 

heat gain through windows (Dix and Zalman, 1974). 

Draperies and Drapery Liners. Draperies alone, by one 

estimate, account for 60 percent of all window covering sales for 

residential use. None of these window coverings can substantially 

reduce heat loss when installed in the traditional manner. 
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Pinched-pleated draperies hung in the conventional manner on a 

traverse rod are not effective in preventing heat loss. The wide gap 

between the drapery and the window frame creates a tunnel for 

convection aif movement behind the dra·pery where the air is cooled as 

it passes the window in the winter. This cooling accelerates air 

movement (Cukierski, 1981). According to the Illinois Institute of 

Technology (Dix and Zalman, 1974), a typical drapery reduced heat loss 

in the winter by six to seven percent. Energy savings can be achieved 

by sealing the drapery on the top, side and bottom edges. A 

1 i ght-col ored drapery with a white surface backing reduced heat gain 

by 33 percent (Dix and Zalman, 1974). Adding drapery liners to light 

weight thinly woven draperies can improve their ability to reduce heat 

flow; however, the key to reducing energy use with draperies and 

drapery liners is to seal these treatments on the top, bottom, and 

sides to reduce heat flow by convection (Haynes, Simons, McDougal and 

Mi ze, 1969 ) • 

Window Inserts. Winter heat loss through windows can be 

reduced by covering the window with an insulating panel or insert. 

Common materials used for window panels and inserts include the 

f o 11 owing: expanded polystyrene extruded-plain;. expanded polystyrene 

molded beads; expanded polyurethane; cork; cor</paper; ~oard/cork; 

plywood; cardboard layers; and cardboard faced and backed polystyrene 

or polyurethane. R-values for various insert materials range from 

more than eight to less than one. Energy efficiency depends a great 

deal on the materials used to construct the insert. 

If a gap exists between the insulating panel and the glass and 

air can circulate behind the panel and across the glass, thus the 
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effectiveness of the panel in reducing heat loss will be drastically 

reduced. This is a problem 1vith standard movable shutters. Air leaks 

are created between the louvers of the shutters 1t1here one shutter 

joins another and usually between the shutter and the window frame. 

However, if the panels fit tightly to the perimeter of the wall 

opening so that air cannot circulate into the room, a separation of 

the panel from the glass will increase the panel's effectiveness by 

providing an insulating layer of trapped air. Window inserts 

installed in this manner will reduce winter heat loss and summer heat 

gain (Cukierski, 1981; Hager and Phillips, 1980). 

Venetian Blinds. According to the Illinois Institute of 

Technology (Dix and Zalman, 1974), a typical venetian blind reduces 

heat gain by 29 percent if fully closed and by 18 percent in the 

common open 45 degree setting. Venetian blinds v,iere found in tt1is 

study to reduce heat loss by six to seven percent. 

Outdoor Roll-up Shades, Awninas, Sunscreen and Solar Control 

Film. Protecting the inside of a house from solar heat gain can cut 

the summer cooling load of a house. However, interior shading is not 

effective in preventing solar heat from getting to the glass area. 

Once heat is inside the glass area, a portion of the heat is trapped 

and the load on the house cooling system increases. Exterior shading 

devices which will reduce solar heat gain include trees, shrubs, 

trellises, louvers, awnings, shutters, solar screen, solar control 

films and roof overhangs. Landscaping and louvers will be discussed 

in another section of this chapter. The amount of shading available to 

a house has a great effect upon its season a 1 energy consumption. The 
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goal of shading for conservation is to provide maximum winter heat 

gain and to eliminate as much as possible summer solar heat gain 

(United States Department of Energy, 1980). 

Awnings and roll-up shades are de!;igned to protect glass areas 

during the summer only. Awnings can protect from summer heat gain 

without interfering with winter sun rays because of change in the 

direction of the sun's rays during different seasons. Awnings allow 

for natural ventilation and natural lighting while protecting the 

house from excessive summer heat gain. Outdoor roll-up shades act in 

much the same fashion. They protect window areas from summer heat 

gain when rolled down but can be adjusted when the sun is not shining 

on the window to allow view out the window. Natural light can enter 

through the window when the shade is rolled down as well as 1'lhen it is 

up. This flexibility which allows for natural light and ventilation 

in addition to protecting window areas from excessive solar heat gain, 

i s v e r y i m p o r t a n t t o m o s t h o u s e h o 1 d s ( Y e 11 o t t an d E w i n g , 19 7 6 ) • 

Awnings and outdoor roll-up shades reduce summer heat gain by 65-75 

percent (Konzo, 1980). 

The most frequently used solar screens are made of metal and 

plastic. They are placed in regular window screen frames and used to 

cover the entire window when needed. Sun screens can reflect as much 

as 70 percent of the solar heat hitting a window in the summer. 

A variety of plastic films are available that adhere to the 

inside surfaces of window glass. These films are commonly called 

11 solar control film. 11 The films are attached to the interior window 

glass with either a water-activated or pressure-sensitive adhesive. 

Solar films reflect the sun I s rays away from the interior of the 
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house. Solar films are usually left in place year round, although 

some strippable films are available. Both solar screens and films 

reduce the amount of natural light in a room and change the exterior 

view (Seaman, 1978). Solar control films reflect as much as 75 

percent of the sunlight striking glass. The amount of reflectance 

depends on the type and color of film. Solar control film should be 

used only on windows that do not provide useful cold-weather heat 

gain. They should be used only on east and west facing windows. 

These films also increase the R-value of glass by about 35 percent but 

are not very useful for substantially reducing heat loss (Langdon, 

1980). 

Heating and Cooling Equipment 

Heating and cooling account for the largest portion of 

residential energy use. A variety of practices related to heating and 

cooling can be adopted by households to reduce the amount of energy 

required to maintain comfortable living space for household members. 

Thermostat Control. Computer studies and field tests have 

shown thermostat setback to be an effective method of saving energy 

during the heating season. According to Beckey and Nelson (1981), the 

greater the duration and amount of thermostat setback, the greater the 

energy savings. Setting the thermostat back at night and up during the 

day (dual setback) is twice as effective as a single setback period. 

More than half of the homes in their field test in Edmond, Oklahoma, 

acfiieved energy savings of 25.6 percent using dual setbac!<. In no 

instance did any house use more energy while on a setback schedule. 
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According to the United States Department of Energy (1980), for each 

degree reduction in temperature, a two to three percent reduction in 

fuel costs can be expected. Actual savings depend on climate. 

Raising the temperat..ire setting on an air-conditioning system in 

the summer can also reduce the amount of energy used in the structure. 

The United States Department of Energy (1980) recommends a 78 degree 

F. summer space temperature for air-conditioned structures to maintain 

comfort while controlling utility costs. According to the National 

Bureau of Standards, for every degree of Fahrenheit increased on a 

thermostat in the summer there is a 10 percent energy savings for 

cooling. This savings diminishes as the setting is increased 

(Betancourt, 1980). 

Heating System Replacement. Most oil and gas furnaces in homes 

today are only 55 to 65 percent efficient over a heating season, 

meaning that 35 to 45 percent of the heat goes up the chimney and 

never heats the house (Murray, T., 1982). Electric resistance heating 

is 100 percent efficient, however, electric resistance heating is the 

heating system that costs the most to produce a therm of useable 

en er g y ( Jones an d Harp , 19 8 0 ) . Many home own er s are rep 1 acing 

inefficient older systems with more efficient systems-such as high 

efficiency gas and oil furnaces with efficiencies as high as 97 

percent and heat pumps 1.vi th Coefficients of Performance of 3.0 or 

higher. New efficient wood burning heating systems are also being 

used to replace all or part of conventional fuel systems in some 

homes. These new energy efficient heating systems can reduce 

residential energy use for heating by 50 percent or more. 
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Cooling System Replacement. According to the 1980 Census, of 

the 386,600 year-round housing units in Oklahoma, 28 percent do not 

have air-conditioning, 34 percent have central air-conditioning 

systems, and 38 percent have one or more individual room units. Air 

conditioners, whether individual room units or central systems, can be 

compared using energy efficiency ratings (EER). Those with EER values 

of five to six are inefficient; those with an EER of ten or above are 

efficient, using only about half as much energy for the same amount of 

cooling as the less efficient systems. Most systems five years of 

age or older h.avi= an EER of six or less, thus replacement of an old 

inefficient system can result in reduced energy use for cooling 

(United States Department of Energy, 1980). 

Fans. The least energy demanding cooling systems are simple 

air movers. Included among these are portable fans, ceiling Fans and 

whole-house attic fans. Fans are effective in one of two ways, or 

both: circulating inside air, and replacing inside air with outside 

air. The cooling effect of air movers directly relates to the speed 

of the air, which increases the evaporative cooling of the body. 

Portable fans are usually used for circulating inside air and can be 

used to blow hot air out of the home and move cooler air into the 

structure. Such fans have very low operating costs since they 

generally have a power rating of 200 watts or less depending on the 

size. A ceiling fan can also be used to produce a cooling effect 

because the movement of the air facilitates the evaporation rate and 

makes people feel cooler. Ceiling fans are somewhat more expensive 

than portable fans. The ceiling fan moves air around the room 
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effectively, but does not force hot air out of the house. Whole-house 

attic fans remove hot air from the structure. Fans are usually 

located to blow hot air out of the home; cooler air will replace it 

through open v,Jindows (United States Department of Ei1ergy, 1980). The 

key to energy efficiency in using fans is whether the fan replaces the: 

use of a more expensive cooling system such as a central 

air-conditioning or room air-conditioning unit. If the use of these 

units is replaced by the use of a fan, substantial energy savings can 

result. As noted earlier, for every degree the thermostat is 

increased in a central air-conditioning unit, a ten percent savings in 

cooling costs results. 

Water Heating 

Domestic hot water can account for 15 to 20 percent of 

residential energy costs. Water heating is the second largest energy 

consuming system in the home, next to space heating and cooling. This 

consumption can often be reduced by half with no negative effects on 

health, comfort or convenience. Domestic hot water is usually desired 

at a moment's notice, any time of the day or night. Water heaters 

must therefore remain ready to supply hot water throughout every day 

of the year. To perform this task, the water heater must keep the 

water at a nearly constant temperature as determined by the thermostat 

setting. 

Free-standing water heaters must maintain water temperatures 

higher than the temperature of their surroundings; therefore water 

heaters are subject to conductive heat loss. Heat escapes through the 

walls of the tank from the warm inside area to the cooler outside 
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area. Conductive heat loss in water heaters is affected by the surface 

area of the tank, the period of time for which the water must be 

heated, the temperature difference between the water and its 

surrounding, and the insulating qualities of the material betv.,een the 

water and its surroundings. Energy used to heat water can be reduc~d 

by reducing the hot water tank temperature, insulating the tank and 

piping, and reducing the amount of hot water used by the household. 

The touch temperature for hot water is 105 degrees F. Water at 

115 degrees F. can cause first degree burns. 

are routinely set at 150 to 180 degrees F. 

Many hot water heaters 

This high setting, like 

many other energy inefficient practices, is intended to guarantee 

endless hot water. On tank-type water heaters, the setting can be 

reduced to save large amounts of energy (United States Department of 

Energy, 1980). 

When safety permits, water heater insulation is an energy 

conserving practice. It requires an investment of money for materials 

and possibly for labor. Insulation for free-standing water heaters is 

usually most effective if the unit is located in an unconditioned 

ar~a. If the water heater is located in a conditioned area, the 

difference between the desired water temperature and the average 

ambient air temperature becomes critical. Payback periods for money 

invested in insulation materials will be shorter for tanks ·1ocated in 

unconditioned, cool areas than for those located in conditioned, warm 

areas. In unheated spaces, domestic hot water pipes should be 

insulated to prevent excessive heat loss when hot water is transported 

from the tank to points of use or held in pipes for future use. 
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The cost of heating water depends on the amount of wat~r used for 

household purposes. There are several ways to conserve hot water and 

use it more efficiently so that energy requirements and costs ,.,ill be 

less. Leaky hot water faucets, for example, can waste up to 6,000 

gallons of hot water a year (Morrison, 1979). Fixing a leaky hot 

water faucet can result in a major energy savings (Howe and Vaughn, 

1972; Washington Suburban Sanitary Commission, 1974; McPherson, 1978). 

Other Energy Conservation Practices 

Louvered Visors. Exterior louvers can be used to protect doors 

and windows while allowing for natural light and ventilation. 

Vertically attached to the eave and the ground for the width of the 

window or door, the louver provides protection from solar heat gain 

during the summer and allows increased heat during the winter. 

Louvers allow light to enter year round to reduce the need for 

artificial lighting while protecting these areas from radiant heat 

gain (Seaman, 1978). 

Landscaping. Using plant materials wisely can help reduce 

residential energy use. Winter heating bills may be reduced as much 

as 15 percent while the energy needed for summer cooling may be cut by 

as much as 50 percent. By selecting and placing plant materials 

properly, shade can be created, cool breezes can be channeled, winter 

winds can be blocked, and other factors such as glare can be 

controlled (van der Hoeven, 1982). 

Deciduous trees and shrubs planted on the southern, southwestern 

and western sides of the house ~'lill block the summer sun but let the 

winter's warming sun through. A recent study showed that a difference 
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of eight degrees Fahrenheit between shaded and unshaded walls was 

equivalent to a 30 percent increase in insulating value needed for the 

shaded wall (van der Hoeven, 1982). 

Deciduous or evergreen trees and shrubs on the eastern, southern, 

and western sides of an outdoor air-conditioning condenser will make 

it run more efficiently. The hotter a condenser gets, the harder it 

must work. As much as a three percent savings in the efficiency of 

the air-conditioning system can be realized simply by shading the 

condenser from the summer's hot sun. Ample space should be allm'led 

for air to circulate (van der Hoeven, 1982). 

Two or more rows of evergreen trees and shrubs planted on the 

north and northwest sides of the house will block the winter wind. 

Windbreaks reduce winter energy consumption between 23 and 30 percent 

(van der Hoeven, 1982; Welch, 1979). 

Windbreakers. Windbreakers or draft dodgers are sand or fiber 

filled tubes placed around windows or doors to block air infiltration. 

Some areas within older homes are particularly difficult to caulk and 

weatherstrip to reduce air infiltration. Windbreakers can be 

successfully used in these areas to reduce air leakage. These devices 

are particularly useful when rooms are closed off to block air flow 

into the conditioned portion of the house. The amount of energy used 

to heat or cool a structure is partially based on the amount of space 

to be conditioned. The amount of energy used that can be reduced is 

nearly proportional to the relative reduction in the amount of space 

to be conditioned. Closing off unused or seldom-used rooms will 

reduce the house heating and cooling load, particularly if air 
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infiltration between the unconditioned and conditioned space is 

control led. Windbreakers can be successfully used to control air 

infiltration (United States Department of Energy, 1980). 

Humidity. In the winter, a high relative humidity makes people 

fee 1 warmer because there is less surface heat loss, and thus comfort 

is possible at a lower actual temperature. Humidifying the indoors in 

cold seasons can reduce heating load. 

Summary of Dependent Variables 

A wide variety of energy conservation practices are available to 

households that will successfully reduce household energy use. Actual 

energy use reduction may vary greatly depending on the size of the 

house, the number of people living in it, living habits, house 

construction, and orientation. Because energy conservation practices 

interact, savings estimates are not purely additive. Home energy 

audits take into consideration the unique characteristics of a house 

and household members to provide a more accurate estimate of savings 

that can be expected by implementing various conservation practices 

(Planergy, 1981). 

Educ a ti on is of ten needed to assist people in making decisions 

related to energy conservation practices appropriate for their 

specific situation. The education process must first acquaint members 

of the household with the basic principles of household energy use and 

how energy is lost within their own home. The second step is to 

identify the actual requirements or trade-offs of each management 

option, such as concerns about health, safety, comfort, time versus 
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convenience, mechanical inability, inertia or costs. The third step 

is to assign benefits to the options to help household members develop 

a process to compare investments of time, human energy, money, etc., 

to the benefits of reduced energy use in order to make a decision. 

Independent Variables 

The primary independent variable of interest for this study is 

the amount of education provided by the Energy Education for Limited 

Resource Oklahomans project conducted in Choctaw and Pushmataha 

Counties from May 1982 to May 1983. The educational message delivered 

to limited resource households in these counties included practices 

outlined in the discussion of the dependent variables. The primary 

objective of the project was to motivate limited resource households 

to use some of their limited resources to adopt conservation practices 

that had the potential of reducing household energy use while making 

the household a more comfortable place in which to live. 

Intervening Variables 

Several intervening variables must be considered as contributors 

to changes in energy conservation practices adopted by limited 

resource households in Choctaw and Pushmataha Counties. These include 

increased utility costs, changes in family composition, increases or 

decreases in household income, and other educational efforts that 

might have reached and had an impact on the target audience. 

Utility Costs. According to Jones and Harp (198lb) residential 

energy conservation in Oklahoma is a function of economics. These 
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authors contend that energy conservation investments are dependent 

upon both the price of energy and the characteristics of the 

individual home. They projected that as energy costs increase the 

feasibility of adopting energy conservation practices increases. The 

Office of Technology Assessment (Vol. I, 1979) supported research by 

Cunningham and Lopreato (1977) which showed that consumer motivation 

to invest in conservation measures stems largely from a basic desire 

to save money and resist rising prices. However, a study conducted by 

Henderson (1982) found that a utility company price increase all by 

itself does not affect the propensity to adopt energy conservation 

practices when socioeconomic and demographic variables along with 

attitude, knowledge and previous energy conservation behavior are 

controlled. Moreover, Cunningham and Lopreato (1977) conclude that 

the low income group in their study, families with l,2ss than $5,000 

per year, was the least price responsive. Results such as these 

suggest that although utility rate increases during May 1982 to May 

1983 may have influenced participant households to adopt energy 

conservation practices, they may not have had a large influence. 

Income. A Ford Foundation Study (Newman and Day, 1975) which 

has since been confirmed by other consumer surveys, found that 

household energy use rises with income. An Austin, Texas study 

(Walker and Draper, 1975) found that short-term response to 

electricity price increases among household energy users varied 

sharply by income group. According to this study, while upper income 

households increase consumption despite rising prices, low income 

households show very little change in consumption in response to price 
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increases. Walker and Draper (1975) conclude that the middle income 

group offers the greatest potential for conservation, since this group 

has both a margin for conserving and economic incentive to do so. 

Bailey (1979) analyzed the influence of socioeconomic variables, 

including income, on conservation behavior. This author concludes 

that socioeconomic variables influence energy conservation behavior 

both directly and indirectly by first influencing attitude and then 

influencing behavior. In the Bailey study (1979) the higher the 

income group the greater the propensity to adopt energy conservation 

practices. Kelk·eary (1975) argues that income is the strongest 

predictor of both energy knowledge and conservation with the 

relationship being curvilinear. That is, in this study, the highest 

knowledge and conservation scores came from the middle income group. 

Morrison and Gladhart (1976) found income to be the single best 

predictor of residential energy consumption. 

These data suggest that, for the present study, changes in income 

during the project period could have influenced the adoption of energy 

conservation practices by participant households. This would be 

particularly true if the income change was large enough to shift 

households from a low income to a middle income level. This drastic 

shift does not seem very likely since the national trend since 1978 

has been toward an increase in the number of persons living in poverty 

rather than an upward shift in income for the low income group 

(Institute for Research on Poverty, 1984). 

Family Composition. Henderson (1982) concludes that previous 

retrofitting behavior was the most significant predictor of propensity 

to adopt energy conservation practices. Age of the head of the 
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household and household size also contribute to the Henderson (1982) 

prediction of propensity to retrofit. For this study, younger heads 

of household and larger households who have few energy saving features 

were more likely to retrofit their home than households headed by 

older persons and small households. 

Other Energy Conservation Education 

According to Cunningham and Lopreato (1977), the greater the 

amount of energy conservation education presented at the local level, 

the more efficacious it will be. They contend that mass media 

campaigns have been only slightly successful and should be reexamined 

in terms of both content and mode of distribution. It is likely, 

according to these authors, that the same information will be 

differently received if it is presented personally to the individual 

rather than through mass media. 

This information suggests that effective energy education efforts 

must be carefully designed if the educational message is to result in 

behavior change. Braun, Williams, and Murray (1979) suggest that an 

energy conservation program that succeeds in getting household members 

to adopt conservation practices must carefully plan program content 

and delivery. Specifically, the energy education must determine· who 

wi 11 send what message(s) to which target audience(s) using which 

mode(s) of delivery (Lasswell, 1948). Effective answers to these 

decisions must be based on knowledge and understanding of 

communication theory. 

Diffusion of an innovation (an idea or practice) is a process of 

getting people to make changes in behavior in addition to attitudes 
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and kn owl edge. The goal of diffusion is for people to adopt ideas or 

practices. 

Decision making which leads to adoption or rejection of the 

innovation or practice is a process consisting of severa1 steps. 

These steps frequently occur in a sequence which we may consider as 

stages of adoption. 

The first stage of adoption is awareness of an idea or 

practice. Awareness may occur by chance, or be the result of an 

individual or household who recognizes a problem or is dissatisfied 

with an existing situation, i.e., rising utility bills. The second 

stage is one of interest. If an individual or household knm-1s of 

the existence of an innovation, more detailed information may be 

sought. This leads to stage three, evaluation of the new. This 

stage involves a mental process of determining the appropriateness of 

the innovation to the individual or household in terms of needs, 

wants, and goals. If the decision is affirmative, the next stage, 

trial, is undertaken. The final stage is adoption, whereby an 

individual or household accepts an innovation as part of their 

behavior or lifestyle (Lionberger, 1974). Individuals concerned with 

getting people to adopt energy conservation can use the knowledge of 

the diffusion and adoption processes in planning energy education 

delivery systems. 

While every individual or household moves through the adoption 

process, a variety of information is needed. An awareness of this 

need for varying kinds of information at different stages as well as 

appropriate sources of this information will increase an educator's 

effectiveness. Sources of information can be classified as (1) the 
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mass media, such as radio, TV, newspapers, magazines, ieaflets or 

brochures; (2) personal contact with advisors or representatives from 

business, utilities, government, private and public organizations; and 

(3) interpersonal contact between friends and associates. 

The importance of understanding these categories is that sources 

o f i n f o r m a t i o n i m p a c t o n t h e d e c i s i o n s m a d e by i n d i v i du a 1 s and 

households during the adoption process. Studies of these channels of 

information delivery reveal that mass media is effective in creating 

awareness during the early stages of adoption, but interpersonal 

communication during the later stages is needed for persuasion 

(Rogers, 1983). In short, mass media cannot be expected to reach and 

influence all members of a target audience. Rather, mass media can 

influence a few people who become opinion leaders. These individuals 

in turn influence others (Katz, 1957). 

Researchers who have studied the persuasion effect of information 

conclude that decisions are influenced through interpersonal 

communication with other people. Specifically, the effect of groups 

on the adoption of an innovation has been studied and th<.: results 

strongly support the influence of "significant others" on adoption 

behavior (Riley and Riley, 1961). 

Thus, communication theory can be helpful to the educator in 

p l a n n i n g p r o g r a m s t h a t w i 1 l s u c c e e d i n g e t t i n g i n d i v i du a 1 s an d 

households to reduce energy use. With knowledge of the process of 

diffusion of inforrnatio11, stages of adopthn of an inn·Jvation, s,JuY"ces 

of information, and impact of others on adoption, the educator can 

develop and implement appropriate educational programs. 
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W i 11 i ams and Braun ( 1981) studied the impact of three treatments 

on the adoption of energy conservation practices on rural limited 

income households. The media method (Treatment I) was a flyer mailed 

to households containing a conservation message and offering 

additional information and assistance. The group method (Treatment 

I I) was a series of public energy education meetings and Treatment III 

was individualized delivery of energy education to target households. 

Based on analysis of these three approaches, these authors concluded 

that the individualized method was the most effective method of 

reaching and teaching limited resources households basic energy 

conservation. 

Data Analysis 

Impact Determination 

To test research Objective One, a statistical test ,vas run to 

determine if a significant difference existed bet·,veen the average 

number of conservation practices present in participant households at 

the beginning of the project, at the end of Phase I (summer), and at 

the end of Phase II (winter) of the project. An analysis of variance 

procedure based on single factor experiments with repeated measures 

was used (Winer, 1971). 

According to Winer (1971), for experimental work in the 

behavioral sciences, the elements forming the statistical population 

are frequently people. Because of large differences in experiences 

and background, the responses of i)eople to the same experimental 

treatment may show relatively large variability. In many cases, much 

of this variability is due to differences between people r~xisting 
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prior to the experiment. If this latter source of variability can be 

separated from treatment effects and experimental error, then the 

sensitivity of the experiment may be increased. IF this source of 

variability cannot be estimated, it remains pa.rt of the uncontrolled 

source of variability and thus automatically becomes part of 

experimental error. 

One of the primary purposes of experiments in which the same 

subject is observed under each of the treatments is to provide a 

control on differences bet1,veen subjects. In this type of experiment, 

treatment effects for subject 11 i 11 are measured relative to the average 

response made by subject "i" on all treatments. In this sense, each 

subject serves as his own control--responses of individual subjects to 

treatments are measured in terms of deviations about a point which 

measures the average responsiveness of that individual subject. In 

this way, variability due to differences in the average responsiveness 

of the subject is eliminated from the experimental error (if an 

additive model is appropriate). 

The present study is a single-factor experiment )vith repeated 

measures since the energy conservation practices present in 166 

households were observed three times, at the beginning of the project, 

at the end of Phase I (summer), and at the end of Phase II (winter). 

The total number of practices present 1·1ere reported at ·the end of 

Phase II. Thus, the observations were dependent, rather than 

independent. According to Winer (1971), if the population 

distribution involved is multivariate normal, the terms dependent and 

correlated are synonymous. The analysis of variance model used to 

analyze these data assumed correlated or dependent observation. 
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S c h em at i c I s um rn a r i z e s t h e an a 1 y s i s o f v a r i an ce model and 

corresponding degrees of freedom used for this study. 

TOTAL VARIATION 
df=k l n-

BETWEEN HOUSEHOLDS 
n-1 

WITHIN HOUSEHOLD 
VARIATION 

n(k-1) 

BETWEEN TREATMENT 
VARIATION 

RESIDUAL 
VARIATION 
(n-l)(k-1) k-1 

Schematic 1. Partition of the total variation 

where 

K = treatments 

n = observations 

The F ratio provides a test hypothesis that T1, = T2 = ... Tk, 

where 

T's represent treatment effects. 

Paired t-tests were run on the mean number of energy conservation 

practices present at the beginning of the project, after Phase I 

(summer), and after Phase II (winter). These t-tests ,'/ere used to 

determine if significant rnean differences exist between the following 

pairs of means: 



when 

Pair 

Pair 

Pair 

x B 
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One XB and XI 

Two - - XI and XI I 

Three - XII and x8 

= mean number of practices present at the beginning of the 
project 

= mean number of practices present at the end of Phase I 

= mean number of practices present at the end of Phase II 

Benefit-Cost Analysis 

Energy conservation practices adopted by limited resource 

households were analyzed in a benefit-cost formula to assess the 

social returns from self-help approaches for coping vlith energy 

problems faced by these households. The Energy Education for Limited 

Resource Ok 1 ahomans project was considered to be a motivating force 

influencing the adoption of energy conservation practices by the 

target group. This analysis was used to compare projec~ outcomes with 

project objectives. 

Four basic steps were used in the benefit-cost analysis. These 

steps included: 

1. Identification of the type and nature of results of the 

Energy Education for Limited Resource Oklahomans 

project. Each identified result v,as categorized as 

either a benefit or cost. 

2. Monetary values were assigned to identified ben=Fits and 

costs whenever possible. 



3. Present values of benefits and costs were calculated so 

t h a t b e n e f it s a n d c o s t s o cc u r r i n g at differ e fl t t i rne s 

could be compared. 

4. Benefits and costs were compared by means of two 

alternative decision criteria--the benefit-cost ratio 

and net present value. 

Identification of Benefits and Costs 
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Project benefits and costs are summarized in the Benefit/Cost 

Matrix presented-)n Table VII. As indicated above, benefits and costs 

are analyzed from a societal perspective (Masters, Garfinkel and 

Bishop, 1978). 

The primary tangible (i.e., can be valued in money terms) 

economic benefit of adopting self-help energy conservation practices 

is reduced household energy use. Additional benefits, including 

increased household comfort, increased knowledge and skills of project 

participants and paraprofessionals, and increased skill of 

professional staff in implementing energy education projects, are 

identified as intangible direct project benefits. Other intangible 

direct project benefits would include the pride and feelings of 

accomplishment the limited resource households achi,2ve wher1 making 

self-help changes. Indirect benefits ir1clude improved communication 

among local and area agencies working with limited resource 

households, and development of marketable skills of paraprJf=ssionals 

and project participants. Reduced dependence on foreign energy 

sources is an additional direct tangible benefit, but it is not 

estimated due to lack of available data. 



93 

Costs. Costs are typically divided into two broad categories 

of fixed and variable costs. Fixed costs are those costs that in the 

short run do not change in total amount as output is varied. Variable 

costs are those costs that do change in total amount as output varies. 

The short run is defined as a period of time short enough that the 

productive capacity of the unit under study cannot be increased. 

Christensen and Pontius (1983) have related fixed and variable costs 

to Cooperative Extension Programs such as the Energy Education for 

Limited Resource Oklahomans project. According to Christensen and 

Pontius, for specific projects within Extension, staff resources may 

be regarded as fixed costs in the economic sense. Similarly, the 

ownership costs associated with the hardware of Extension such as 

cars, typewriters, duplicating machines, microcomputers, etc., are 

fixed. This means they have been made and incurred without regard to 

a specific project or number of projects. These costs are considered 

"sunk costs", which means that expenditures already made may be 

irrelevant to a specific project decision. Carrying this one step 

further, Christensen and Pontius (1983) contend that the only costs 

which can be assessed to a specific project are the variable costs; 

that is, the additional costs for persoqn~l, materials, travel, etc. 

that are directly attributable to the project and which would not have 

occurred had the program not been initiated. These additional costs 

are termed marginal costs. 

Using the Christensen-Pontius approach to costs, the costs 

associated with the Energy Education for Limited Resource Oklahomans 

project are summarized in Table VII. Project costs include additional 

personnel to implement the project, travel associated with the 
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project, supplies, educational material, and any additional costs to 

Oklahoma State University or Cooperative Extension incurred to 

implement the project. All costs associated with the project were 

considered as opportunity costs, i.e., benefits given up for some 

alternative use of funding or resources. Market prices were used 

whenever possible to determine costs. Costs associated with non-paid 

time spent related to the project were treated as opportunity costs in 

the sense that time was assigned a fair market price and used as a 

cost. This procedure was used for time spent by project participants 

to hear the educational message as wel 1 as time spent by these 

households to implement energy conservation practices. In addition, 

time spent by those outside the study sample to assist participant 

households in adopting energy conservation practices was treated as an 

opportunity cost and assigned a market value. In addition, money 

spent by project participants to purchase materials to i1nplement 

conservation practices are costs to project participants. Additional 

costs are the funds spent by other agencies to assist some program 

participants in implementing conservation practices. 

Benefits. Christensen and Pontius (1983) point out that the 

most difficult aspect of program evaluation is that of measuring the 

benefits from Extension program efforts such as the Energy Education 

for Limited Resource Ok 1 ahomans project. Extension often invests 

program dollars in what is called the 11 creating of human capital. 11 

Extension offers educational opportunities to participants and they 

may make use of what they have learned in ways both intended and 

unintended by the educator and program designer. According to 
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Christensen and Pontius, it makes little sense to impose economic 

benefit-cost measures on program objectives that are non-economic in 

nature. 

Project Objective One of the Energy Education for Limited 

Resource Ok 1 ahomans project is analyzed in the present study using 

benefit-cost procedures. The analysis focuses on the economic benefit 

of energy con~ervation practices adopted by participant households. 

For the purpose of this study, project objective one, which was 

analyzed using benefit-cost procedures, was to help limited resource 

households increase their comfort, decrease energy loss, and control 

their utility costs. Objective One focuses on the economic benefit of 

energy conservation practices adopted by participant households. 

Data were collected to determine specific conservation practices 

adopted by participant households. These data were then matched with 

input and output data from the computerized energy audit performed on 

the participant household. Computerized energy audit output data wer·= 

used to estimate monetary benefits from specific conservation 

practices adopted, taking into consideration the thermal 

characteristics of participants i1ouses. The calculation methodology 

for estimating economic benefits of conservation practices 1'/as based 

primarily on energy savings derived from using American Society of 

Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) 

procedures (1981) and on residential energy research conducted in 

Oklahoma by utility c:i:npanies and Oklahoma State University. The 

calculation method for determining energy savings was developed by the 

Department of Agricultural Engineering at Oklahoma State University 

and v,as used for implementing the federally mandated Residential 



96 

Conservation Service Program. Calculation procedures appear in 

Appendix III of the Oklahoma State Plan Residential Conservation 

Service Program and are also included in Appendix B of this study 

(Oklahoma Corporation Commission, 1983). Not all conservation 

practices documented on the data collection instrument, Energy 

Education For Oklahoma Families (Appendix A), 'Here included in the 

audit methodology for calculating benefits. The conservation 

practices included were adding insulation to ceiling, wall, floor and 

supply ducts; caulking and weatherstripping; adding storm doors; 

adding storm windows; increasing summer thermostat setting, decreasing 

winter thermostat setting; and reducing the tank temperature on water 

heaters. A computer program was used to match benefits projected in 

audit output with actual practices adopted by participants• households 

and documented on the Energy Education For Oklahoma Families survey 

form, 

Energy savings from adoption of other conservation practices 

adopted by participant households were calculated by hand, based on 

the thermal characteristics of a specific house, using ASHRAE 

fundamentals a.swell as other research studi:=s related to a specific 

practice. Savings from adding window coverings were based on ASHRAE 

fundamentals (1981), a study conducted by the Illinois Institute of 

Technology (Dix and Zalman, 1974) and studies by Hager arid Phillips 

(1980) and Yellott and Ewing (1976). 

Energy savings from retrofitting with energy efficient cooling 

and heating equipment were based on ASHRAE fundamentals. Savings from 

adding ceiling, portable and attic fans were contingent on reduced 

thermostat settings. This calculation was made using the computerized 

energy audit methodology. 
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Landscaping energy savings were calculated using data from Kansas 

State University Engineering Extension Service data (van der Hoeven, 

1982). Savings from adding louvered visors to doors, windm'ls and 

cooling units were based on calculations based, in turn, on ASHRAE 

fundamentals. Savings from repairing leaky hot water faucets were 

calculated based on studies done by Howe and Vaughn (1972); McPherson 

(1978); Morrison (1979) and the Washington Suburban Sanitary 

Commission (1974). 

Energy savings for each household were determined using hand 

calculations and the computerized energy audit methodology. These 

savings were then totaled to determine savings each year for all 

households in the sample. This amount was used as the basis for 

determining benefits. It is important to note that such savings are 

estimated and not actual energy savings obtained by monitoring energy 

use of each participant household. 

Estimating the Monetary Valu~_of Costs 

and Benefits 

Monetary values for project costs were determined by reviewing 

project expenditures and documenting actual costs for the following 

budget categories: 

1. Personnel 

a. Project site coordinator 

b. Paraprofessional energy educators 

2. Travel and Lodging 

a. Project site coordinator 
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b. Paraprofessional energy educators 

c. County professional staff 

d. State professional staff 

3. [ducational Materials 

a. Energy education kits 

b. Printed materials 

c. Demonstration materials 

4. Supplies 

a. Office supplies 

5. Other Direct Costs 

a. Phone 

b. Postage 

c. Audio-visual equipment renta 1 

d. Meeting room rental 

e. .Advertising 

Only costs directly related to delivering energy education to 

participant households were considered costs for the purpose of this 

study. Costs related to evaluation and impact assessment were not 

included in these figures. The decision to leave the evaluation and 

impact assessment costs out is based on the fact that energy education 

co u 1 d have been de 1 i vered to the target popu 1 at ion without making any 

effort to document project results; i.e., it is argued that the impact 

of the project would have occurred irrespective of efforts to document 

project results. This is not to minimize the i111porta11c2 :)f ,-:val,1ation 

and i:npact assess:nent, but to say that the educational phase could 

have been conducted without impact assessment and evaluation. This 
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researcher believes that a decision to eliminate evaluation and impact 

assessment would be a serious mistake from a program development 

standpoint, but from the standpoint of applying benefit-cost analysis, 

a realistic decision. Further, the cost assessment was approached 

from the standpoint of an outside funding source, i.e., the number of 

dollars necessary to support a special limited resource energy project 

within the support framework of Cooperative Extension. For this 

reason, the organizational overhead for Cooperative Extension input to 

the project was considered a fixed cost and not included in the 

benefit-cost analysis. According to Christensen and Pontius (1983), 

organizational overhead costs would have been incurred anyway, and for 

the most part would have continued regardless of the continuance of a 

specific project such as the Energy Education for Limited Resource 

Oklahomans project. 

i~ o n e t a r y v a 1 u e s f o r f i r s t - y e a r b e n e f i t s we r e de term i n e d by 

matching actual 1983 utility rat,.=s for natural gas and electricity to 

estimates of energy savings based on the computerized energy audit and 

hand calculations, as explained above. Monetary values for benefits 

in subsequent years were determined 0y combining estirnates of yearly 

energy savings with estimates of effective lifetime of adopted 

practices and projections of real utility rate increases. 

The adoption of an energy conserving practice, such as added 

insulation, results in benefits for a number of years. The value of 

benefits depends on the length of time the practice effectively 

reduces energy use and the cost of energy over that time period. The 

period of effective time for each conservation practice will vary from 

practice to practice. For example, insulation will be effective For 
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20 or more years, caulking and weatherstripping will be effective for 

approxirnately 5 years, and plastic storrn windows, depending on care 

and use can be effective for 3 or more years before needing to be 

replaced (U.S. Department of Energy, 1980). 

Another factor that sh o u 1 ct be taken i n to cons i ct er at ion in 

determining future benefits is the period of time the participants 

will live in the house. The expected number of years of residency 

should be considered for practices that are behavioral in nature. 

Practices that result in additions to the structure do not require 

consideration 'of this variable. The sample population consists 

largely of relatively permanent residents, many of whom are aged. 

However, rather than applying mortality tables to the population, 

benefits were projected for a ten year time period for behavioral 

practices adopted because of the educational effort. Structural 

practices were assumed to yield benefits for their' entire expected 

period of effectiveness. 

Increases in energy costs over time were also taken into 

consideration by applying the appropriate projections froin t~harton 

Econometric Forecasting Associates (1984, p. 97). All non-participant 

project costs were accrued the first year, however some participant 

c o s t s a c c r u e d t o h o u s e h o 1 d s o v e r t i 1n ~ t o m a i n t a i n o r r e p e a t 

conservation practices adopted the first year, for example', materials 

needed to replace plastic storm windows and doors. 

When the time streams of ber12fits and costs wer2 establisi12d, 

,:!.3.Ch was expressed as a present value by discounting annual estimates 

by the appropriate discount rate. In as much as the latter is often a 

critical determinant of project feasibility, an extended discussion 

seems in order. 
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Discount Rate Concepts 

There is a continuing controversy, with a lang history, 

concerning the appropriate discount rate to use in evaluating public 

investments (Randall, 1981). This controversy does not solely concern 

numerical values, per se; rather, much of it concerns the concept of 

what the discount rate ought to measure. Experts disagree on both the 

proper numerical value of the discount rate and its conceptual 

foundation. Some argue for adoption of the social rate of time 

preference as the conc2ptual foundation, resulting in a numerical 

discount rate below market rates. Others support the social 

opportunity cost of capital as the conceptual basis, and a 

correspondingly higher discount rate (Sassone and Schaffer, 1978). 

The correct discount rate, which Sassone and Schaffer (1978) term 

the social discount rate, is that rate which when applied to future 

costs and benefits yields their actual present social value. In other 

words, the proper rate is the rate at which society as a whole is 

willing to trade off present costs and benefits for future costs and 

benefits. 

Sassone and Schaffer (1978) reviewed a variety of discount rate 

concepts inciuding market interest rates, the marginal productivity of 

investment, and corporate discount rate, the Pigouvian rate, and the 

social opportunity cost of capital. 

Market interest rates are associated chiefly with corporate and 

government bonds, and with debt instruments of Financial ir1stii:t1tions, 

such as commercial banks and savings and loan associations. 

Essentially a bond is the promise of the borro11er to pay Y dollars to 
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the lender T years from now in exchange for the lender giving the 

borrower X dollars now. Y is always greater than X. Many different 

rates are observed simultaneously in the market place due to 

differences in the risk the lender takes. When financial institutions 

lend money, the interest rate is explicitly stated. 

The marginal productivity of investment is the real rate of 

return that the economy's marginal investment projects yield (Sassone 

and Schaffer, 1978). In this context, "real II means the net increment 

to national output, valued in dollars. For example, if the least 

profitable investment projects undertaken in the economy give an 

annual net return of $6 for a $100 initial investment, then the 

marginal productivity of investment is six percent. This means, if 

extra investment funds were made available and if they were invested 

in the private sector, a six percent return would be realized by the 

economy. Likewise, if investment funds were withdrawn from the 

private sector, a return of six percent would be foregone by the 

economy. 

The corporate discount rate is the rate used by corporations to 

evaluate potential investme:it pr:ijects. It includes both a ris~ 

premium and a markup for corporate taxes. The corporate discount rate 

is usually very high. Sassone and Schaffer (1978) project that it 

could be as high as 15 to 20 percent. 

The government borrowing rate is the rate at which the government 

borrows money from the private sector. Some argue that this rate is 

reasonable for benefit-cost analysis because if some individuals are 

wi 11 i ng to lend money to the government at six percent, they must feel 

better off receiving tr1eir rooney back plus six perc-::nt at soine time in 
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the future than they do in using it now. Therefore, ·according to 

Sassone and Schaffer (1978), if a government project has a return of 

six percent or more, consumers are better off if the project is 

undertaken. 

The own personal discount rate is the rate at which an individual 

is wi 11 ing to trade off present consumption for future consumption. 

The own personal discount rate is the slope of the consumer's 

intertemporal indifference curve evaluated at the current distribution 

of present and future consumption. In contrast to the own personal 

discount rate, the own social discount rate reflects one's own 

preferences for social behavior. The own social discount rate is an 

individual's judgement as to the correct growth path of real per 

capita consumption in the econo:ny. The own social discount rate 

depends heavily on one's anticipated income stream and dependence on 

the general state of the economy. Own personal discount rates .-1il1 

not necessarily coincide with own social discount rates. 

A. C. Pigou, a noted British welfare economist, observed that 

individuals have faulty perceptions concerning the future and are 

inclined not to make sufficient provisions for it, According to 

Pigou, individuals weigh their welfare too heavily and that of future 

generations too lightly. Therefore, the government's task is to 

correct this bias favoring present generations, thus acting as the 

trustee of the future. Pigou concluded that government should use a 

lower discount rate than shortsighted individuals would when 

evaluating public investment projects (Sassone and Schaffer, 1978). 

The methods of determining discount rates discussed above provide 

many alternatives for determining the appropriate discount rate to be 
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used in benefit cost analysis. If 1 101/i' discount rate is adopted For 

benefit-cost analysis, this would enable projects with benefits 

occurring farther in the future to prove more acceptable. The 

argument for low (lower than market rates) social discount rates rests 

on the difference between an individual's preference in his capacity 

as an individual and his preference as a member of a society capable 

of collective action. Lower discount rates give greater weight to the 

future than do higher rates. 

Randa 11 ( 1981 ). argues that it is inappropriate to use estimates 

of the social discount rate that are considerably lower than 

market-generated discount rate estimates. Randall contends that to 

bias the efficiency evaluation of a project by manipulating the social 

discount rate in order to make the inefficient appear feasible does 

not serve that cause of greater efficiency. However, Randall points 

out that capital markets are seldom perfect, thus a single clear cut 

private discount rate can not be identified. The Follo,ving proci=dure 

is suggested by Randa 11 (1981): 

1. The social discount rate should reflect the marginal 

efficiency of investment (MEI). The banking system's 

p r i m e 1 e n d i n g r a t e i s a r ea s on ab l e i n d i cat or of ME I , 

although it includes an adjustment for the rate of 

inflation and for the corporate income tax. 

2. Although the public sector is large and diversified, 

public investments are not risk free. ror this reason, 

the risk premium included in the prime 1ending rate is 

appropriate for public investment. 



3. So long as future revenue streams from public 

investments are valued at real prices (i.e., net of 

inflation), the social discount rate should be the real 

rate of interest, not the monetary rate of interest. 

Thus, the prime rate of interest must be adjusted 

downward to account for inflation. Randall projects the 

real rate of interest in the United Sates, and reflected 

by the prime lending rate, at about 2.5 to 3 percent net 

of corporate income taxes. 

4. Where corporate income taxes approach fifty percent, a 

private corporation undertaking an investment needs to 

e a r n a p p r o x i m a t e 1 y t w i c e t h e r ea 1 pr i me r ate • Th i s 

suggests that MEI in the private sector is about 6 

percent in real terms in the United States. 
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Based on these conclusions, Randall (1981) suggests that public 

investments should be evaluated using a social discount fate of about 

six percent. 

Olson (1983), referencing a study by Feldstein and Summers 

(1977), suggests that one ~vay of approximating the value for the 

marginal social discount rate is to start with the annual real rate of 

return on private investment and adjust for effective rates of 

taxation on corporate and personal inco:ne. The annual real rate of 

return on private investment and the effective rates of taxation on 

c or p or at e and person al i r1 corn e are 12. 4, 4 0 and 3 0 percent, 

respectively. Using this approach, Olson concluded that the value of 

the marginal social discount rate is approxi:nately Fiv:::~ ;Jerce,1t or 

less than half of the annual rate of return on private investment. 
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01 son· also suggests that for those reluctant to assume 

diminishing marginal utility of consumption, or a particular 

elasticity of value, the only alternative seems to be to infer the 

value of the marginal social discount rate from a country's optimal 

combinations of investment and saving or real growth rate. For the 

United States, the real growth rate averaged about 3.5 percent during 

the 1945 to 1975 period (Gr~nlich, 1981). 

Both the Randall and Gramlich procedures appear to have merit. 

Thus, benefits and costs in this study are discounted by two social 

discount rates, four and six percent, to determine not only project 

feasibility, but also to determine how sensitive such a verdict is to 

the discount rate. 

Net Present Value 

The fol lowing net present value formula will be used to estimate 

the present value of the future costs and benefits of the educational 

project. 

[ 82 (::i)~ cl + c2 + c 
NPV + + . • . n = - -

+i l+i l+i l+i ( l+i) n 

~'/here 

NPV = Net Present Value 

= Benefits in Year t 

= Costs in Year t 

= Discount Rate 

n = The Total Time Horizon 

According to Christensen and Pontius (1983), if the net present value 

is positive, it indicates that the project yields a net benefit to 

society. 



107 

Benefit-Cost Ratio 

The above results are also reported in the form of benefit cost 

ratio, defined as the sum of the discounted benefits of the project 

divided by the sum of the discounted costs of the project. A value 

for this ratio greater than 1 indicated a net benefit to society from 

the educational project. 

Results of the benefit-cost analysis are reported in Chapter V. 

Impact determination and analysis are reported in Chapter IV. 



CHAPTER IV 

IMPACT DETERMINATION 

This chapter includes the empirical research results and an 

interpretation of those results. The focus of this study was on the 

impact of an energy education project conducted from May 1982 to May 

1983 using the Oklahoma Cooperative Extension network for program 

delivery. The purpose of the study was to determine and analyze 

energy conservation changes made by limited resource households in 

Choctaw and Pushmataha Counties of Oklahoma. Further, benefits and 

costs associated with these changes were analyzed to determine policy 

implications. Results of the benefit-cost analysis and policy 

recommendations are presented in later chapters. 

Research results are presented in two major sections. The first 

section addresses research objective one. This objective deals with 

determining the extent to which participant households adopted energy 

conservation practices at three data collection points during the 

project. The objective focused on the extent to which project 

households adopted energy conservation practices after the summer 

project phase and after the winter project phase. The number of 

conservation practices present at the beginning of the project was 

used as a pre-condition base to determine the extent of project 

impact. The second part of this chapter addresses the impact of 

108 



109 

intervening variables such as changes in utility prices, household 

income, and other educational programs impacting participant 

households during the study period. The extent to which intervening 

variables influenced changes made by participant households in 

relation to the impact of the energy conservation educational project 

are discussed. 

Adoption of Energy Conservation Practices 

This section examines the extent to which participant households 

adopted energy cons er vat i on pr act i c es du r i n g the study period. 

Households were surveyed three times by paraprofessional energy aides 

to determine if any of 37 different conservation practices were 

present. A portion of the Energy Education For Oklahoma Families 

survey form was completed at each data collection point.· The 

collection points were the beginning of the project, the end of Phase 

I (summer), and the end of Phase II (winter). The number of practices 

present in each of the 166 participant households was documented on 

the Energy Education For Oklahoma Families survey form (Appendix A). 

It is important to consider adoption rates of the 166 households 

composing the present study sample as related to the total number of 

households contacted during the Energy Education for Limited Resource 

Ok 1 ahomans project conducted in Choctaw and Pushmataha Counties of 

Ok 1 ahoma from May 1982 to May 1983. This comparison is particularly 

important to determine if the 166 households in the study sample 

tended to adopt more practices than the total group. If this were the 

case, the present study would indicate unrealistically high adoption 

rates. A comparison of these two groups indicate little difference. 



TABLE VII 

BENEFIT-COST MATRIX FOR ENERGY CONSERVATION PRACTICES 

Benefits Costs 

- - - - - - - - - - - - - - DIRECT TANGIBLE - - -
Reduced household energy use Money 

Project: 
personnel 
travel 
educational materials 
office supplies 
other direct 

phone, postage, audio 
visual rental, adver­
tising, etc. 

Participant Households 
Materials 

Subsidy From Outside 
participant Households 

Opportunity Cost 
Participant Household 

time to participate in 
educational project 

time to install conser­
vation practices 
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Time Provided By Individuals 
and Groups Outside the 
Household 

DIRECT INTANGIBLE - - - - - - - - - - -
Increased household comfort 
Pride and feelings of accomplishment 

for households making changes 
Increased human knowledge and skill 

of participant household members 
and paraprofessionals 

Increased skill of project staff in 
developing, implementing and 
evaluating special projects 



TABLE VII (Continued) 

Benefits 

- - - - - - - - - - INDIRECT TANGIBLE 

Reduced dependence on foreign sources 
of energy 

INDIRECT INTANGIBLE 

Improved communications among local 
and area agencies working with 
limited resource households 

Develop marketable skills of 
paraprofessionals and clients 

Costs 

Agency money 

Agency personnel 
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For example; reducing the water heater temperature was the practice 

which was adopted most frequently by both groups. Over 76 percent of 

the study sample adopted this practice while 88.8 percent of the total 

group adopted this practice. Storm windows were applied by 72.7 

percent of the total households contacted while only 23.06 of the 

study sample adopted this practice. However, 20.02 percent of the 

study sample caulked and weatherstripped while only 13.7 percent of 

the total group adopted this practice. Ceiling insulation was added 

by 9.07 percent of the study sample and 5.1 percent of the total 

number of households contacted by the project (Williams and Wilsqn.,. 
. . ! 

1983). Based on this review, it is assumed that the adoption rate for 

the study sample was not substantially different from the adoption 

rate for the total number of households contacted during the project 

period. 

Table VIII presents survey results for the 166 households 

composing the study sample. According to these data, each household 

had an average of 9.233 of the 37 energy conservation practices 

present at the beginning of the project before energy education aides 

delivered the educational message. Data collection at the end of 

summer (Phase I), reflected that an average of 1.144 energy 

conservation practices per household were added during Phase I. This 

resulted in an average of 10.367 energy conservation pr'actices per 

household. Another 1.018 practices per household were added during 

the winter phase (Phase II). The average number of practices present 

at the end of Phase II was 11.385. Each household made an average of 

2.162 changes during the project period. 
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TABLE VIII 

ENERGY CONSERVATION PRACTICES PRESENT IN PARTICIPANT HOUSEHOLDS 

Practices Practices Practices 
Energy Conservation Present At Added Added Total 

Practices Beginning During During Change 
Phase I Phase II 

N % N % N of N % /0 

Ceiling Insulation 99 59.64 2 1.24 13 7.83 15 9.07 

Wall Insulation 79 47.59 1 0.62 0 0.00 1 0.62 

Floor Insulation 5 3.01 0 0.00 0 0.00 0 0.00 

Caulking and Weatherstripping 79 47.59 9 5.56 24 14.46 33 20.02 

Duct Insulation 26 15.66 1 0.63 0 0.00 1 0.63 

Storm Doors 96 57.83 0 0.00 7 4.22 7 4.22 

Storm Windows 33 19.88 3 1.85 35 21.21 38 23.06 

Indoor Roll-Up Shades 55 33.13 1 0.63 5 3.03 6 3.66 

Roman Shades 2 1.21 1 0.62 3 1.81 4 2.43 

Draperies 106 63.86 3 1.85 5 3.01 8 4.86 

Drapery Liners 35 21.08 2 1.24 0 0.00 2 1.24 

Window Inserts 0 0.00 0 0.00 1 0.60 1 0.60 

Venetian Blinds 3 1.81 0 0.00 0 0.00 0 0.00 

Outdoor Roll-Up Shades 8 4.82 3 1.86 1 0.60 4 2.46 

Awnings 4 2.41 2 1.24 1 0.60 3 1.84 

Sun-Screen 0 0.00 0 0.00 0 0.00 0 0.00 

Solar Control Film 6 3.61 3 1.85 1 0.60 4 2.45 

Louvered Visors-Windows 0 0.00 0 0.00 0 0.00 0 0.00 

Louvered Visors-Doors 1 0.60 0 0.00 0 0.00 0 0.00 

Louvered Visors-Cooling Unit 6 3.61 2 1.24 0 0.00 2 1.24 

Landscaping-Deciduous Trees 120 72.29 1 0.62 1 0.60 2 1.22 

Landscaping-Deciduous Shrubs 32 19.28 3 1.85 0 0.00 3 1.85 

Landscaping-Evergreen Trees 9 5.42 0 0.00 1 0.60 1 0.60 

Landscaping-Evergreen Shrubs 9 5.42 2 1.24 0 0.00 2 1.24 

Ceiling Fan 8 4.82 10 6.17 2 1.21 12 7.38 

Portable Fan 134 80.72 5 3.09 1 0.60 6 3.69 

Whole House/Attic Fan 33 19 .88 0 0-.00 1 0.60 1 0.60 

Home Heating System 166 100 .00 0 0.00 4 2.41 4 2.41 
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TABLE VIII (Continued) 

Practices Practices Practices 
Energy Conservation Present At Added Added 

Practices Beginning During During Total 
Phase I Phase II Change 

N % N % N % N % 

Homa Air-Conditioning System 105 63,25 ~-· 3.13 1 0.60 6 3.73 
Leaky Hot Water Faucets 6.67 0 0.00 2 1.21 2 1.21 
Insulated Hot Water Pipes 23 13.86 0 0.00 0 0.00 0 0.00 
Insulated Hot Water Tank 38 22.89 0 0.00 0 0.00 0 0.00 
Reduced Hot Water Temperature - 107 66.05 17 10.24 124 76.29 

High 141°- 160° 
Medium 121°- 140° 88 55.70 
Low 100°- 120° 15 9.49 

Made and Used Windbreakers 1 0.62 9 5.42 10 6.04 
Added Humidity in Winter 0 0.00 6 3.61 6 3.61 
Other 22 13.25 22 13.25 44 26.94 
Reduced ~Ji nter Therm. Setting 37 22.42 1 0.62 6 3. fil 7 ·4.23 
Increased Summer Therm.Setting 14 8.49 5 3.09 0 0.00 5 3.09 

AVERAGE NUMBER OF PRACTICES 
ADDED 1.144 1.018 2.162 

AVERAGE NUMBER OF PRACTICES 
PRESEfff 9.223 10.367 11. 385 

N = Number of households with practice present at beginning of project 
and number of househdlds adding conservation practices during the project. 

% = Percent of total households in study with practice present or 
added. 
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Analysis of variance was used to determine if a significant 

difference existed between the average number of conservation 

practices present at the beginning of the project and at each o·f the 

data collection points after delivering the educational project. The 

analysis of variance was designed for a single factor experiment with 

repeated measures. The results of this analysis (Table IX), using a 

one tailed test for correlated data, indicated mean differences at the 

.0001 level of significance. 

TABLE IX 

ANALYSIS OF VARIANCE--SINGLE FACTOR EXPERIMENT 
HAVING REPEATED MEASURES 

Source of Variance SS df MS 

Between Households 7132. 635 497 
Within Households 726.667 332 

Between Treatments 388.639 2 194.319 
Residual 338.028 330 1.024 

F 

189.704** 

F (2,330) = 4.61 

The calculated F value of 189.704 indicated highly significant 

mean differences between the number of practices present in the 

participant households at the beginning of the project and at each 

data collection point after the educational effort was implemented. A 

"t" statistic was used to determine which means were different. 
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Paired t-tests were completed on the mean number of practices 

present at the beginning of the project, at the end of Phase I and at 

the end of Phase II. This test determined if a significant difference 

existed between the average number of practices present at each data 

collection point during the project, i.e., x8 -:/ x1 ; XI::/ XII 

and XII # x8 

where 

x B 
= mean number of practices present at the beginning of the 

project · 

= mean number of practices present at the end of Phase I 

= mean number of practices present at the end of Phase II 

Results of the paired t-tests indicated significant mean differences 

at the .0001 level for all three pairs of means. T values for x8 I 

XI, XI -:/ XII and x1 I 'f x8 were 13.25, 9.29 and 16.33 

respectively. All t values were highly significant. These findings 

suggest that a significant number of conservation practices were added 

by participant households during each phase of the educational 

project. 

These data support the hypothesis that the average number of 

energy conservation practices present in participant households were 

significantly different at each data collection point. That is, a 

significant number of conservation practices were added during each 

project phase. A greater number of practices were added during Phase 

I (summer), than during Phase II (winter). However, from an energy 

conservation perspective, the types of practices added during the 

winter phase had more potential for reducing household energy use than 

those added during the summer phase of the project. 
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In terms of specific practices adopted, the greatest number of 

households, 124, reduced hot water tank temperatures. This is not 

surprising since this practice is very easy to accomplish, costs 

virtually nothing to implement, and does reduce household energy use. 

Most participant households reduced water tank temperatures during 

Phase I of the project, indicating that this may be an easy, effective 

practice to adopt first when establishing a household energy 

management plan. 

Thirty-eight households, or 23.06 percent of the study sample, 

added storm windows to their house. Most of the storm windows added 

were heavy gauge, six mi 1 1 i meter , c 1 ear p 1 as tic. P 1 as tic storm 

windows are just as efficient as glass storm windows from a thermal 

standpoint and are much less expensive. In addition, plastic storm 

windows can be made and installed by household members. Most storm 

windows were applied during Phase II, or the winter phase of the 

project. Caulking and weatherstripping were added by 33 households, 

or about 20 percent of the participant households. This practice, 

which is relatively inexpensive, is very effective in reducing 

infiltration energy losses. 

Surprisingly, 15 households, or nine percent of the participant 

households, added ceiling insulation. This is a very cost effective 

conservation measure but requires a relatively high capital ·investment 

to adopt. This practice was probably concentrated among households in 

the upper income range of the sample. Again, insulation was added 

primarily during the winter phase of the project. 

Ceiling fans were added by 12 participant households with 10 

added during the summer phase and two added during the winter phase. 
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Cei 1 ing fans can substantially reduce summer cooling costs if they are 

used to replace and/or reduce the use of a central air conditioning 

system or a window air conditioning unit. 

A variety of other energy conservation practices were added by 

participant households. A review of the data indicates that most of 

these were practices specific to the unique characteristics of the 

particular household. The only significant exception was that 7 of 

the 44 households reported closing off rooms of their house in an 

effort to reduce energy use during the winter. 

In summary, the basic energy conservation practices adopted by 

participant households were adding storm windows, caulking and 

weatherstripping, and adding ceiling insulation. Eighty-six 

households, almost 52 percent of the participant households, adopted 

one or more of these major energy conservation practices. Conservation 

practices related to household water heating alone were adopted by 124 

participant households, or 76.29 percent of participant households. A 

variety of other conservation practices were adopted by participant 

households but these practices were not adopted by large numbers of 

participant households. This finding indicates that there is a 

limited number of basic conservation practices that tend to be adopted 

by a large portion of participant households, while most practices are 

selected to meet the unique needs of individual limited resource 

households. 

Intervening Variables 

It is important to identify and discuss the potential impact of 

events and conditions other than the educational project (Energy 
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Education for Limited Resource Oklahomans) occurring during the study 

period that may have influenced the adoption of energy conservation 

practices by participant households. Intervening variables included 

changes in residential energy prices, changes in household income, and 

other educational efforts which may have impacted the target audience. 

It is important to examine the potential impact these intervening 

variables have on households in the adoption of energy conservation 

practices designed to reduce household energy use. Specific attention 

was directed toward the responsiveness of efforts to reduce energy use 

to changes in residential energy price and changes in participant 

household income. If participant households are highly responsive to 

changes in energy price and changes in household income, this 

responsiveness must be considered along with the potential impact of 

the energy education project. 

Elasticity of Demand for Energy 

Elasticity of demand is a concept that deals with the 

responsiveness of quantity demanded to changes in other relevant 

variables, such as own price, income and price of substitute products 

(Randall, 1981). In terms of the present study, two factors must be 

considered: the impact of the changes in the price of 

residential energy on the quantity of energy demanded and.the impact 

of the changes of household income on the quantity of energy demanded. 

As pointed out earlier, the household survey was not designed to 

gather data on these variables. Nonetheless, the potential impact of 

changes in residential energy prices and household income must be 

considered. 
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Price Elasticity of Demand 

Price elasticity of demand (EP) for residential energy (RE) 

measures the relationship between the proportional change in the 

quantity of residential energy demanded as a result of a change in the 

price of residential energy. That is: 

where 

EP = Price Elasticity 

RE = Quantity of Residential Energy Demanded 

PRE= Price of Residential Energy per unit 

.'·. ;,. 
/ 

Price elasticity of demand is almost always negative. The demand for 

RE is price elastic if the price elasticity of demand is greater, in 

absolute value, than -1; that is, if a one percent change in price 

results in a change in quantity consumed greater than one percent. If 

the price elasticity of demand for residential energy lies between O 

and -1, the demand for residential energy is price inelastic. Hence, 

a one percent change in price results in less than a one percent 

change in quantity demanded. Randall (1981) concludes that the demand 

for things that are sometimes called "necessities of life" is usually 

price inelastic, while the demand for discretionary items is often 

price elastic. For example, the price elasticity for basic food items 

and shelter is usually inelastic while the price elasticity for 

vacations and good jewelry is usually price elastic. Randall (1981) 

further states that estimates of price elasticity of demand provide 
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very useful information for policy analysis. That is, if the demand 

for energy was price elastic, an increase in the price of energy to 

consumers would be an effective way to induce them to reduce the 

quantity demanded, i.e., to conserve. However, if the demand for 

residential energy was price inelastic, price increases would be a 

much less effective way of encouraging conservation. 

The impact of changes in the price of residential energy during 

the study period on the number of conservation practices adopted by 

participant households is of particular interest in this study. Did 

participant households adopt conservation practices primarily due to 

the motivation and education provided by the project or due to other 

intervening variables, such as changes in utility prices? 

The results of several studies (Ford Foundation, 1976; Walker and 

Draper, 1975; Cunningham and Lopreato, 1977) indicate that Ep varies 

with household income level. According to Walker and Draper (1975), 

upper income households show very little change in energy consumption 

in response to price increases. Cunningham and Lopreato (1977) 

concluded that low-income households (less than $5,000 per family per 

year) are least responsive to increases in electricity and natural gas 

price. In the Cunningham and Lopreato (1977) study, a group of low 

income consumers reported a very moderate reduction in consumption at 

any price for electricity and natural gas. It was suggested that for 

these respondents consumption probably is already minimal; hence, a 

slight to moderate reduction is all they could accomplish. Middle-

income groups in this study were the most responsive to changes in 

utility prices. 
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Short Run Elasticity of Demand 

Griffin and Steele (1980) conclude that the time frame within 

which elasticities of energy demand are considered is very important. 

They contend that the short run demand for energy ·is highly inelastic 

with respect to price while long run demand for energy is more elastic 

with respect to price. Griffin and Steele (1980), reported long run 

elasticities for the residential-commercial sector as -2.26 for 

natural gas and -.88 for electricity. They caution however that these 

long run responses may take many years to achieve. 

Given the one year period for the present study, short run 

elasticities of price (and income) are the most relevant. The short 

run is defined here as the period within which a household 1 s stock of 

appliances and demographic profile is fixed (Barnes, Gillingham and 

Hagemann, 1981 and 1982). 

Income Elasticity of Demand 

The other important demand elasticity concept is the income 

elasticity of demand (EI), which relates changes in quantity 

demanded to changes in the consumer•s income. For the present case: 

where 

RE = Quantity of Residential Energy Demanded 

Y = Household Income 



Intervening Variables and the Adoption of 

Energy Conservation Practices 
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Residential energy prices and income of participant households 

are intervening variables, in the sense that a change in either would 

tend to create changes in the amount of energy consumed and presumably 

in the frequency with which energy conservation practices are adopted 

by participant households in the short run. In particular, an 

increase in residential energy prices would reduce consumption, 

possibly through adoption of energy conservation practices. Adoption 

of such practices is more likely the larger the residential energy 

price change and the larger the price elasticity of demand for 

residential energy. Likewise, following this logic, the likelihood of 

adoption of energy conservation practices would be smaller, the 

smaller the change in price and the smaller the elasticity of demand 

for residential energy. In addition, an increase in household income 

would result in an increase in residential energy consumption tending 

to offset a rise in energy price. The larger the change in income and 

the income elasticity of demand, the less likely that energy 

conservation practices would be adopted. 

To conclude, the likelihood of participant households adopting 

energy conservation practices due to utility price change and income 

change is smaller the: 

1. smaller the increase in residential energy prices; 

2. smaller the price elasticity of demand for residential energy; 

3. larger the increase in household income; 

4. larger the income elasticity of demand for residential energy. 
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Short Run Elasticities of Demand for Electricity 

Numerous studies have been conducted to determine price and 

income elasticity of demand for electricity. Table X summarizes 

studies which focus on short run price and income elasticity for 

residential household electricity demand. Although there have been 

several time series studies, and/or studies using large aggregate data 

sets, they were omitted on the grounds of inapplicability to the case 

under study. 

TABLE X 

ESTIMATED SHORT RUN ELASTICITIES FOR RESIDENTIAL ELECTRICITY 

Study 

Houthakker (Taylor, 1975) 
Anderson 
Wilder and Willenborg 
Acton, et al. 
Battalio, et al. 
Barnes, et al. 
Roth 

*NE - Not Estimated 

Date 

1962 
1973 
1975 
1976 
1978 
1980 
1981 

Elasticity Coefficients 
Price Income 

-0.89 
-0.91 
-1.00 
-0.70 
-0.20 to -0.32 
-0.55 
-0.11 

1.16 
1.13 
0.16 
0.40 

NE 
.20 
NE 

A review of Table X reveals substantial variation in short run 

estimates of both price and income elasticities of demand for 

residential energy. Price elasticity estimates range from -0.11 to 

-1.00, and the range of reported income elasticities is from .16 to 

1.16. These variations stem from differences in type and source of 
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data, econometric methods used, and the treatment of the price 

structure. In general, though the more recent estimates are based on 

better specified models, they are better indicators of the behavior of 

current household decisionmakers. Thus, both the price and income 

elasticities of demand for the study group are likely to be quite 

small, and similar in terms of absolute value. 

Short Run Residential Demand for Natural Gas 

Barnes, Gi 11 i ngham and Hagemann (1982) conducted a study on the 

short run residential demand for natural gas. This study determined 

the level of natural gas consumption for study households and related 

it to their stock of gas appliances and a demographic profile. Using 

this research approach, they found an over al 1, short run price 

elasticity of demand for natural gas to be -0.682. Based on, this 

finding, they concluded that short run residential demand for natural 

gas is price inelastic. However, this value is substantially more 

elastic than a 1977 estimate by Bloch (Barnes, Gillingham and 

Hagemann, 1982). The Bloch (1977) and Barnes, Gillingham and Hagemann 

( 1982) price elasticity estimates are based (correctly) on household 

data using marginal prices. Other studies of natural gas are based 

(incorrectly) on aggregate data using average prices, and a review of 

these studies is not included in this discussion. 

Data on the income elasticity of demand for natural gas are quite 

scarce. The most recent, and probably the most relevant data for this 

study, is an estimate of 0.65 by MacAvoy (1983, 116), based on 

regression analysis of data from the Monthly Energy Review of the 

Department of Energy. 
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These limited results indicate that the effect of a one percent 

change in price on the quantity consumed of natural gas is relatively 

close to the effect of a one percent change in income. Given similar 

results for electricity, the relevance of the two intervening 

variables - price and income - depends largely on the size of the 

percentage changes in price and income which actually occurred for the 

study group during the study period. The latter depends, in part, on 

the sources of energy for each household. 

Energy Sources for Participant Households 

Data collected on participant households indicate that the 

primary sources of residential energy for the study sample were 

electricity and natural gas. According to the Energy Education For 

Oklahoma Families survey, 74.1 percent of participant households-were 

heated by natural gas with another 5.4 percent heated with 

electricity. Electricity was the primary energy source for space 

cooling and operation of other household equipment such as lights, 

refrigerators, freezers, equipment used for entertainment, etc. 

Suppliers of electricity to residents of Choctaw and Pushmataha 

Counties of Oklahoma are Choctaw Rural Electric Cooperative and Public 

Service Company of Oklahoma. Of the 166 households in the study 

served by these utilities, 65 percent were served by Public.Service of 

Oklahoma and 35 percent were served by Choctaw Rural Electric 

Cooperative. Natural gas was supplied to participant households by 

Lone Star Gas Company. 
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According to computerized energy audits done on each participant 

household, average estimated electrical use for each household was 

1272.637 KWH per month during the summer (June through September) and 

381. 791 KWH per month for the rest of the year. Each participant 

household had an estimated natural gas usage of 14.689 MCF per month 

during the winter (November through April) and an estimated use of 

4. 539 MCF per month for the rest of the year. These projections 

assume natural gas space heating and water heating, electric space 

cooling, and electric use for the operation of other household 

appliances. 

Utility Rates 

Utilities such as Public Service Company of Oklahoma and Lone 

Star Gas Company have established customer rates which are regulated 

by the Oklahoma Corporation Commission. Choctaw Rural Electric 

Cooperative is not regulated by the Oklahoma Corporation Commission 

but fol lows a similar system of establishing customer rates as other 

major utilities in the state. 

Established rates are based on the utilities 1 normal operating 

costs, investment in power generating and transmission facilities and 

return on investment for stockholders and/or owners. In addition to 

the basic rate, utilities are allowed to automatically adjust rates to 

ref l e ct fl u ct u at i on s i n the cost of fuel to the utility. This 

provision is called a fuel adjustment clause. Utilities use a fuel 

adjustment clause to recover the difference between a pre-established 

fuel price and the price actually paid for fuel (Office of Consumer 

Affairs, 1980). 
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Electricity Prices During Study Period 

Table XI reports electricity prices for the two electric 

utilities serving participant households, Public Service Company of 

Ok 1 ahoma ( PSO) and Choctaw Rural Electric Cooperative (Choctaw REC). 

During the study period, neither utility increased their customer 

charge. PSO charged $4.50 per month and Choctaw REC charged $8.00 per 

month. Public Service Company of Oklahoma increased their rates once 

during the study period. This rate increase went into effect June 4, 

1982. The increase impacted all residential rate levels. Fuel 
.• ,. . ,.,, 

adjusted rates for the off-peak period in January 1982 and January 

1983 were $.046317/KWH (.0556 - .009285) and $.057275/KWH (.05841 -

.001135) respectively. The adjusted rate in January 1983 v,as 23.7 

percent higher than the January 1982 adjusted rate. On peak rate, 

changes for PSO may have increased as little as five percent [(.05841 

- .0556)/.0556)]. 

Choctaw Rural Electric Cooperative did not have a rate increase 

during the study period, but the fuel adjustment charge did influence 

the per KWH rate paid by Choctaw REC customers. Fuel adjustments vary 

from month to month and can result in either an increase or decrease 

in price per KWH paid by a household. In the case of Choctaw REC, 

fuel adjustments just prior to the study period (January 1982) and 

during the study period resulted in increased prices paid by 

customers. For example, from January 1982 to January 1983, winter 

rates increased from $.047109/KWH (.0487 - .001591) to $.07224/KWH 

(.0487 + .02354), a 53.34 percent per KWH increase in the price of 

electricity. Between May 1982 and ~ay 1983, there was a 9.74 percent 



TABLE XI 

ELECTRIC PRICES DURING STUDY PERIOD 

Customer Charge 
Rate: On Peak (Summer) 

All KWH 

Off Peak (Winter) 
All KWH 
First 400 KWH 

All KWH Over 400 

Fuel Adjustment 
January 1982 
February 1982 
March 1982 
Apri 1 1982 
May 1982 
June 1982 
July 1982 
August 1982 
September 1982 
October 1982 
November 1982 
December 1982 
January 1983 
February 1983 
March 1983 
Apri 1 1983 
May 1983 

PSO 

$4.50 per month 

.0556 per KWHl 
(1-15-82/6-3-82) 
.05841 per KWH 
(6-4-82/End of Study 

. 0556 ~;~ KWH 2 
(1-15-82/6-3-82) 
.05841 per KWH 
(6-4-82/End of Study) 
.0398 per KWH 
(1-15-82/6-3-82) 
.04183 per KWH 
(6-4-82/End of Study) 

$/KWH 

-.009285 
- . 001736 

.000701 
- .002186 
- .001909 
-.002036 
-.000132 

.002612 

.001079 

.001359 

.000819 
-.001267 
-.001135 
- .001060 

.001018 

.001485 

.003432 
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CHOCTAW REC 

$8.00 per month 

.0520 per KWH 3 

.0487 per KWH4 

$/K~1H 

.001591 
.• OC0411 
.001428 
• 002910 
.020886 
.023386 
.017841 
.012742 
.014460 
.020299 
.024367 
.023084 
.023540 
.025456 
.024547 
.023587 
.027988 

1The "On Peak Season 11 rate schedule for Pub1ic Service Company of 
Oklahoma applies during the billing months of June through September 

LThe "Off Peak Season 11 rate schedule for Public Service Company of 
Oklahoma applies during the billing months of October through May 

3summer rates for Choctaw Rural Electric Cooperative apply to usage 
May through September inclusive 

4winter rates for Choctaw Rural Electric Cooperative apply to usage 
October through April inclusive 
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increase in the summer rate schedule for participant households served 

by Choctaw REC. During this period, summer prices increased from 

$.072886/KWH (.0520 + .020886) in May 1982 to $.079988 (.0520 + 

.027988) in May 1983. 

Natural Gas Prices During Study Period 

According to data, as reported in Table XI, the rate charged for 

natural gas by Lone Star Gas Company did not change from January 1982 

to May 1983. Changes in natural gas rates for participant households 

were due to fluctuations in the price paid by Lone Star Gas Company 

for natural gas and reported as a fuel adjustment on Table XII. 

Fuel adjustments during the study period ranged from 39 to 94.52 

cents per MCF. These fuel adjustments resulted in a 7.9 percent per 

MCF price increase for the first MCF of gas consumed between January 

1982 ($4.25/MCF + $.33 = $4.83/MCF) to January 1983 ($4.25/MCF + $.71 

= $5. 21/MCF) for the winter rate schedule. Participant households 

paid 13.07 percent more per MCF for all natural gas used over the 

first MCF during this period. Between May 1982 to May 1983, summer 

rate schedule natural gas prices increased 10.13 percent for the first 

MCF used and 17.09 percent per MCF for all additional natural gas uses 

within the month. 

Income for Target Group 

Income data were col 1 ected for participant households on the 

first visit to the home. Fifty-nine percent of the households had an 

income of less than $6,000 per year in 1982-1983 dollars. Another 



Rate 
Sumner1 

TABLE XII 

NATURAL GAS PRICES DURING STUDY PERIOD 
LONE STAR GAS COMPANY 
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First 1 MCF or Fraction Thereof 
All Consumption Over 1 MCF 

$4.25 per MCF 
$2. 36 per MCF 

Wi nter2 

First 1 MCF of Fraction Thereof 
All Consumption Over 1 MCF 

Fuel Adjustment 
January 1982 
February 1982 
March 1982 
April 1982 
May 1982 
June 1982 
July 1982 
August 1982 
September 1982 
October 1982 
November 1982 
December 1982 
January 1983 
February 1983 
March 1983 
April 1983 
May 1983 

$4.50 per MCF 
$2 .61 per MCF 
$/MCF3 

.3300 

.3300 

.4100 

.4400 

.3900 

.3900 

.7400 

.6300 

.7000 

.6300 

.7600 

.7900 

. 7100 

.8000 

.8088 

.9452 

.8602 

1summer rates apply to use between meter reading dates in May and 
Oct~ber. · 

Winter rates apply to all usage not under the SuJTBTier schedule. 
3Mcs means thousand cubic feet or the quantity of gas occupying 

one thousand cubic feet of space at 60 degrees Fahrenheit (60°F) and 
an absolute pressure of 14.65 pounds per square inch. 
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38.1 percent had incomes of between $6,001 and $12,000 per year. 

These findings, in light of the Cunningham and Lopreato (1977) study 

suggest that very little change in conservation practices could be 

attributed to income of the participant households. Substantial 

change in household income, however, could have potentially influenced 

conservation practices adopted by participant households. 

Unfortunately, data were not collected at the end of the project to 

determine if income had changed substantially during the study period. 

Given the general low income profile of participant households 

along with their age, 47. 7 percent over 62 years of age, it was 

assumed that a large number of project households received the 

majority of their income from social security benefits.· Social 

security recipients received cost of living increases as a result of 

increases in the consumer price index during the study period. 

Although the average household increase from this source was almost 

seven percent, an adjustment for inflation occurring during the study 

period implies an increase in real income of only 3.9 percent during 

the study period. A 3.9 percent increase in real income would not 

have substantially changed the income level of participant households 

with an aged head. 

Based on the low income profile of all participant households, it 

was assumed that many households not eligible for soc;-a1 security 

benefits were receiving Aid to Families with Dependent Children (AFDC) 

and Food Stamps. This assumption is further supported by the percent 

of fami 1 ies in Choctaw and Pushmataha Counties receiving AFDC and 

state supplemental payments compared to the rest of Oklahoma. During 

FY 1983, 9.1 percent of the population in Choctaw County and 12.1 
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percent of the population in Pushmataha County received AFDC and 

supplemental payments. During this same period, the average number of 

households in the state receiving these payments was 4.2 percent 

(Ok1uhoma Department of Human Services, 1983). 

The last basic allotment change for households receiving AFDC 

occurred in April, 1979 (Oklahoma Department of Human Services, 1984). 

When cost of living increases are considered, this would result in a 

small reduction in real income during the study period of about 3.9 

percent. Food Stamp allotments were increased in January 1983. When 

this 4.3 percent increase was adjusted for inflation it resulted in a 

.4 percent increase in the real value of Food Stamps (U.S. Department 

of Commerce, 1983). 

Unemployment rates during the study period also increased. In 

Choctaw County, unemployment was 9.8 percent in May 1982 and rose to 

14.2 percent in May 1983. Unemployment in Pushmataha County was 11.9 

percent in May 1982 and increased to 16.4 percent by May 1983 

(Oklahoma Employment Security Commission, 1983b). These facts 

strongly suggest that there was no upward pressure on wages for low 

wage occupations in these counties during the study period. 

Income data for the study area then suggest little or no increase 

in household income during the study period. In fact, there is some 

evidence of slight decreases in real income for households· in the tit,o 

counties included in the study. 

Other Educational Efforts Impacting Target Group 

No other major energy education effort which focused on 

individual delivery of the educational message was conducted during 
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the study period. Mass media efforts such as radio and television 

announcements, as well as printed material used as bill stuffers by 

major utilities, were used during this period. Articles related to 

residential energy conservation appeared in local newspapers and 

utility company newsletters. According to studies done to determine 

the impact of education on the adoption of energy conservation 

practices, these efforts serve to increase awareness of energy 

conservation but do little to motivate adoption of energy conservation 

practices {Cunningham and Lopreato, 1977; Braun, Williams and Murray, 

1979; and Williams and Braun, 1981). It is suggested that although 

mass media energy education efforts did increase awareness of energy 

conservation during the study period, these efforts did little to 

encourage participant households to adopt energy conservation 

practices. 

Summary Concerning the Impact of 

Intervening Variables 

How important was the omission of questions from the household 

survey that could have provided information on the intervening 

variables of price and income? As indicated above, this depends on 

the values for the price and income elasticities of demand, the 

percentage changes which occurred in price and income, and the 

proportion of households affected by these changes. 

The literature strongly suggests that price and income elasticity 

values are similar enough for both electricity and natural gas that 

this potential source of difference played virtually no role during 

the study period. However, inferences based on population 
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characteristics indicate that virtually no change in real income 

occurred for the study population while they were faced with higher 

energy prices. This result alone suggests that price changes could 

have induced households to adopt sc~e conservation practices. 

Although the conservation-inducing effect of price changes was 

probably positive, it was likely to be small. A casual review of the 

price change estimates may appear to indicate otherwise. However, a 

comparison of the change in winter rates for natural gas, and of the 

changes in summer rates for electricity, yields price changes in the 

range of five to ten percent. Surely this change, coupled with 

relatively price-inelastic demand values, implies a small influence 

from changes in utility rates during the study period. Thus, although 

these price increases may have impacted adoption somewhat, it can be 

assumed that the educational project contributed substantially to 

adoption as well. Further, it is postulated that the educational 

project offered viable alternatives for energy conservation that may 

have been overlooked had participant households not been made aware of 

the potential benefit of such practices, i.e., the desire to conserve 

due partially to increased prices may not have resulted in action had 

the participant household not received the energy education. 



CHAPTER V 

BENEFIT-COST ANALYSIS 

Consumers face difficult decisions daily as they attempt to 

allocate scarce resources among their needs and unlimited wants. 

Similarly, public decisionmakers such as elected and appointed 

officials, educators, agency directors and others seek answers to sui:.11 

questions as: In what areas are the needs greatest? What allocation 

of resources will provide the highest utility for the citizens of the 

city, county, state, nation and world? Which methods will provide 

utility at the least cost? Consumers and public decisionmakers alike 

face the problems of scarcity and the best use of resources to attain 

goals (Volker and Deacon, 1980). 

While such an analogy is appropriate to some extent, pertinent 

differences between public decisionmakers and individual 

decisionmakers need to be considered. Hinrichs and Taylor (1976) 

point out three such differences between public and private sector 

decision making. 

1. The nature of decision making in the public sector is a 

group process. Inherent in the process are the 

interactions, pressures and bargaining among different 
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groups for their own particular interests. Therefore, 

there is no single consumer or producer whose welfare is 

to be maximized. 

2. The nature of goods in the public sector is often quite 

different from those in the private sector. The public 

sector is concerned primarily with public .goods 

available for all, such as clean air, parks and 

quasi-collective goods that society can produce at a 

lower price such as education. In recent years, the 

public sector has devoted a great deal of attention to 

the cost and availability of energy resources. 

3. The nature of goals is substantially different in public 

and private sectors. Public sector goals are highly 

complex, rapidly changing and more difficult to know and­

meas ure than for those of individuals. When a group 

acts, some members may gain more than others and some 

may lose more than others. 
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Keeping in mind the public and individual needs for information in 

decision making, the nature of decision making in the public sector 

versus the private sector, and the pressure for accountability and 

prudent use of resources, it becomes important to use economic 

principles and sound evaluation tools and techniques when 

implementing programs to serve individual consumers as well as the 

public good. All projects and programs are dependent on funding. 

Budget constraints have a large impact upon the funding and the 

resulting output of individual projects and programs. Therefore, 
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economic considerations become a part of every project at one stage or 

another. 

According to Sassone and Schaffer (1978), economics may be 

partitioned into two areas: (1) positive economics and (2) normative 

economics. Positive economics describes, explains and predicts actual 

economic phenomena. It is devoid of value judgement, that is, 

positive economics does not state whether conditions or events are 

good or bad. Normative economics, however; explicitly introduces value 

ju d gem en ts an d norms i n as s es s i n g the re 1 at i v e des i r ab il i ty of 

different economic conditions. The commonly used term for normative 

economics is welfare economics. Welfare economics relates to 

society's allocation of scarce resources for the purpose of maximizing 

social welfare. Welfare, as used in this sense, refers to the 

well-being of all the members of a society concerning resources. 

Benefit-cost analysis is applied welfare economics. The question 

posed is whether a particular decision or a particular allocation of 

resources helps or hinders a society. For the purposes of the present 

study, benefit-cost analysis is used to analyze the Energy Education 

for Limited Resource Oklahomans project. Energy conservation 

practices adopted by limited resource households in southeastern 

Oklahoma are also evaluated, using data common to both tasks. The 

economic analysis focuses on the benefits and costs 'of adopting 

various energy conservation practices in an effort to reduce household 

energy consumption and increase household comfort. 

Tables XIII and XIV report first year benefits and costs 

associated with the adoption of fourteen energy conservation practices 

by selected households in Choctaw and Pushmataha Counties of Oklahoma 

from May 1982 to May 1983. 



TABLE XII I 

FIRST YEAR BENEFITS FOR ENERGY CONSERVATION PRACTICES 
ADOPTED BY SELECTED HOUSEHOLDS IN 

SOUTHEASTERN OKLAHOMA 

Number of Mean Projected Total 
Item Households Do 11 ar Savings Projected 

Adopting For Each Dollar 
Practice Practice Savings 

For Each 
Practice 

Benefits From Reduced Energy Use 

1. Ceiling Insulation 14 $104.56 $1,463.84 

2. Wall Insulation 1 3.75 3.75 

3. Storm Windows 33 28.01 924.33 

4. Storm Doors 5 4.46 23.30 

5. Caulking and 
Weatherstripping 30 15 .26 457.20 

6. Duct Insulation 1 53.24 53.24 

7. Reduced Water 
Heater Temperature 103 37.42 3,854.26 

8. Changed Thermostat 
Setting 5 33.16 165.80 

TOTAL PROJECTED DOLLAR SAVINGS 
DOCUMENTED BY AUDIT 

9. Indoor Roll-up Shades 4 39 .01 156.04 

10. Roman Shades 4 14.38 57.52 

11. Draperies 1 28.44 28.44 

12. Awnings 2 21.53 21.53 

13. Solar Control Film 3 14.68 14 .68 

14. Repaired Hot Water 
Faucets 2 36 .67 36.67 

TOTAL PROJECTED DOLLAR SAVINGS 
DOCUMENTED BY HAND CALCULATIONS 

TOTAL PROJECTED SAVINGS 
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Total 
Projected 

Dollar 
Savings 

$6 ,945. 72 

402 .44 

$7,348.16 
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3. 

4. 
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TABLE XIV 

FIRST YEAR COSTS FOR ENERGY CONSERVATION PRACTICES ADOPTED 
BY SELECTED HOUSEHOLDS IN SOUTHEASTERN OKLAHOMA 

Item 

Energy Project 
Personnel 
Travel 
Educational Materials 
Supplies 
Other Direct Costs 

TOTAL 

Households Supplies 

Subsidy 
Government 
Utility 
Business 
Civic 
Family 
Religious 
Other 

Opportunity 
Household Time for Educational Message (996 hrs total) 
Household Time to Implement Practice (364 hrs total) 
Subsidy Time 

Government (262 hrs total) 
Utility 
Business (5 hrs total) 
Civic 
Family 
Religious 
Other (65 hrs total) 

TOTAL COST 

Costs 

$12,094.76 
1,650.04 

483.06 
51.46 

350.26 

$14,629.58 

7,008.50 

5,330.00 
-0-
-0-
-0-

1,215.00 
-0-
-0-

2,689.20 
982.80 

1,399.08 
-0-
26. 70 
-0-

183.60 
-0-

347 .10 

$33,811.56 
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Benefits 

The primary economic benefit of adopting energy conservation 

practices comes from reduced household energy use. Data from the 

computerized energy audit were merged with data collected on the 

Energy Education for Oklahoma Families survey form to determine the 

economic impact of the significant number of energy conservation 

practices adopted by participant households as reported in Chapter IV. 

Computerized energy audit output projected yearly dollar savings for 

various conservation practices based on the thermal characteristics of 

each participant's house and prevailing energy prices. The Energy 

Education for Oklahoma Families survey form documented actual 

practices adopted by participant households. When these data were 

merged, projected yearly dollar savings for a specific practice were 

matched with unly those households adopting the practice. 

Projected first year dollar savings were found for eight energy 

conservation practices in Table XIII, (items 1 through 8). Table XIII 

records the number of households that adopted the practice and the 

average first year projected dollar savings for each practice. A 

total of 125 participant households made one or more energy 

conservation changes which could be credited with projected dollar 

savings by using the computerized energy audit. These changes 

resulted in an average projected first year dollar savings of $55.56 

per household. Total projected dollar savings for all participant 

households documented by the computerized energy audit were $6,945.72. 

In addition to projected dollar savings using the computerized 

energy audit, hand calculations, described in Chapter III, were done 
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to determine the dollar savings associated with energy conservation 

practices nine through fourteen as shown in Table XIII. These 

practices were adopted by participant households but not included in 

the computerized audit methodology. 

Thirty-five participant households made additional changes in an 

attempt to reduce household energy use and increase comfort. Due to 

the thermal characteristics of the house, the type of equipment used 

in the household, how the adopted practice interfaced with other 

practices adopted, and/or how the practice was documented, dollar 

savings could be projected for only 16 of the 35 households making 

changes. For example, 12 participant households added ceiling fans, a 

practice which has potential for reducing energy required to cool the 

house by reducing the use of the existing air conditioning system. 

However, these 12 households either did not have an air conditioning 

system before adding the cei 1 ing fan or did not indicate that the 

thermostat setting on the existing air conditioning system was 

adjusted upward. Dollar savings for adding the 12 ceiling fans 

could not be projected due to lack of adequate data documentation. 

Another eight households added landscaping during the study period. 

Due to difficulty in determining when this landscaping would impact 

household energy use, these changes were not included in the projected 

first year dollar savings. 

It is believed that although the present researcher did not 

assign monetary value to some adopted energy conser:-vation practices, 

the practices did or will increase household comfort for participant 

households. This was one of the Energy Education for Limited Resource 

Oklahomans project objectives. When participant households were 
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surveyed at the end of the project to determine their reasons for 

making changes, the households cited the reason of increased comfort 

more than saving money. 

Six types of energy conservation practices (Table XIII, items 9 

through 14) adopted by 16 households were included in projections of 

economic benefit. The conservation practices included increasing the 

thermal efficiency of windows by covering or shading them to reduce 

winter heat loss and/or summer heat gain, and repairing leaking hot 

water faucets. Table XIII documents the number of participant 

households adopting each practice and the average projected dollar 

saving for each adopted practice. The total first year projected 

savings for these practices (items 9 through 14) were $402.40. 

Tab 1 e XI I I a 1 so reports the total projected first year dollar 

savings for all energy conservation practices adopted by participant 

households. When savings projected by the computerized energy audit 

were added to savings from conservation practices not included in the 

audit, the total projected first year dollar savings were $7,348.16. 

This dollar amount was used as the benefit figure for benefit-cost 

ana 1 ys is. 

Costs 

Costs associated with the adoption of energy conservation 

practices by selected limited resource households in southeastern 

Oklahoma include: (1) direct costs of implementing the Energy 

Education for Limited Resource Oklahomans project, (2) the cost of 

materials and supplies used and paid for by participant households to 
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· implement energy conservation practices, (3) the opportunity costs 

associated with adopting energy conservation practices, and (4) the 

cost of materials and supplies provided as subsidies to assist 

participant households in implementing energy conservation practices. 

For the purposes of this study, opportunity costs include time spent 

by participant households to receive the educational message provided 

by paraprofessional energy educators, time spent by participant 

households to implement energy conservation practices, and time spent 

by individuals outside participant households to assist these 

households in implementing energy conservation practices. Monetary 

values were determined for each cost category. These values are 

reported in Table XIII. 

Direct Costs 

Costs associated with implementing the Energy Education for 

Limited Resource Oklahomans project were determined by analyzing 

accounting records kept for the project. All direct costs incurred as 

a result of delivering energy education to the 166 households 

composing the study sample were documented and included in the 

benefit-cost analysis. 

A tot a 1 of 558 households were reached during two project phases 

in Choctaw and Pushmataha Counties. As shown in Table XIV, total 

expenses for delivering the energy education portion of the project 

were determined to be $49, 173.41. The per household figure for 

delivering energy education during the project was $88.13. This 

average cost per household was then used to determine the total cost 

of delivering energy education to the 166 households composing the 
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study sample. Again, as concluded in Chapter IV, the adoption rate 

for the study sample is not substantially different than the adoption 

rate for the total group. Thus, this average cost approach for 

assigning cost is appropriate for benefit-cost analysis. 

Project expenses were categorized into five areas which included 

personnel, travel, educational materials, supplies and other direct 

costs. Personnel included the salary and wages of the project 

coordinator, paraprofessional energy educators, and a secretary who 

assisted in reporting and accounting for the project. Travel 

associated with the project included travel expenses for the project 

site coordinator, paraprofessional energy educators, and county 

professional staff who traveled on project related business. 

Educational materials included the costs of energy education kits used 

to demonstrate energy conservation concepts and procedures, printed 

material used as handouts and references for energy educators and 

demonstration materials used to teach energy conservation techniques 

and procedures. 

The total direct cost to deliver the energy education project to 

166 participant households was $14,629.58 as shown in Table XV. The 

largest cost item was personnel. This is not surprising since the 

project focused on individual and small group delivery. Such a 

delivery system is very personnel intensive. The second largest cost 

item was travel. Again, high travel costs are understandable since 

paraprofessional educators were to seek households having the greatest 

need, and those households that did not tend to receive energy 

education from traditional sources. 
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TABLE XV 

DELIVERY OF EDUCATION PORTION OF ENERGY EDUCATION FOR LIMITED 
RESOURCE OKLAHOMANS, MAY 1982-May 1983 

DIRECT COST SUMMARY 

Cost Per Cost For 
Phase I Phase II Total Client Sample 

N=558 N=166 

Personnel $20,596.41 $20,056.68 $40,653.09 $72.86 $12,094.76 

Travel 2,466.01 3,079.08 5,545.09 9.94 1,650.04 

Educational 
Materials 1,484.65 137.28 1,621.93 2.91 483.06 

Office Supplies 117. 37 56.73 174.10 . 31 51.46 

Other Direct 521. 97 657.23 1,179.20 2.11 350.26 

TOTALS $25,186.41 $23,987.00 $49,173.41 $88.13 $14,629.58 
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Educational supplies were the third largest cost item. The 

largest portion of this amount was spent to construct demonstration 

kits to assist paraprofessional educators in delivering the 

educational message. Energy education demonstration kits were hand 

constructed at a total cost of $250 each. The useful life of each kit 

was determined to be five years. An annual cost of $50 per kit was 

ass i g n e d as the cost of each. of s i x k i ts used by the 

paraprofessionals. 

Other direct expenses which included telephone, duplicating 

costs, paid advertising, photo processing, audio-visual equipment 

rental, meeting room rental and other miscellaneous expenses was the 

fourth largest cost. Office supplies composed the smallest portion of 

the total cost of implementing the project. 

Participant Costs to Implement Practices 

Participant households that adopted energy conservation practices 

spent a total of $7,008.50 to implement these practices. These 

expenditures were reported by participant households and documented on 

the Energy Education for Oklahoma Families survey form (Appendix A). 

The magnitude of the resources committed by participant households to 

implement conservation practices is an important finding in light of 

the statements made by the Consumer Federation of America (USOTA, Vol. 

I I , 19 7 9 ) , that 1 i mi t e d resource house ho 1 ds were unab 1 e to he 1 p 

themselves due to monetary resource constraints. This finding 

strongly suggests that limited resource households will use some of 

their limited monetary resources for energy conservation practices if 

they are educated and motivated to do so. 
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Opportunity Costs 

Another cost associated with household participation in the 

energy education project was the time the participants spent receiving 

the energy education message. Each paraprofessional energy educator 

kept records on _the amount of time spent with each participant 

household. The educator spent an average of six hours delivering the 

energy education message during approximately three visits to the 

household. This time, which is an opportunity cost to the households, 

was valued at $2. 70 an hour, thus the total cost to participant 

households to receive the educational message was $2,689.20. The 

hourly rate used to determine this cost was based on a weighted hourly 

rate for the income reported on the Energy Education for Oklahomans 

survey form. This figure is consistent with 1982 per capita income 

reported for Choctaw and Pushmataha Counties by the Center for 

Economic and Management Research (1982). The per capita income for 

Choctaw County was $5,774 per year which would be an average hourly 

wage rate of $2.89. Pushmataha County had a per capita income of 

$4,658 which was a wage rate of $2.33 per hour. 

Participant households also spent time implementing energy 

conservation practices. According to data reported by participant 

households, the participants spent a total of 364 hours implementing 

conservation practices. These hours were treated as opportunity costs 

for the households and valued at $2.70 per hour. The total value of 

household time spent to implement conservation practices was $982.80 

as shown in Table XIV. 
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Subsidies 

Participant households received assistance or subsidies from 

sources outside the household to implement energy conservation 

practices. The types of subsidy included money, services and goods. 

Direct monetary subsidies and the value of goods were valued according 

to current market prices and the value reported by participant 

households. Time spent by outside sources to provide services to 

participant households was treated as an opportunity cost. It was 

valued according to the prevailing hourly wage rate in the area to 

determine the monetary value of time and services offered to implement 

energy conservation practices. 

Government sources provided monetary resources and goods valued 

at $5,330, as wel 1 as 262 hours of time to support participant 

households in the energy management efforts. Subsidy hours from 

government sources were valued at the average hourly wage rate 

prevai 1 ing in the area at the time of the study (Oklahoma Employment 

Security Commission, 1983a), $5.34 per hour. Using this procedure, 

the value of hours provided by government sources was $1,399.08. This 

resulted in a total subsidy of $6,729.08 to participant households 

from government sources. 

Business sources provided five hours of time to implement energy 

conservation practices adopted by participant households. This time 

subsidy was valued at $5.34 per hour for a total cost of $26.70. 

Family members outside the participant households provided $1,215 

in money and goods to support energy conservation efforts of 

participant households. In addition, family members outside 
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participant households provided 68 hours to implement energy 

conservation practices. This subsidy time was valued at $2.70 per 

hour. which is consistent with the income of participant households. 

The total time provided by family members outside the participant 

household was valued at $183.60 for a total of $1,398.60 provided by 

family members. The amount is recorded as a cost on Table XIV. 

Miscellaneous subsidy sources provided 65 hours to support 

participant households. These hours were valued at the average hourly 

wage rate in the area of $5.34 per hour. The value of these hours was 

treated as an opportunity cost with a total value reported in Table 

XIV of $347.10. 

Table XIV reports total costs associated with the adoption of 

energy conservation practices by selected households in southeastern 

Oklahoma as $33,811.56. This cost figure was used in the benefit-cost 

analysis for the adoption of energy conservation practices by 166 

limited resource households. 

Difficulties of Assessing Economic Values 

Marginal costs associated with the adoption of energy 

conservation practices were well documented for the present study 

since the present researcher found it relatively easy to establish 

monetary values for these cost items. However, project benefits as 

presented in Chapter III, Table VII, were much more difficult to value 

in monetary terms. Benefits associated with energy savings were 

documented but due to inadequate data or lack of acceptable 

methodology for establishing the value of some energy conservation 

practices, several practices were not included in the estimates of 
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monetary benefits. The present researcher postulates that the 

projected value of reduced energy use resulting from the adoption of 

energy conservation practices is low. Several costs, however, which 

did not result in benefits which could be assigned economic value were 

included in the benefit-cost analysis. These costs included $1,567 of 

participant household funds and $100 in subsidized funds used to 

purchase ceiling fans. In addition, 8.5 household hours and 9 subsidy 

hours were included in cost figures. Unfortunately, ceiling fan 

installation could not be credited with any monetary benefits. 

Portable fans and attic fans costing participant households $172.50 

were included in costs with no monetary benefits assigned to these 

practices. Participant households spent 34.5 hours adding landscaping 

to their homes at a cost of $50.00. Again, ·these costs were included 

in the benefit-cost analysis with no corresponding benefit associated 

with the practice included in the analysis. 

Of greatest concern however, is the fact that several benefits 

that resulted from participant households adopting energy conservation 

practices were not valued in economic terms at all. These benefits, 

presented in Table XIII, did accrue to participant households and 

society, but adequate methodology was not available to assign monetary 

value to these benefits. The dilemma of the present study is 

consistent with Christensen and Pontius (1983) who suggested that the 

most difficult aspect of program evaluation is that of measuring the 

benefits from program efforts such as Cooperative Extension education 

efforts. 

Another problem area related to valuing benefits associated with 

the adoption of energy conservation practices is the lag concept. 
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Data were collected on energy conservation practices present in 

participant households from May 1982 to August 1982 with all follow-up 

data collected on changes made by participant households on or before 

May 1983. As Christensen and Pontius point out, knowledge gained from 

an educational program may not be put into action for months or years. 

If this is the case with the present study, several energy 

conservation practices with potential monetary benefits could have 

been adopted after the relatively short data collection period. 

·Long Term Benefits and Costs 

The long term benefits of the energy conservation practices 

studied are determined by the length of time they will be in place and 

effective in reducing residential energy use. Future residential 

energy prices will also determine the long term benefits of 

conservation practices adopted by participant households. Based on 

energy literature (U.S. Department of Energy, 1980) the present 

researcher makes the following assumptions concerning the length of 

time the 14 energy conservation practices will be effective in 

reducing energy use: 

Three Years: 

Plastic Storm Windows 

Plastic Storm Doors 

Five Years: 

Caulking and Weatherstripping 

Indoor Roll-up Shades 

Roman Shades 



Draperies 

Solar Control Film 

Repaired Hot Water Faucets 

Ten Years: 

Reduced Water Heater Temperature 

Changed Thermostat Setting 

Twenty Years: 

Ceiling Insulation 

Wall Insulation 

Duct Insulation 

Awnings 
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It is important to point out studies by W. J. Braun (1980) and Braun, 

W i 11 i ams and Lauener (1982) which concluded that energy education has 

a long term impact on knowledge, behavior and skills of participant 

households. These researchers concluded, based on studies conducted 

one to three years after the delivery of energy education, that 

limited resource households continue to use and expand energy 

conservation practices initially adopted. 

Residential energy costs affect the amount of economic benefit 

households receive from various energy conservation practices. If 

residential energy costs go down, benefits associated with 

conservation practices are reduced •. On the other hand, if residential 

energy costs increase from year to year, benefits will increase as 

well. Wharton Econometric Forecasting Associates (1984) project 

residential energy costs from 1984 through 1993. Table XVI reports 

the Wharton growth forecast for residential natural gas and 
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electricity prices and the Consumer Price Index for a ten year 

period (1983-1993). Residential energy prices must be considered ·in 

light of the general rate of inflation which is indicated by the 

Consumer Price Index (Wharton Econometric Forecasting Associati=s, 

1984, p. 7). The real rate of projected utility price change is the 

nominal rate minus the projected rate of inflation. The ten year 

average annual energy price change as projected by the Wharton 

forecast is 80 percent. This rate of price change was used for 

projected ut i 1 i ty price changes for the ten year period from 1993 to 

2002. 

According to projected utility costs calculated by the 

computerized energy audit, participant households spend approximately 

an equal number of dollars on electricity as on natural gas. Thus, it 

is assumed that changes in natural gas and electric prices impact 

participant households equally. For this reason, changes in natural 

gas prices and changes in electricity prices were ~veighted equally to 

determine the average change in utility prices (Table XVI). 

Table XVII reports the projected stream of benefits and costs 

associated with energy conservation practices adopted by selected 

1 imited resource households in southeastern Oklahoma. These benefits 

and costs are adjusted to reflect only those practices in effect at a 

given point in time and to reflect changes in real utility prices. 

Benefits and costs were discounted at two rates, four percent and six 

percent to determine the present value of benefits for a 20 year 

period from 1983 to 2002. 
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TABLE XVI 

GROWTH FORECAST FOR RESIDENTIAL ENERGY PRICES 

Natural Gas Electricity Average Real 
% Increase % Increase Energy Price 

Year CPI Nominal Real Nominal Real Change 

1984 4.6 3.0 -1. 6 6.5 1. 9 0.15 

1985 5.6 12.6 6.0 6.3 0.7 3.35 

1986 5.9 9.0 3.1 4.8 -1.1 1.00 

1987 6.3 8.9 2.6 5.7 -0.6 1. 00 

1988 5.7 7.5 1.8 5.2 -0.5 0.65 

1989 6.0 7.5 1. 5 4.8 -1. 2 0.15 

1990 4.9 7.3 2.4 3.8 -1.1 0.65 

1991 6.0 7.3 1.3 5.1 -0.9 0.20 

1992 5.5 7.4 1. 9 4.5 -1.0 0.45 

1993 5.5 7.5 2.0 4.3 -1.2 0.40 

Relationship of Benefits to Costs from 

Various Perspectives 

A variety of individuals and groups contributed to attaining 

benefits reported in this study. Among these are the funding agency 

which supported the Energy Education for Limited Resource Oklahomans, 

the Oklahoma Cooperative Extension Service, individuals, agencies, and 

groups outside participant households contributing to participant 



TABLE XVII 

STREAM OF BENEFITS AND COSTS FOR ENERGY CONSERVATION PRACTICES 

Year Undiscounted 

1982-3 $ 7 ,356 .15 
1984 7,359.19 
1985 7,605.72 
1986 6,691.12 
1987 6,758.04 
1988 5,934.17 
1989 5,943.05 
1990 5,981.70 
1991 5,993.68 
1992 6,020.63 
1993 1,692. 93 
1994 1, 706 ,48 
1995 1,720.12 
1996 1,733.90 
1997 1,747.76 
1998 1, 761. 75 
1999 1, 775 .85 
2000 1,790.05 
2001 1,804.40 
2002 1,818. 80 

TOTAL $83, 195 .49 

Benefits - -
Discounted 

@ 4% 

*$ 7,356.15 
7 ,076 .14 
7,031.90 
5,948.40 
5,776.78 
4 ,877 .45 
4,696.89 
4,545.59 
4,379.51 
4,230.01 
1,143.68 
1,108.50 
1,074.39 
1,041.33 
1,009.29 

978.23 
948.14 
918.95 
890.68 
863.28 

$65,895.29 

Discounted 
@ 6% 

*$ 7 ,356 .15 
6,942.62 
6,769.05 
5,617.99 
5,353.00 
4,434.36 
4,189.63 
3,978.17 
3,760.50 
3,563.60 

945.33 
898.95 
854.85 
812.91 
773 .03 
735 .12 
699.06 
664.75 
632 .16 
601.13 

$59,582.36 

*First year benefits and costs were not discounted. 

Undiscounted 

$33 ,811. 56 
321.96 
339.99 
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-

$34,473.51 

- - Costs - - -
Discounted 

@ 4% 

*$33,811.56 
309 .08 
326.39 
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-

$34 ,447 .03 

Discounted 
@ 6% 

*$33, 811. 56 
302.64 
319.59 
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-
-0-

$34 ,433. 79 

...... 
u, 
m 
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household energy conservation efforts, and, most important, the 

participant households that adopted energy conservation practices. 

Each of these individuals and groups might view benefits and costs 

associated with the adoption of energy conservation practices by 

participant households a little differently. 

Table XVIII reports calculated net present values for the 

benefits and costs associated with the adoption of energy conservation 

practices by selected households in southeastern Oklahoma. Net 

present values were calculated using undiscounted benefits and costs 

(interest rate equal to zero percent) as well as benefits and costs 

discounted at four percent and six percent. All net present value 

calculations yielded positive net present values and benefit-cost 

ratios greater than 1. 

From the perspective of society in general the net present value 

was $48,721.98 while the value for benefits and costs discounted at 

four percent was $31,448.26 and $25,148.57. This finding is very 

impressive given the first year cost of $33,811.56 for implementing 

energy conservation practices. This first year cost was the primary 

cost of implementing energy conservation practices with minimal cost 

occurring after the initial first year cost. Given these findings, 

the adoption of self-help energy conservation practices by limited 

resource households yields a net benefit to society. 

Benefit-cost ratios for benefits and costs to society associated 

with adoption of energy conservation practices are also reported in 

Table XVIII. The benefit-cost ratio values for benefits and costs to 

society is 2.41 while the ratio value for benefits and costs 

discounted at four percent is 1.91 and for benefits and costs 
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discounted by six percent the ratio value is 1.73. These ratios 

indicate the importance of the discount rate selected for benefit-cost 

analysis. In all cases, as the discount rate increases,. the 

benefit-cost ratio value decreases. However, even when the real 

discount rate of six percent is used, the ratio indicating the 

relationship of benefits to costs is very favorable. Clearly, 

benefits to society for adopting self-help energy conservation 

practices by limited income households are greater than the costs 

associated with the adoption of energy conservation practices. 

TABLE XVIII 

RELATIONSHIP OF BENEFITS TO COSTS FOR ADOPTING 
ENERGY CONSERVATION PRACTICES 

Perspective Undiscounted Discounted 
@ 4% 

Society 
Net Present Value $48, 721. 98 $31,448.26 
Benefit-Cost Ratio 2.41 : 1. 00 1. 91 : 1.00 

Oklahoma Corporation Commission 
Net Present Value $68,565.91 $51, 265. 71 
Benefit-Cost Ratio 5.69 : 1.00 4.50 : 1.00 

Participant Households 
Net Present Value $71,853.04 $54,579.32 
Benefit-Cost Ratio 7.33 : 1.00 5.82 : 1.00 

Discounted 
@ 6% 

$25,148.57 
1. 73 : 1.00 

$44,952.78 
4.07 : 1.00 

$48,279.63 
5.27 : 1.00 
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The Oklahoma Corporation ·commission, through Energy Extension 

Service and State Energy Conservation Plan funds, supported a project 

designed to educate and motivate 1 imited resource households to adopt 

energy conservation practices. Support of such projects implements 

the Commission's goal of reduced energy use in the residential sector 

and improved efficiency of energy use. This agency is particular,-y 

interested in the return on their investment of $14,629.50 that 

contributed to the energy education of 166 households. All costs to 

the funding agency were incurred the first year of the project. Net 

present value and benefit-cost ratios calculated on only funding 

agency costs, provides the funding agency an indication of the value 

of their investment in educating limited resource households to reduce 

residential energy consumption (Table XVIII). Net present value on 

undiscounted benefits is $68,565.91 and $51,265.71 on benefits 

discounted at four percent. The net present value on benefits 

discounted at six percent is $44,952.78. Benefit-cost ratio values 

calculated using only funding agency costs result in an undiscounted 

value of 5.69 and a value of 4.50 when discounted at four percent. 

Discounting benefits at six percent yields a benefit-cost ratio value 

of 4.07. All of these calculations reveal a substantial return on the 

Oklahoma Corporation Commission's investment in the Energy Education 

for Limited Resource Oklahomans project. 

One of the key motivations for individual households to adopt 

energy conservation practices is the possibility of a net positive 

economic benefit. If benefits of adopting energy conservation 

practices are analyzed using only costs incurred by the households 

adopting the practice, this gives the household some indication of the 
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return on the private household dollars invested in energy 

conservation efforts. For the present study, the 166 households 

invested $7,008.50 in supplies, and invested a total of 1,360 hours 

valued at $3,672 to learn how to implement energy conservation 

practices in their households the first year. Additional time was 

needed to reapply plastic storm windows and doors the second and third 

year. This resulted in total undiscounted costs to participant 

households of $11,342.45. If total household costs are discounted at 

four percent the household cost is $11,315.97, and if discounted at 

six percent, the household cost is $11,302.73. If only the investment 

of participant households is considered in calculating net present 

value and benefit-cost ratios, this will give individual households an 

indication of the return on their investment. When this private 

household investment is analyzed in relation to benefits, the 

undiscounted net present value is $71,853 • .04. When net present value 

of the private household investment is discounted at four percent the 

value is $54,579.32 and when discounted at six percent the net present 

value is $48,279.63. Benefit-cost ratios calculated at undiscounted 

rates, a four percent discount rate and a six percent discount rate 

results in the following values respectively: 7.33, 5.82, and 5.27 

for resources invested by participant households to adopt energy 

conservation practices. This finding clearly indicates a substantial 

economic benefit to participant households for investing some of their 

limited resources in energy conservation efforts. 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

This research was designed to analyze the impact of self-help 

changes made by limited resource households in their efforts to reduce 

household energy use and increase household comfort. Limited resource 

households include low-income, elderly, handicapped, and/or isolated 

households. The study focused on the impact that self-help efforts 

have on the energy use of private households and further, the 

potential impact that self-help efforts have on society. It was 

assumed that an aggregate of conditions, including an educational 

project conducted by Oklahoma State University Home Economics 

Cooperative Extension from May 1982 to May 1983 contributed to the 

households' decisions to adopt energy conservation practices. 

Research focused on· the economic benefits and costs related to 

the adoption of energy conservation practices by limited resource 

households in southeastern Oklahoma. Further the relationships of 

benefits and costs of adopting energy.conservation practices were 

evaluated to determine policy implications. 

Data for the study were collected as part of the Energy Education 

for Limited Resource Oklahomans project. The Oklahoma Corporation 

Commission provided the funds for the project. The purpose of the 

project was to implement a program to deliver energy management 

information to Oklahomans with limited resources and in addition to 
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help these households increase their comfort, decrease their energy 

losses and control their utility costs. Paraprofessional energy 

educators under the direction of a site coordinator and the leadership 

of county and state Cooperative Extension professionals, delivered the 

energy education message to limited resource households. Small group 

and individualized in-home delivery methods were used to reach and 

teach the target group. The project emphasized inexpensive, home 

produced, easy-to-install methods of energy conservation designed to 

reduce heat gain in the summer and heat loss in the winter. 

The project reached and taught individuals in 558 households in 

Choctaw and Pushmataha counties in Oklahoma. Of the households 

reached, 166 were reached during both the summer and winter project 

phases and had computerized energy audits performed on their houses. 

These 166 households formed the sample for the present study. The 

study sample was similar to the total group in terms of demographic 

characteristics and energy conservation adoption patterns and rates. 

On or near the first visit with the households, the 

paraprofessional collected data to determine household characteristics 

and hous·ing conditions. After the summer project phase and at the end 

of the winter project phase, paraprofessionals determined which 

practices and the number of practices adopted by participant 

households. In addition, data were collected to determine 1vhy 

households did or did not adopt energy conservation practices, if they 

planned energy conservation projects in the future, and who influenced 

their decisions to adopt. Computerized energy audits were used to 

document the thermal conditions of participant houses at the beginning 

of the project and to project dollar savings if various energy 

conservation practices were adopted. 
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Principle Findings 

A review of the demographic characteristics of participant 

households revealed that all participant households fell within the 

definition of limited resource households. Participant households 

tended to be low income; many were elderly and were located in rural, 

relatively isolated counties in southeastern Oklahoma. This review 

led to the conclusion that the Energy Education for Limited Resource 

Oklahomans project reached the appropriate target group. 

Data were further reviewed from two major analytical 

perspectives: extent of adoption, and economic consequences of 

adopting energy conservation practices by the 166 participant 

households. Analysis of variance procedures and paired t tests were 

run to deter mi n e if s i g n i f i cant differences existed betv,een the 

average number of conservation practices present in participant 

households at the beginning of the project, at the end of the summer 

phase of the project, and at the end of the winter project phase. 

The analysis of variance indicated significant difference at the 

.0001 level. This finding indicated that significant mean difference 

existed between the average number of energy conservation practices 

present at each data collection point. Paired t tests completed on 

the mean number of practices present at each of the three data 

collection points, indicated that all means were significantly 

different at the .0001. level. This finding indicated that significant 

difference existed between the number of energy conservation practices 

present at the beginning of the project and the number of practices 

adopted by participant households during the summer phase of the 



164 

project. Significant difference also existed between the number of 

energy conservation practices adopted during the summer project phase 

and the number of energy conservation practices adopted during the 

winter project phase. Further, significant difference existed between 

the number of conservation practices present at the beginning of the 

project and the number of practices adopted during the winter phase of 

the project.· These empirical findings support the conclusion that 

participant households made significant housing and behavioral changes 

in an effort to redu~e residential energy use. This finding 

demonstrates that limited resource households, given adequate 

information and _motivation, will adopt self-help energy management 

strategies. 

The significant amount of change documented by this empirical 

analysis was carefully considered in light of events and conditions 

existing during the study period. The impact of the energy education 

project, changes in utility prices, changes in household income, and 

the influence of other educational efforts existing during the study 

period were reviewed. 

Natural gas and electricity prices increased somewhat during the 

study period. A comparison of the changes in winter rates for natural 

gas and the changes in summer rates for electricity, yielded price 

changes in the range of five to ten percent. This change, coupled 

w i th re 1 at iv e 1 y pr i c e - i n e 1 as ti c demand v a 1 u es , imp 1 i ed a sma 11 

influence from changes in util_ity rates during the study period 

Virtually no change in real income occurred for participant households 

during the study period. Thus, changes in household income were 

disregarded as a viable source of motivation for energy conservation 
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practices adopted by participant households. Educational efforts 

other than the Energy Education for Limited Resource Oklahomans 

project, co~ducted during the stud:Y period, were very low key and 

focused at the household's awareness level. These educational efforts 

may have resulted in some increased knowledge of participant 

households but probably did little to motivate change. Thus, although 

variables other than the Energy Education for Limited Resource 

Oklahomans project may have impacted adoption somewhat, the results of 

this study indicate that this educational project contributed 

substantially to the adoption of energy conservation practices by 

limited resource households in southeastern Oklahoma. 

Energy conservation practices adopted by limited resource 

households were analyzed in a benefit-cost formula to assess the 

economic returns of self-help approaches used to help limited resource 

households cope with energy problems. The Energy Education for 

Limited Resource Oklahomans project was ~onsidered a motivating force 

in influencing the target group to adopt energy conservation 

practices. The benefit-cost analysis was designed to provide both 

private and public decisionmakers with information regarding the value 

of residential energy education for limited resource households. The 

question posed was, "Are participant households and is society in 

general better off as a result of the energy conservation practices 

adopted by selected households in southeastern Oklahoma?" This study 

indicates that, 11yes 11 , participant households as well as society are 

better off as a result of limited resource households adopting energy 

conservation practices. Further, benefit-cost analysis provided 

valuable information to the agency funding the Energy Education for 
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Limited Resource Ok 1 ahomans project to help the agency determine if 

public funds invested in the project were invested properly. 

Benefit-cost analysis was performed on all costs associated with 

implementing energy conservation practices, including the cost of 

providing the educational project; money and time invested by 

participant households; and money, goods, services and time provided 

by subsidy sources. The resulting net present value for undiscounted 

costs and benefits was $48,721.98. Net present value resulting when 

benefits and costs were discounted at four percent was $31,448.26 and 

$25,148.57 when discounted at six percent. Further, benefit-cost 

ratio values were 2.41, 1.91, and 1.73 when calculated at undiscounted 

rates, at four percent, and six percent respectively. These findings 

indicate a substantial net positive benefit to society resulting from 

energy conservation practices adopted by limited resource households. 

Further analysis of costs and benefits indicate substantial 

return to limited resource households for their investment of time, 

money, and effort into energy conservation practices. Benefit-cost 

ratios calculated at undiscounted, a four percent discount rate and a 

six percent discount rate resulted in the following ratio values 

respectively: 7.33, 5.82, and 5.27. This is a substantial net 

positive benefit to the household. This finding suggests substantial 

returns to 1 imi ted resource households for investing some of their 

resources in energy conservation practices. 

When only the direct costs incurred by the Corporation Commission 

for funding the Energy Education for Limited Resource Oklahomans 

project were analyzed in relation to benefits, the analysis yielded 

net present values of $68,565.91 (undiscounted), $51,265.71 
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(discounted four percent) and $44,952.78 (discounted six percent). 

Further, benefit-cost ratios based only on funding agency direct costs 

resulted in an undiscounted value of 5.69 and a value of 3.50 when 

discounted four percent. Discounting benefits at six percent resulted 

in a benefit-cost ratio value of 3.07. 

Clearly, based on the results of benefit-cost analysis, this 

researcher concludes that society, participant households and the 

agency funding the energy education project accrued significant 

economic benefits. These findings demonstrate the potential economic 

benefit of energy education for limited resource households. 

Recommendations 

Suggested recommendations are based on the results of this 

research project. The recommendations are presented in three 

categories: (1) recommendations related to the development, 

implementation and evaluation of an energy education project designed 

to meet the unique needs of limited resource households; (2) 

recommendations regarding energy policy formation; (3) recommendations 

for future research. 

Program Related Recommendations 

1. In an effort to reduce project delivery costs, this 

researcher suggests linking the educational component of 

an energy education project with other agencies and 

groups offering energy related services. For example, 

r a t h e r t h a n h a v i n g p a r a p r of es s i on a l en er gy educ at or s 

complete computeTized energy audits, the energy 



educators could work with utility companies to complete 

audits on participant households. This strategy would 

reduce costs of delivering the educational message, 

assist utility companies in reaching clientele they have 

difficulty in reaching with the audit, increase the 

participant households' awareness of services provided 

by other community agencies and groups, as well as 

increase the kn owl edge of ut i 1 ity company personnel 

regarding the unique needs of limited resource 

clientele. Another possible linkage is with civic, 

religious, and service groups. These volunteer groups 

could be used to multiply efforts of energy project 

staff. Such groups could provide a variety of support 

services including: conducting public meetings, 

displays, demonstrations, and assisting participant 

households in implementing conservation practices. 

2. Another recommendation is to improve the data collection 

system to include additional checks on accuracy and 

consistency of data collection procedures. Survey 

instruments were consistently checked by the project 

site coordinator, however, several potential economic 

benefits could not be claimed by this study due to 

missing data and/or data incorrectly reported. 

Additional data control procedures would substantially 

increase the accuracy of the project's accountability. 

3. A further recommendation is to revise the project 

accounting procedures to more readily reflect costs 

incurred by a specific site. When benefit-cost 
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procedures were completed on project related costs, it 

was sometimes difficult to separate costs specifically 

related to the educational delivery on site and other 

project related costs. This revision is particularly 

important as the project expands to include multiple 

sites. 

4. The project staff should develop and distribute a 

procedures manual to assist agencies and groups wishing 

to implement energy education programs for limited 

resource households. This manual would incorporate 

knowledge gained regarding the development, 

implementation and evaluation of energy education 

efforts designed to reach and teach the hard to reach 

limited resource population. 

5. This researcher recommends that training and evaluation 

materials developed as a result of the Energy Education 

for L i m i t e d R e s o u r c e O k l a h om a n s p r o j e c t and other 

simi 1 ar projects conducted by Oklahoma State University 

Home Economics Cooperative Extension be packaged into 

self-contained units. Thus, these materials could be 

used by other agencies and groups wishing to implement 

energy education pro gr ams targeted at a 1 imited resource 

audience. 

Policy Recommendations 

1. The researcher recommends that policymakers consider 

energy education, along with monetary subsidies and 
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weatherization, as a viable approach to helping limited 

resource households cope vlith residential energy price 

increases. This means that energy education would 

receive funding suppott comparable to the levels of 

support for weatherization and monetary subsidies. 

2. Energy program planners and researchers should perform 

benefit-cost analysis on energy education projects to 

increase the knowledge base necessary to support policy 

decisions at local, state, and federal levels regarding 

the role of education in assisting limited resource 

households to cope with energy related problems. 

3. Energy program planners and researchers should perform 

benefit-cost analysis on other programs such as 

weatherization and monetary assistance programs to· 

determine the relationship of benefits to costs thus 

providing a knowledge base for future policy decisions 

regarding energy assistance programs. 

Future Research Recommendations 

1. Future researchers could refine the research design used 

for the present study to include a control for 

intervening variables such as utility rate changes, 

changes in household income, changes in household 

composition, and other educational programs being 

conducted simultaneously with the educational effort 

being studied. This would provide a clearer link 

between energy conservation changes made and the 
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independent variable under study, in this case the 

energy education project. The research design could be 

further refined to include random selection of 

participant households ai'id a control group. Again, 

these design refinements would help establish a stronger 

1 ink between changes made by households in the study 

sample and the educational project. 

2. Future research needs to quantify benefits related to 

the adoption of energy conservation practices. Several 

benefits related to adopting energy conservation 

practices for the present study were not quantified in 

monetary terms due to the lack of sound methodology to 

assign dollar values to these benefits. If an accurate 

benefit-cost relationship is to be determined, 

researchers should attempt to quantify all benefits 

related to the adopting of energy conservation 

practices. For example, research is badly needed to 

determine the economic benefits associated with 

increased household comfort. Does increased comfort 

increase household productivity as well as improve the 

household environment from a health and social 

standpoint? These important research questions need to 

be explored. 

3. Researchers need to develop inferential research methods 

to assist in determining the impacts of energy education 

programs s imi 1 ar to the Energy Education for L irnited 

Resource Oklahomans project conducted in Choctaw and 
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Pushmataha Counties from May 1982 to May 1983. For 

example, over 6,000 households have been reached by 

similar projects conducted throughout Oklahoma since 

1977. How can the economic impact of these educational 

efforts be assessed? Further, how can future energy 

education projects modeled after the energy education 

project conducted in southeastern Oklahoma be evaluated 

in terms of their economic impact using the most 

efficient research design and data collection 

techniques? These research questions are important from 

a policy standpoint since the educational project impact 

must be accurately determined with the least amount of 

project funds devoted to the effort. The bulk of 

project funds should go to serving the target 

population. Resource efficient techniques of impact 

assessment must be developed to reach this program 

objective. 

4. Researchers need to determine how the lag effect relates 

to the period of time for adoption of practices 

suggested by an educational program such as the Energy 

Education for Limited Resource Oklahomans project. This 

would require that adoption data be collected on 

participant households on a long term basis. 

5. Future projects should collect actual utility data on 

participant households to relate actual utility use 

patterns to energy savings projected by the computerized 

energy audit methodology. Researchers and policymakers 
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need to study the feasibility of formally linking 

subsidy and weatherization programs with an educational 

component to increase the impact of all of these program 

efforts. 
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Energy Education For Oklahoma· Families 
Forms Booklet 
Oklahoma State University 

Cooperative Extension Service and 

Oklahoma Corporation Commission 

ID Number ___ _ 
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Name~~~~~~~~~-~~~ 



ID Number -- . rD~t~-- ·-- -IAidg Nome 

_______ L______ -------------
HOUSEHOLD AND HOUSING lt-lFORMATION 

INSTRUCTIONS: Ask the following qllestions ond put on "X" in the space 
that matches the answer. 

I. INFORMATION f'.BOUT OCCUPANTS 

1. What is the sex of the household hcod? 
__ l. Mole head, female present 
__ 2. Female head, mole present 
___ 3 Male and female ca-heads 
__ 4 Mole head, no female present 
___ 5. Female head, no male present 

2. In whet yeClr was the head of household born? 
year age 

3. How niony years of schooling did the heed of household complete?_ 

What is the highest grade or degree completed by the head of 

household? ------

4. How many people are living in this house?----
# people 

5. What is your family's monthly household income?----­
monthly 

6. How many children are living in this house?------

SEX AGE 
Example _M_ _3_ 

SEX AGE 

II. INFORMATION ABOUT THE HOUSE 

7. In which type of hoi..se do you live? 
__ l. Single family 
__ 2. Duplex 

__ 3. Apartment 
___ 4. Mobile home 

# children 

years 

-5. Other (specify)----------------

8. Do you rent or own your home? 
__ 1. Rent 

--2. Own 
-3. Live rent free 

9. Da you pay any port of your utility bill (electric, water, gos)? 
__ l:AII 

--2. Port 
__ 3_ None 

Respondent 

Cord No. 

District 

County 

City 

Aide 

186 

___ ,.4 

Q! 5-6 

_7 

_s 

_9 

_JO 

_ll 

--12-13 

__14-15 

--16-17 

- -- - _JS-21 

- --22-23 

--24 __ 25-26 
_27 - --28-29 _30 __ 31-32 
_33 - _34.35 _36 __ 37-38 

-39 

_40 

_41 



Should Complete On First Visit To Home 

-')·N;,,;,b~,-----1-0~;-----···-r_id_e_-N_·_a_m_-;_--_-_-~~:_-_-_-_-_-_-_-_-_ 

BEGINNING HOUSING CONDITION 

INSTRUCTIONS 

Survey the house and record whether or not the following items are present. 

Items 

I. Ceiling insulatior, 
if yes, record R-Valare ----

2. Wall insulation 
if )'L'S, record R-Vc1lue -----

3. Floer insulation 
i/ r,·.,, record R-Valire -----

4. Caulking ond/or weatherstripping 
check the condition thot best 
describP.s the house now 

__ Good Condition - Tight fitting 
windows end doors, caulked 
and weatherstripped. 

-- Fair Condition - Average fit, 
partially caulked and 
weatherstripped. 

__ Poor Condition - No caulking 
or weatherstripping. 

5. Duct insulation 
if :res, C"hed: below 

_1 inch 

_2 inch 

6. Storm doors 

7. Storm windows 

8. Indoor ·,all-up shades 

9. Romon shades 

10. Draperies 

Drapery liners 

12. Window inserts 

13. Venetian blinds 

if yes, indicate 

NA yes no >-,;q5TEfw 
I I ! •. 
I • 
! 

r---~--- ·. 

Respondent 

Cord No. 

-20 -21 

-25 -26 

_30 -31· 

-35 -36 

_40 _41 

_45 -46 

-50 -51 

-55 _56 

187 

----1-4· 

Qi 5-6 

_7 - _3.9 

_10 __ 11.12 

_JJ - _14-15 

_]6 _17 

_1s _19 

_22 -23 -24 

-27 -28 -29 

-32 -33 _34 

-37 -38 -39 

_,2 _43 -44 

_47 _48 _49 

-52 -53 -54 

-57 -58 -59 



--------· -·--·- -----------,--,--,.--,-·--------~ I if yes, indicate 

__________ l_ie_m_s _______ +NA yes no ---~=r S -- ---E - W. 

14. Outdoor_ roll-up shades 

15. Awnings 

16. Sun screen 

17. Solar control film 

18. Louvered visors ·for windows 

19. Louvered visors for doors 

20. Louvered visors for cooling units 

21. Landscaping - Deciduous trees 

22. Landscaping - Deciduous shrubs 

23. Landscaping - Evergreen trees 

24. Landscaping - Evergreen shrubs 

25. Winter thermostat setting 

record setting here ----

26. Summer thermostat setting 

record setting here----

27. Ceiling fan 1---4---1----1,'-------· ·-;-- - ··-- --

28. Portable fan 1---1--l--iL----· -··-- ----·. --

29. Whole house/attic fan 

30. Home heating system 

if -µa, check r,p, 

_ Natural gas - Central forced air 

_ Natural gas - Floor furnace or wall heater 

_ Propane - Central forced air 

_ Propane - Floor furnace or wall heater 

_ Electric resistance - Central farced air 

_ Electric resistance - Floor furnace ar wall heater 

_Heat pump 

_Wood heat 

_ Other (specify)--------------------
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Respondent ____ 1..;1 

Card No. §5-6 

_7 _8 _9 _10 _11 

_12 _13 _14 _15 -16 

_17 _18 _19 _20 -21 

-22 -23 -24 -25 -26 

-27 -28 -29 -30 _JI 

_32 -33 _34 _35 -36 

-37 _38 _39 _40 _41 

_42 _43 _44 _45 _46 

_47 _48 _49 _so -51 

_52 -53 _54 _55 -56 

-57 -58 -59 _60 _61 

_62 _ -63. 

_65 __ 66-67 

-68 

_69 

_70 

_71 

_72 



-----·------~·11--fif yes, ind~ 

lte_m_s ________ ,,_I N_A_tyes n~- :N,r.; ;E- _w I 

31. Home air conditioning system 
ii res, check !r"'\ -, •~•-·~ ' 

_ Central forced air system or 

_ Window unit, if yc11 indieate 

_ age of unit (years) and if 

_ cools whole house, if 1101 indiC"1Jtf: 

__ number of rooms cooled 

32. Leaky hot water faucets 

33. Insulated hot water pipes 

34 Insulated hot water tonk 

35. Hot water tonk 

if res, clu~ck the rnrr,rni remprralHrt sefline 

_ High = 14 I • • I 60" 

_Medium-121"-140" 

_ Low - 100" -120" 

.... J .. i 

Are any of the following conditions present in the house? (check NO if not 
present, MINOR or MAJOR if present) 

No Minor Major 

__ A. Leokis) in the roof 

___ B. Crock(s) (other tho~ hairline) in wells or ceilings 

C. Sog(s) or bulge(s) in walls or ceilings 

D. Peeling point on inside walls 

E. Peeling poi"lt on outside walls 

______ F. Decoy of door and/or window trome 

-- __ -- G. Uneven floors· 

H. Holes or badly worn places in floor coverings 

I. Broken or missing window pones 

·-- _____ J. Brnken or missing materials on exterior walls or 
foundation 

Respondent 

Cord No. 
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____ ,.4 

~ 5-6 

_7 

_a 
_9 

_10 

-" 
_12 

_13 

_14 

_15 

__ 16 

_17 

_,a 
_19 

-20 

-21 

-22 

......23 

-24 

-25 

-26 
......27 



,,,.•,tJTHE 
'1!::-NERGY 

~Jf:VENT 

ID Nu~=- -- ______ ==r_~t: J Aide Name 

---- ----------

MID rROJECT CONSERVATION CHECKLIST 

INSTRUCTIONS 
Record all changes made by this household from the time you first contacted them. Far each qu_estion put 
a check ( ,f) in the appropriate block indicating the change. 

ACr1v1ries NA , .. "o ~J~·~i~~cot.;, ~:-::::~~ ::::·,h:;:,.. kind I~ IMb)ldind,hcc!"'c.'!.•ic:o,a:.:tc,•=~=c-1 

l. Add~t ;:t::,~;~~i•i,:,=~-= = 1-'_·=-_ .. _ .. __ .i_.Ji,,;,.!j,,:, ."' •. r'RI ,,, 1----"'=='f'==<=-t='--f-"---j-='°---t==j 

2. Added wall insulation 

if.r,!-~, rccorJ R-Valiie -----

3. Added floor insulation 
if res, record R-Value ---

4'. Acided cuulk ond/or weotherstripping 

cbech 1he ,·ontfition 1li11J hc.~t 

descrihf·s the ho1ne now 

Goc:id Cond1tior, - Tight fitting windows 
and doors, caulked 
and weatherstripped . 

I 

t----+·-a>-+- I 

. _ fair Condition · Average fit, portio!Jy j 
caulked and I 
weothP.r!itripped. · 

--· Poor Condition • No caulking or . 
weatherstripping. ,:....-.11.~.---j ···· rl' 

Added duct i!l'iulation ~--! 

i/ ft!-~. chccl.. helow 

___ I inch 

___ 2 inch 

6. Added storm doors 

7. Added storm windows 

9. Added ind.:.or roll-up shades 

9. Added rornan shades 

I 0. Added draperies 

I I. Adued drapery liners 

12. "dded window inserls 

13. Added venetian blinds 

1.(. Added outdoor roll-up !"oho~ 

15. Added awnings 

16. Added sun screen 

I 7. Added ,- control film 

18. Added Ir.. ..::red visors tor windows 

Resp.mdenf _____ )-..( 

""" Na. .Q!. 5-6 

_7 

_22 

_37 

_52 

Card No. .Q§. 5-o 

__ 7 __ 8 

_2,s _2, _28 _29 _Jo 
_45 __ 46 _47 --48 _ -49 

_.64 __ 65 __ 66 __ 6l __ .68 

_21 _22 _23 _24 _,5 

-•O _41 __ 42 _43 __ 44 

_59 _60 -61 _62 -- 63 

_21 _22 __ 23 -24 __ 25 

__ 40 -"' -"2 ___ 43 --"" 
_59 __ 60 -61 -62 _63 

_21 _22 _23 _24 _ .. 25 

_40 _-41 _42 _Al __ ,44 

_59 --60 -61 _62 _63 

_21 _22 _-23 ---24 _ 

Ccrd Na. 

Q_9_5.6 

Cc..:rdNo. 

lQ 5-6 

Cord No . 

.l.!.s-6 

Card No. 

\1_5,6 
....... 
\.0 
0 



ACTIVITIES 

-, 9. Added louvered visors for doors 

20. Added lou\lert!d visors for cooling units 

21. Added lom.Jscoping · deciduous trees 

22. Added landscaping - deciduous shrubs 

23. Added lond,;coping - evergreen trees 

24. At.lded londscop1ng - evergreen shrubs 

25. Reduced winter lhermostat selling 
if :w.~. n·,·onl !cmp. -~l'fling __ 

26. Increased summer thermostat setting 
if _w\', n·cnr,I 1,·mp. srulng ___ _ 

27. Added ceiling fon 

28. >.d<1ed portable fan 

29. Added whole house/attic fan 

30. Purc:hwscd t!ff,c1ent heating equipment 

if ~'l'~. i.·l·,ml f~i11d --·-~---

31. Pur.:hascd efficient cool mg equ,prnent 

if yn, rc.-,iul EER_-------~ 

32. Repaired leaky hot water faucets 

33. im.uloted hot water pipe:. 

34. Insulated ho! .... utcr tonk 

35 Reduced hot water tonk temp. set1ing 
if y,._,, ,·li,·cl~ Ilic ,·11rrc111 lt'IIIJJ . 

. \clli11g 

KlY 

kin~ of h•oting •quipm•nt 

J -,Nut..iro! 90:;. - Cenlrol forced air 
1 = Natural Q'J$ - Floor furnace or .,.oJI healer 
J ~= Pro~.>0'1c - Central forcl!-d air 
""'' Prq:ane - FIOOf' furnace or woU heater 
5= Electrk r~istonce - Central forced air 
6=Electric rc'i1$1ance - FloOI' furnace Of' wall 

7~Heot p;..n1p 
8:::Wood heat 
9=0ther 

heater 

Tim• Spent 
Ir ho11Hhold 

Corwe11 oil time 

to hout:. 

i.e. I day a • hours 

30 min. 01 mo<e 
a I hou< 

Mone, $pc11t S.ib1id1 (Kind) 

By ho1,1Hhold I '"!l.',oncv 
2""5crvicc,. (rccc.rd 

Roun:.J lo neure:.I t;rnc spent 
bv :;.ervicc 

whole dollars provider) 

i.e. $.SO a $1.00 
;=-Goods 
bb,oidy ($ Amount} 

$.75 a $1.00 Round lo ncarr.~I 
whole dnllor'> 

5.ib,idy 
(51n1r(C) 

I ~ G-.>V('U'VT1ent 

2 =:eL111i11v 

J '" 6usines:. 
,4c.=(1\liC 

5=farn11v 
6.:.. Kcllg1ou~ 
7""-0lhcr 

_40 --• l _42 __ 43 _., 

_59 -60 _6 l _62 _63 

_21· _22 _23 _24 ---.25 

_.o _41 __ .2 _43 --•• 
_59 _60 -6 l __ 62 _63 

_21 _22 _23 __ 24 _25 

Card No. 

_40 

_55 

lis.6 

_7 

_22 

_37 
__ 52 

_21 

_36 

_51 

--66 
•_21 

-36 
_51 

_66 _67 _68 _69 _70 

_21 _22 --23 --24 _25 

Ccrd No. 

11.5-6 

Card No. 
Jj_5.() 

Card No. 

12.s.6 

Ulrd No. 

1Z5·6 

Card Na. 

!§..S-6 



L~THE 
1ENEAGY z: . N ·AfVENT 

_I_D_Nu~b~-;.------ ---- -- ~a--t-e-~_-__ rde Name ----­

FINAL PROJECT CONSERVATION CHECKLIST 

INSTRUCTIONS 
Record all changes made by this household from the time you first contacted them. For each question put 
a check ( ,/) in the appropriate block indicating the change. 
----------------~-~~-.-----.---.----~---------~ 

ACTIVITIES I ifycs,lndicote HouHhollll Ho1.11chold l----~if s~~cd, -~~ __ 
--------t--H_A--+-''-"-+-",;, ~ETW-- thwe 1pent money 1,Mllf kiMI $ houD ,ource5 

-.. A-dded--:;;;n-g ins:lo;;: -~fi','], ___ 1

1

; __ -· if re.,;, rernul R-Vnh,e ____ _ 

2. Added wall insulation 

if yes, rccorcl R-Vulue ---'------ 1·· ,,-
3. Added floor. insulation 

i/ ye:.~. record R-Valuc ---- r--- J-- ~- ,-- ! 
4. Added caulk ond/or weatherstripping ~ ,;,,,,.. _.,; : 1 

rhcd.: the cm11litio11 1ht..1t hest r::-·-· ··-·· r: · j ! · f 
,lrsrrihc~ the house now I , ; 

__ Good (ond,tron - Tight httmg windows 1• 

and doors, caulked I 

and weatherstripped I 

__ Fair Cc:.nJ111on - Average fit, partially ~I I 
::~\t~s~r~ped . I ! i 

_ Poor Com:111,on - No coulkmg or r : ; 
weatherstr1pp1ng • .. 1 . I 

5. Added duct insulation 1 -i-. ! 
1/ p•.,, died: l,elow ~.- : I I 

___ I ,nch ~-- 1 

__, ____ ,_ ____ _,___ _,_ ___ , ___ ...__ 
o, .... _.,._ ...... -~ _..,....., ........ _..., __ --__ ,,..... -,--~.....---r~~~-

1 - ----r , -:---

--- -··+-----·-+-·--+----· ·1 --- ---· 
__ ..... 1_ r-+----r---. . . 

2 inch 

6 Added ':itorm dciors 

7. Added c,torm windvws 

8. Added indoor roll-..,p shades 

9. Adde.!d roman shades 

10. Added droperies 

II. Added drapery liners 

12. Added window inserts 

13. Added venetian blinds 

I• Added outdoor roll-up !.hades 

15. Added awnings 

J 6. Added !iUn screen 

17. Added r- · • central film 

18. Added , .:ired vi50rs tor windows 

Respondent - ___ 1-4 

Co.-d No. 11. 5-6 

_7 

----22 

__ 37 

_52 

Cord Na. 1Q. 5-6 

____ 7 _8 

_26 __ 27 __ 28 __ 29 - 30 

_45 ~.46 ___ 47 _48 _49 

__ 64 _.65 __ 66 -67 _68 

__ 21 _22 _23 _24 _25 

_40 _41 _42 __ 43 _44 

_59 -60 _6 J -62 _63 

_21 _22 _23 __ 24 _25 

_40 _.di _,42 _43 __ 44 

_59 -60 _61 _62 -63 
__ 21 __ 22 __ 23 _24 _25 

_40 _4) _42 --•3 _4. 

_59 __ 60 _61 -62 _6l 

_21 _2_2 _23 _24 --

Cord No. 

1!5-6 

Card No. 

ll5-6 

Cord No. 

E.5-6 

Cord No. 

~-5-6 ,__. 
I.O 
N 



--------------------~--~--~------~---~----~------------~ ACTIVITIES t_!!_y~i~i~a!!,... Hou,ehold Hou1oholtl ~ __ if 11o1bs_i~Jcd, indic11te 

---------·---------r'~'"-+''~••,+no H S E rw tlmeJpcnt rno1111y1pent ki,nl $- ~~ source, 

19. Added louvered visors fer doors 

20. Added louvered 'tisors for cooling units 

21. Added landscaping - deciduous trees 

22. Added landscaping - dec.jduous shrubs 

23. Added landscaping - evergreen trees 

2-4. Added londicoping - evergreen shrubs 

25. Reduced winter thermostat setting 
if ye.,, record temp. i;elling __ _ 

26. Increased summer lhermostot selfing 
if yes, raurcl temp. ,euing ---

27. Added ccil,ing fon 

28. Added portable fan 

29. Added whole house/attic fan 

30. Purchased efficient heating equipment 

if n.~. recmJ kin,I -----

31. Purchased efficient cooling equipment 

if )'C'-~, rccu,d EER ------

32. Repaired letJJry hot water faucets 

33. lnsulaled hot water pipes. 

3,4 Insulated hot wale!" tank 

35. Reduced hat waler tank temp. setting 
if yes, chec1, ihe ,·urrent 1emp. 

u•iting 

_High= 141" - 160'· 
- Medium= 121a-140a 
__ Low= 100" - 120' 

36. Made and used windbreakers 

37. Added humidity in the winter 

KEY 

KiMI of heotin31 •quipn1e11t 

I'"' Naluroi gas - Ct-riUol tcrr:cd air 
2--Noturol gos - Floor furnace or wall heater 
J., Prr,pone - Centrcl forced air 
4 =-· Prcpane - Floor furnoce or wall heo!er 
5 cc Electric re.s.istance - Central f01ced air 
6~ Electric resistance - Floor furnace or wall 

heate,-
7c::Hcot pump 
l!I -~ Wood heal 
9"0ther 

Time Spent 
By hoHehold 

Convert all time 

to how's 

le. ' day = a hour, 

30 mm. "' more 
= ' """' 

---

---~-

Mon er Spent Swb,idy {Kind) Sub~idr 

iy houHhold I -=Mone~ (So1,1rce) 
2e:Services (((.'C<,rd I : Govcrrvncnl 

Round to nearest time spent 2~,u,.i,1y 
by ~crv,ce 

whole dollor.s. prov,acr} 3- Bu~iness 

3-=Go<'J\ 4,-_(,v1c 
i.e. s.so = $1.00 Sub,i.:ir ($ Am11unt) S=Fwnily 

$.75 = $1.00 RuuriJ to neorc~t 6c...Rcl,gious 
whole dolloh 7,~0thcr 

_4Q _41 _42 _43 _,44 

_59 -60 _61 _62 _63 

-21 --22 --23 _24 _25 

_4Q -41 _42 _43 _44 

_59 _60 _61 _62 _63 

_21 _22 -23 --24 _25 

Cord No. 

_40 

_ __ 55 

11...5-6 

_7 

-~22 
__ 37 

_52 

_21 

_36 

_51 
__ 66 

___ 21 

__ 36 

__ 51 

Cord Na. 

13-5-6 

Co,d No. 

~5-6 

Card.No. 

~5-6 

Cord No. 

12.5-6 

Cord No. 

_66 -61 __ 68 _69 _70 1.Q.5-6 

_21 _22 --23 _-24 --25 

..... 
I..O 
w 



-ID_N_u_m_b_e_r ___ -~r-D_o.te - =i·Aidc Nome·----------

FOLLOW-UP INFORMATION 

AIDES: I would now like to ask you some general questions concerning 
energy conservation activities. 

DO NOT RE.AD RESPONSES TO THE PARTICIPANTS! 

1. Why did you decide to weatherize your home? (You may check more 
than one response.) 
_ 1. For more comfort 
__ 2. My utility bills were too high 
_3. To save money 
_4_ My friends did and/or relatives did 
_5. To save energy for future generations 
__ 6. Because the supply of energy is so scarce 
_7. Have not adopted any energy conservation activities 
_8. Other (please specify)-------------------

2. Why did you decide not to weatherize your home? (Do not ask this 
question if the participant answers item 1.) 

1 . Lock of money 
2. Weather (too cold or too hot) 
3. Too close to vocation time 
4. Rent residence (Landlord should do it) 
5. It won't save energy 
6. Don't hove the time 
7. Net able to do the work 
8. Don't know how 
9. Home o I ready weotheri zed 

_ J 0. Other (please specify) 

3. Do you plan to do any weotherization projects in the future? 
_ . .l. Yes COMMENTS: 
_2. No 
_3. Do not know yet 

4. What person or persons·influenced you most to weatherize your home? 
_ l . The Energy Aide 
_2. Friend 
_3. Relative 
_4. My family 
_5_ ·community leader 
_6. No one in_fluenced the decision 
_7. Other (please specify)-----------------

5. How did you get the structural changes mode? 
_ l. Did them myself COMMENTS: 
_2. Friends helped me 
_3. Family helped 
_4. Paid workmen 
_5. Service group 

Respondent 
Cord No. --' 11:i 

_7 
_g 
_9 
_JO 
_11 
_12 
_13 
_14 

_15 
_16 

_19 
_20 
-21 
-22 
-23 
_24 

-26 

_, 

194 
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ID Number Date Aide Name 

TEACHING RECORD 
INSTRUCTIONS: 
For each learning experience, record date, what yau did, reaction, dote and purpose of next visit. 

Pion ned Learning Experiences Dote 

1. 

2. 

3. 

4. ·--· Date 

6. 

7. Dote 

a. 

9. 

10. Date 

11. 

12. 
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TEACHING RECORD 

Dote ------------ Dote -----------

Dote ------------ Dote ------------

Date ------------ Dote ------------

Dote ------------ Dote ------------



APPENDIX B 

CALCULATION PROCEDURES 
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CALCULA.IION PROCEDURES 

OKLAHOMA PJ;SIDEh'TIAL CONSERVATION SERVICE PROGRAM PLAN 

Calculation methodology set forth under the Oklahoma Plan is 

based primarily on ASHRAE fundamentals aud residential energy research 

conducted by the Agricultural Engineering Department at Oklahoma State 

University. Utility companies in Oklahoma have been directly involved 

in the study. Detailed data on both actual fuel consumption and ther-

mal characteristics of the house were collected on approximately 200 

homes. Using this data, various calculation techniques were investige-

ted. From the study, a calculation methodology, specific to Oklahoma, 

vas developed. 

Calculation p:-ocedures are described for each' program practice. 

The procedures are based prima:-:-ily on the OSU study and on AScIRAE fon-

dementals and procedure. 

Seasonal Energy Use Eq•Jat:icns 

r. Cooling Energy Use. 

E ~ {Q * C)/(GOP * 3413) 

Ea Energy use during cooling season (Kw-hr) 

C • Full load cooling hours - (develo?ed for each 
county in Oklahoma) 

(1) 

COP " Coefficient of ?erformznce for the ah- c.ondit ioning 
unit. (Based either on on-site determination of 
EER or on manufacturer's data.) 

Q m Structural cooling load - (Calculation procedure 
explained independently for each practice.) 



II. B· ating Season Energy Use. 

(2) 

E • Energy Use in Heating 

DD• Degree Days {Developed for each county in Oklahoma) 

Q • Str.uctural Heat Load - (Calculatio~ procedure ex­
plained independently for each practice) 

T1-T0 ° Design temperature difference 

• Heat value of fuel 
{Natural Gas= 1,000 BTU/cu. ft.; 
Propane a 92,000 BTU/gal.; 
Electricity_ s 3413 BTU/Kw-hr.) 

N • Furnace efficiency. 
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Units of energy consumed during the heating and cooling seasons can 

be calculated using the above equations. Once these units of energy are 

calculated, the price of energy can be applied to determine seasonal 

costs. 

The major function of structural energy conservation practices is to 

decrease energy requirements by decreasing the value ·of "Q" in both equa.-

tions. Decreasing heating and cooling loads result in decreased seasonal 

energy use and decreased seasonal cost. The amount of decrease in season-

al cost represents savings incurred by various conservation practices. 

Calculation methodologies for ceiling insulation, wall insulation, 

floor insulation, window treatments, storm doors, caulking, weatherstrip-

ping, and duct in.su lat ion are based on the above principles. A detailed 

discussion of ee.ch of these program practices follows. 
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1. Ceiling Insulation - Energy savings due to additi~n of ceiling 

insulation occur in both heating and cooling. Basic calculation 

methodology is given below. 

Beating: q • (Uc2 - Uc1> *Ac* (Ti-To) 

q • Change in heat loss due to change in ceiling U-value. 

Ac• Ceiling area 

Ti-TO• Design temperature di"fference 

Ucl • Present ceiling U-value 

Uc2 • Recommended ceiling U-value 

After calculating "q", equation 2 is used to evaluate energy savings 

in the heating season. 

Cooling: q • (U 2-u 1) * A * ETD c c c 

q • Change in neat gain due to chan·ge iu ceiling U-value. 

ETD• Equivalent temperature difference based on ASHRAE 

Fundamentals Handbook, Chapter 25. 

The value of "q" is used in equation 1 to evaluate energy savings in 

the cooling season. 

Total Annual Savings• Heating savings+ cooling savings 

Simple Payback • Cost of insulation/Annual dollar savings 

NOI'E: Cost of insulation assumes installed cost. 
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2 •. !!.!.!. insulation: Same basic methodology used for ceiling insula-

tion is used for evaluation of savings ·due to installation of wall insula-

tion. 

Beating: q • (Uw2-uw1) *Aw* (T1-T0) 

q • Change in heat loss 

A,,• Exterior wall area 

T1-T0 • Design temperature difference 

uwl - Present wall u-value 

Uw2 • Recommended wall U-value 

Cooling: q • (Uwl-Uwl) *~*ETD 

ETD• Equivalent temperature difference based on ASHRAE 
Fundamentals Handbook, Chapter 25. 

Savings for cooling and heating are evaluated by using equations 1 

and 2. 

Total Annual Savings• Heating savings+ cooling savings 

Simple Payback • Cost of insulation/Annual dollar savings 

3. ~ Insulation: Savings due to floor insulation only occur 

during the heating season in Oklahoma. In Oklahoma, tvo basic floor con-

struetion types exist. One is suspended frame construction and the other 

is concrete slab. Only suspended fram~ floors offer potential for addi~g 

insulation. 

Methodology: 

q • (Uf2-Ufl) * Af * (Ti-Tes) 

q • Chs.nge in heat loss due to addition of floor 
insulation 

Af a Floor area 

Ti• Indoor temperature 

Tes• Temperature of crawl space 
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Crawl space temperatures are normally different from outdoor air tem­

peratures. Actual crawl space tempe~ature is primarily dependent upon in-

filtration of outdoor air into the crawl space. Based upon HUD and FHA 

property standards, a typical crawl space temperature in Oklahoma may be 

calculated by the following equation. 

Tes • 7/8 Tcsu + l/8 To 

Tcsu • Temperature of an equivalent u~vented crawl space. 
(Assuming no infiltration) 

TO a Outdoor design temperature 

After determining the value of "q", equation.2 is used to evaluate 

seasonal energy and cost savings. 

Simple Payback• Cost of floor insulation/Annual dollar savings 

4. ~ ~ thermooane window treatments: The addition of storm or 

tbermopane windows result in energy savings in both heating and cooling 

seasons. Evaluation of savings must be made in both seasons. 

·q a Change in heat loss 

A .,. Window area 

T1-T0 • Design temperature difference 

u1 • 'U-value of regular single glazed windows 

u2 • U-value of combination storm or thermopane window 

Utilize equation 2 to evaluate savings. 



Cooling: q •A* (BGF1-BGFj 

q·• Change in heat gain 

BGF 1 • Beat gain -factor for s!.ngle glazed windows 'based 

upon ASHRAE Fundamentals Handbook. 

BGF2 • Heat gain factor for double glazed windows. 
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The heat gain factor is sensitive to orientation. Therefore, a sepa­

rate calculation will be ma.de for South, North, East and West facing win­

dows. A value of 11q 11 will be obtained for each orientation. The tota·l 

value of "q" will then be used in equation l to evaluate total seasooal 

energy savings • 

Total Annual Savings= Heating savings+ Cooling savings 

Simple Payback • Total cost/Annual dollar savings 

S. Calking ~ Weatherstriooin~: Caulking and weatherstripping 

have direct effects on air infiltration. Under the Oklahoma plan, i:ofil­

tration characteristics of windows and doors are classified in three 

groups. 

a. Good -Fit - Caulked and weatherstripped 

b. Average Fit - Partially caulked and weatherstripped 

c. Poor Fit - No caulking and weatherstripping 

By visual inspection, windows and doors will be classified as one of 

the above. Each of the above conditions is then associated with a air 

infiltration rate. Rates are based on a 15 mph wind in the winter and 7 

1/2 mph wind in summer. Rates are given in the following table. 



204 

Condition 
l 

Winter Air Infiltration Rate 
(cu. ft./hr, ft. of crack) 

Summer Air Infiltration Rate 
(cu. ft./hr. ft. of crack) 

14- -- 8.4 

2 28 16.8 

3 56 33.6 

Using these values, ASHRAE crack length procedures are used to calcu-

late energy loss due to air infiltration. Crack length procedures give 

more accurate results than the air change method. Total crack length is 

estimated by multiplying the total window area by 1.5. However, ASER.AE 

crack length procedures suggest using only 1/2 of the total crack length. 

Therefore, .to estimate the linear feet of caulking and weatherstripping 

material window area is multiplied by 1.5, while it is multipiied by 0.75 

to ~stimate energy losses. 

The basic equations used to estimate potential energy savings du~ to 

caulking and weatherstripping are given as follows·: 

Heating: 

q • Change in loss due to caulking and weatherstripping 

W!A • Total window area 

Q1 a Air infiltration rate based on present infiltration charac­
teristics 

Q2 • Air infiltration rate based on improved ceulking and weather­
stripping 

Ti-To• Design temperature difference 

0.24 = Specific heat of air 

11.5 • Specific volume of outdoor air at design condition 

"q" is then used in equation 2, to evaluate savings during the heating 

season. 
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Cooling: 

Variable definition is same as above. Specific volume of outdoor air 

at summer design condition is 14.6. 

Equation No. l is used to determine seasonal savings. 

Total Annual Savings• Heating saving+ Cooling savings 

Simple Payback • Installed cost of material/Annual dollar savings 

6. Duct Installation: Insulation of air supply duct can have a 

substantial effect on overall energy use. Retrofitting a ducting system 

with insulation is practical for ducts located in either the attic space or 

a suspended floor crawl space. Ducts experience both heat loss and heat 

gain. Losses and gains are normally expressed as a percentage of the. total 

loss or gain of the structure. The following tables give percentage values 

for Oklahoma. 

Heat Loss - Heating Season 
(For ducts located either in attic or suspended floor crawl space) 

No insulation - 20% 
1 inch insulation - 15% 

2 inches insulation - 10% 

~~.:.Coolin~ Season 

~ Location 

Attic Space 
Attic Space 
Attic Space 
Crawl Space 
Crawl Space 
Crawl Space 

No insulation - 20: 
1 inch - 15% 

2 inches - 10% 
No insulation - .5% 

1 inch - 2.5% 
2 inches - 0% 
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By increasing duct insulation, change in total energy loss and gain 

can be obtained by using values given in the tables. Equations 1 and 2 can 

then be used to determine total annual savings. 

Simple Payback• Total installed cost of insulation/Annual dollar savings. 

7. Clock Thermostats: Thermostat settings affect total energy con­

•umption in residences in both heating and cooling. Based on Oklahoma 

data, a decrease of 2.7% in energy consumption can be obtained for every de­

gree reduction in thermostat setting during the heating season. A decrease 

of 4% can be expected for every degree increase in thermostat setting 

during cooling. 

Cost savings due to thermostat set back will be estimated using above 

figures. Patterns of thermostat set back will vary with each homeowner. 

Therefore, savings due to thermostat setback will ·be highly dependent upon 

lifestyle. 

Payback will be calculated as follows: 

Simple Payback• !otal cost/Annual dollar savings. 

8. Renlacement Central Air Conditioning: The pri1:1a.ry purpose of in­

vestigating replacement central air conditioning is to show the homeowner 

advantages of increased efficiency~ From equation 1, total cooling energy 

consumption is inversely related to the coefficient of performance, Coeffi­

cient of Performance is equivalent to the Seasonal Energy Efficiency Ratio 

divided by 3.413. Therefore, by increasing SEER, total energy consumption 

is decreased. 



Existing SEER will be obtained froc name plate ratings or from stan-

dard data. New units will be evaluated at an SEER of at least 10.0. 

Energy savings will be evaluated as follows. 

Energy reduction• (Q * C/3413) * [(l/COP1)-(l/COP2)] 
Annual Dollar Savings m Energy reduction x Cost of energy 

Simple Payback• Replacement Cost/Annual Doilar Savings 

9. Water Heater Insulation: Adding i~sulation to the jacket of an ex-
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isting water heater can reduce heat loss from the jacket wall. Average an-

nual closet temperature in Oklahoma is 70°F. Water temperatures range 

from 12o•r to 140°:. The auditor will be responsible for determining 

average water temperature. Annual savings will be calculated by the 

following equation. 

E • (A* (~1-T2) * 365 * 24)/(RV2-RV1) 

E • Energy Savings 

A• Jacket wall area 

T1 • Water temperature 

T2 • Ambient temperature 

RVl • Present R-value (default values: 7 for electric, 3 for 
gas) 

RV2 • Increased R-value (10 for electric, 6 for gas) 
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By multiplying energy savings by cost of energy, annual dollar savings 

can be determined. 

Simple Payback• Cost of insulation/Annual dollar savings. 

10 • .!2!.!:: ~ Heating: Hot water consumption and resulting energy 

consumption will be calculated using procedures developed by Oakridge 

National Laboratories. Consumption calculations are based on 20 gallons 

per person per day for the first two people and 15 gallons pe~ person per 

day for any additional people. Energy consumption is calculated from the 

following equation. 

Q • M * Cp * M:./E 

Q • Annual energy consumption 

M • Annual hot water consumption 

CP • Specific beat of water 

ur • Temperature difference in incoming and outgoing water 

E • Beating efficiency 

After determining energy use, an anal,-s is on solar water hes.ting vill 

be made. The auditor will be able to select the percent of hot water to be 

supplied by solar. Using this percentage, savings can be calculated. 



Mechanical ~quipment Efficiencies: 

1. Beating -

The basic seasonal energy use equation used in the Oklahoi:ia. plan is as 

follows. 

E • 24 * DD * Q/[(T1-T0) * Ry * N] 

E • Energy Use 

DD• Beating degree days 

Q • Structural heat loss rate 

Ti-To• Design temperature difference 

Hv • Heat value of fuel 

(Natural Ga&• 1,000 T!!U/cu. ft.; 

Propane• 92,000 T!!U/gal.; 

Electricity• 3,413 T!!U (K'lr'hr; 

Oil• 139,000 T!!U/gal.) 

N • furnace efficiency 

Most available methodologies use an equation similar to the above. 
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However, normally a correction factor to the overall equation is used. The 

Oklahoma State methodology is based on appro~imately 2 years of study by 

the Agricultural Engineering Department a~ Oklahoma.State University. 

We have found that it is more accurate to use the above equation as is and 

tary the degree day base te111perature. Current methodology now uses a base 

temperature of 62.5°F. With this methodology, the following efficien:ies 

are used:' 
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a) Electric resistance furnaces - 100% 

b) Electric Beat Pump - Seasonal Performance factor calculated as follows: 

SPF• 2.3 - 0.00015 x. DD, where DD is the degree days based on 

6s•r base temperature. SPF times 100 represents seasonal effi­

ciency in percent. 

c) Gas furnaces - For llla.~imum prediction accuracy in Oklahoma, ga~ fur­

uace efficiencies were broken into three categories based on the 

overall heat loss rate of the structure. 

Heat Loss Rate 800 BTU/hr°F 

Heat Loss Rate 600-800 EIU/hr°F 

Beat Loss Rate 600 EIU /hr °F 

N • 75% 

N • 70% 

N = 64% 

d) Wood - Only wood burning stoves and modified fireplaces will be con­

sidered. Conventional fireplaces are not counted as heat sup­

plying devices. ·The efficiency of wood burning stoves and modi­

fied fireplaces will be 35%. 

e) L.P. Gas Furnaces - Use same efficiencies as natural gas furnaces. 

f) Oil furnaces - Less than 1% percent of the homes in Oklahoma are heat­

ed vi.th oil. However, provisions have been m.'ide to analyze oil 

furnaces. 

Efficiency= 67% 

Cooling 

Air conditioning efficiencies can be stated in terms of Energy Effi­

ciency Ratios (EER) or a coefficient of Performance (COP). The Oklahoma 

methodology utilizes the COP value. NOTE: COP e EER/3.413. The COP of 

existing units in Oklahoma is a function of equipment age. For example, 

units 3 years and older typically u;ive seasonal COP' s in the range of 1.8 

to 2.1. New units (newer than 3 years) can have COP's as high as 3.2. 
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ID the Oklahoma methodology, if the actual COP is known or can be cal­

culated, it vill ~e used. If the actual cannot be obtained, the following 

default values vill be uaed;. 

Leas thau 2 years of age 

2 years S years 

greater than S years 

Replacement Heating Svstem: 

1. Electric Resistance Furnace to Heat Pump: 

COP 

3.0 

2.24 

1.9 

Efficiencies will be used as described in section on mechanical 

efficiencies. 

2. leplacement Gas Furnaces. 

It is possible to achieve energy savings by replacing old,· iow 

efficient gas furnaces with high efficiency units. ~ew Ga.a fur­

naces are available with estimated seasonal efficiencies of 80%. 

Savings due to replacement furnaces will be calculated by 

increased pre~ent furuace efficie~cy to the 80% level. The 

assumption must be made that new furnaces will be correctly 

sued. 

Replacement .Q.!l Burners 

Savings due to replacement of oil bur-ners will be reflected by increased 

seasonal efficie4cy. Seasonal efficiency can be increased by approximately 

5% by the additions of improved burners. 

~ Damper!!_ 

Savings due to the addition of vent dampers will be calcu.lated by increas­

ing the seasonal efficiency of th~ heating system by 7%. This value corres­

ponds with recom:ncndations and guidelines presented in the model audit. 



RENEWABLE RESOURCES 
State of Oklahoma 

RCS Program 

1. Available !21!! Radiation: Monthly average solar radiation data 

were derived from aun minimum property standards. A correlation of Kt 
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· as & function of lati~ude was developed from the ROD data. This correla-

tion was iu turn used to develop an equation from R. Risa function of 

latitude, collector tilt, Kt and month of year. 

M011thly average extraterrestrial radiation values were obtained from 

table A-108 HUD minimum property standards. Because Oklahoma falls between 

30• and 40° latitude, an interpolation technique was develope~ to obtain 

the value of I 0 for each month and each latitqde. The average horizon­

tal radiation is then calculated by: 

R •Kt* Io 

The radiation available on a tilted surface is calculated by: 

It • R * R 

2. System Efficiency. System efficiency is a highly variable quanti-

ty in active solar systems. Collection efficiencies vary with collector de-

sign parameters such as number of layers of glazing material, type of glaz-

ing material, type of absorber, fluid temperatures, sun angles, and collec-

tor insulation. Other losses in the system occur prima~ily in storage and 

piping systel:15. Beceuse of the variation of overall utilization efficiency, 

a constant value is assumed in the OSU methodology. The overall collection 

and utilization efficiency will be taken as 25 per cent. The overall 25% 

figure is based on a typical annual 
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collector efficiency of 38% and a system efficiency of 66!. The 38! figu=e 

is a typical value 'When considering variation in incident angles, ambient 

temperature, and available solar radiation. The 66% efficiency accounts 

for storage and piping losses. 

3. Domestic~ Heatin~. Energy required to heat domestic water 

will be calculated using methodology described in the Oklahoma State Plan. 

To access the solar analysis of domes:ic water heating the auditor mus: 

supply the following data: 

PSF - Prime Solar Fraction. Minimum values will be 

determined by R~gion Specific Solar Factors contained 

in Model Audit Procedures. 

Sguare ~ of Collector - Domestic water heating systems are 

typically standard in their design differing priii:arily 

in collector area. The auditor will evaluate the home 

and assume an appropriate collector area. 

After inputting PSF and collector are4, the total available solar ener­

gy for. water hea~ing can be calculated. AvailablP. radiation will be evalua.­

~ed according to the methodology found in Parts land 2 of this report. 

The solar energy is evaluated on a monthly basis. Monthly water heati~g 

loads are calculated according to methodology described in Oklahoma State 

Plan. The proportion of mon~hly demand supplied by solar is evaluated for 

each month. Total annual demand supplied by solar is sumned to obtain 

annual proportion supplied by solar system. Annual savings is calculated 

by multiplying percentage solar supplied ti~s the calculated annual water 

heating cost based on current conven_tions..l energy source. 
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4. Solar Swimming Pool Heating - C~lculation procedures for solar 

avimming pool analysis were taken from Model Audit procedures, ES, revised 

for Oklahoma RUD Zones May, 1980. 

According to the model audit procedures and to common practices in 

Oklahoma, covered pools vill not be evaluated. Very few pools in Oklahoma 

are covered. Those that are covered have very little solar energy savings 

potential. 

Correlations were developed for the various quantities in the tables 

as a function of pool area. Resulting equations used in the Oklahoma 

analysis liUD Zone 4 are shown below. Equations for other HUD Zones were 

calculated accordingly. 

Practically all pools in Oklahoma are at least moderately shielded 

from wind. Most are in r.esidential areas and have sight hindrance fences. 

Because of this, annual energy consumption for pool heating is ta.ken from 

the moderately shielded section for each HUD.zone in Oklahoma. The auditor 

selects the ·appropriate solar savings fraction. The SS'F is in turn applied 

to annual fuel use to obtain annual energy savings. This quantity is 

initially in terms of million BIU's. It is converted tc units of fuel 

based on the heat value of the primary_heati~g fuel. Multiplying units of 

fuel by cost gives annual dollar savings. 

Correlations were developed for annual energy use as a function of 

pool area. The correlations were based on the tabular data in the model 

audit. Resulting equations use"d in the Oklahoma Analysis are shown below. 
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~~l 

Annual -Energy Use (Million BTU's) • Pool area* (6.00 x lo4) 

~~i 

Annual Energy Use (Million B'rtJ's) • Pool area* (17.14 x lo4) 

!!!!!~1!! 
Annual Energy Use (Million BTU's) • Pool area* (17.41 x 104) 

In Btl'D Zones 4, 5, and 6, collector area as given by the moderately 

shielded columns in the Model Audit tabres seemed to be low. Experience in 

Oklahoma has shown greater collector area requirements than that sho'Wt\ in 

the model unit. The difference may be in the quality and types of collec­

tors used in the calculation procedures. In Oklahoma, typically low cost, 

low efficiency collectors are used. High temperatures are not needed for 

pool heating. !herefore, it was necessary to adjust collector areas. 

Again, correlations were developed for collector area as a function of pool 

area. equations were developed for each HUD.zone and each solar savings 

fraction. Resulting equations used in the Oklahoma. analysis for HUD zone 4 

are shown. below. Equations for other HUD.zones were calculated 

accordingly. 

!.UE~i 
(a) 30% SSF: Collector Area (ft2) • Pool Area* 0.38 

(b) 40% SSF: Collector Area (ft2) • Pool Area* 0.506 

Cc) 50% SSF: Collector Area (£t2) a Pool Area* 0.633 



S. Passive Solar Energv. Passive sola= energy systems applicable to 

the Oklahoma Plan can be categorized into the following categories. 

A. Indirect Gain Glazing Svstems. The most applicable indirect 

gain glazing system for Oklahoma is the use of south facing 

double glass. Calculation methodology evaluates for various 

zones in Oklahoa:a the amount of solar radiation available,on a 

south facing vertical surface. These values are taken from 
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ASHRAE Fundamentals Handbook i:h the form of Solar Heat Gain 

Factors. Solar Heat Gain Factor represent the total ener.gy trans­

ferred into a home with standard reference glass, based on clear 

day radiation. 

To obtain the average seasonal heat gain due to direct glazing 

the following equation is used: 

BG• (GA* SC* SHGF * CF) - (U * 2~ * DD) 

Where HG• Heat Gain 

GA.• Grass Area 

SC• Shading Coefficient (0.83 for double glass) 

SBGF c Solar Heat Gains Factor (Heating Season Values) 

CF• Clearness Factor (0.6) 

U • Overall Heat Transfer Coefficient 

DD• Seasonal Heating Degree-Days 

.The seasonal heat gain is converted to seasonal energy savings. 

Because cooling represents a major energy use in Oklahoma, the 

additional cooling load due to the glazing must be evaluated to 
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give the homeowner a fair analysis. The additional cooling load is 

calculaced according to .ASBRAE Equivalent Temperature Methodology 

'given in Methodology Section of Oklahoma Plan. The additional 

energy use in cooling is subtracted from the savings in heating. 

The net savings is then reported to the homeowner. 

PRIMARY A.<;SUMPTION: All energy received by the vertical glass 

can be utilized to offset heating need of 

the structure. 

B. Solaria~~· Analysis of the Solaria Sun Space is 

quite difficult because of the variance in shape, installation, 

and materials. Benefits 'from the sun space will al.so be affected 

by type of wall structure. Oklahoma analysis will treat the sun 

space as a vertical air type solar collect,~. ~.anagement of the 

sun space is critical in the actual realization of savings. For 

calculation purposes, it is a~sume4 that the homeowner will venti­

late and partially cover the space in summer conditions. This 

will eliminate any increased cooling load. It is also assumed 

that the homeow-;ier will provide an air circulation technique to 

transfer the heat gain from the space to the home interior. For 

calculation purposes, it is assumed that the sun space will be 

primarily constructed of glass materials. 

Glass area of collector will be taken as 10 square feet per 

linear foot of wall covered. Solar radiation will be evaluated 

on a south facing vertical surface. An overall collection effi­

ciency of the sun space will be taken as 20:. In other words, 

20% of the energy collecLed in the sun space will be transferred 

and utilized by the house. 
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C. Window~ £!i!: Retardac:s. Beat gain retardants will be 

evaluated only on east and west facing fenestrations. Retardants 

are of no value on north facing windows and inhibit beneficial 

beat gain on south facing windows. 

Procedures for estimating heat gains and cooling loads for 

fenestrations wss taken from ASBRAE Fundamentals chapters• 25 and 

26. These procedures are described in the calculation procedures 

of the State Plan. To evaluate reduction in heat gain and cool­

ing load due to addition of heat gain retardants measures, it was 

necessary.to evaluate the reduction in the heat gain factors for 

east and west facing windows. 

The basic equation for estimating heat gain due to fenestra­

tions .is as follows: 

Where Q • Beat Gain 

A• Window Area 

SC• Shading Coefficient 

SBGF • Solar Beat Gain Factor 

U • Overall U7Value for the Window Glass Area 

T0-Ti • Design Temperature Difference 

The function of heat gain retardants measures is to reduce 

the shading coefficient. For calculations with no heat gain 

retardants a shading coefficient of 0.52 was used. This assumes 
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medium density draperies and·storm windows. We are making the 

assump~ion that the homeowner will add stor111 windows before apply-

ing the retardants. The shading coefficient with the heat gain 

retardants is 0.26. 

lu Chapter 25 of ASHRAE Fundamentals the basic equation 

stated above is reduced to: 

Where RGF • teat Gain Factor 

For the assumptions stated above the heat gain factor is 49. 

When the retardants measure is ad{ed to the window the heat gain 

factor is reduced to 31. The reduction in cooling load is the=e-

fore calculated by the following equation: 

QRED • (49 - 31) * ~-W 

Where· QP.ED • Reduction in Cooling Load 

A_ • Window Area of East and West Windows -r;-w 
The reduction in cooling load is then converted to energy savings 

according to methods described in State Plan. 

6. ~ Energy Analvsis. Average annual wind speeds were developed 

for each county in Oklahoma. The wind.speeds were obtained from tabulated 

weather data for Oklahoma. Providing the home meets the required applica-

bility tests, annual production of energy is taken from SWECS Table in the 

Model Audit procedures. 

Average wind speeds in Oklahoma will be adjusted according to inform.a-

tion contained on page El0.2 in the model audit. The terrain shelter 
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adjustment factor will be taken as :.o for all counties in Oklahoma. The 

tower height and surface roughness adjustment factor will be included. 

Roughness characteristics will range from high woods in southeastern 

counties to grass and crops in western counties of Oklahoma. Therefore, ad­

justment factors ranging from 0.8 to 1.3 will be included for each county. 

these fac~ors will become part of the county data set used in the overall 

program. 

NatE: Because savings for renewable resource items are based on simplify­

ing assumptions and are subject to homeowner management practices, a 

special booklet will be given to each homeowner receiving the audit. The 

booklet will provide a discussion of each renewable resource p~ogram. 

measure. 
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SINGLE STORY RESIDENTIAL ENERGY AUDIT 
In Coordination with the Ok!ahoma Department al Energy and the OSU Agricultural Engineering Department 

Cooperative Extension Service • Division of Agriculture • Oklahoma State University 

HOMEOWNERS NAME IT] 

HOMEOWNERS ADDRESS w 
@] 

RETURN NAME rn 
RETURN ADDRESS [fil 

~ 
Where numbered choices are available, choose the answer that best describes your home and write the number on the r.orresponaing line. 

1. County where the house is located. m 9. Where are the air supply ducts for the ____ [!§ 

2. Total square feet living area. @] heating and cooling systeni located? 

~ 
1. No duct system 

3. What is the roof color? 2. In concrete slab floor 
1. Dark 3. In attic space 
2. Light (or wood shingles) 4. Under susp,nded frame floor 

4. A.Value for ceiling areas. ~ 5. Within conditioned space 

5. Type floor construction. !ill 
1. Suspended frame floor 
2. Concrete slab floor 10. II a duct system is present what ___ [rrj 

3. Combination of suspended type of insulation is used for it? II no duct 

frame and concrete slab system is present leave blank. 

1. Ducts not insulated 
6. II a combination floor answer 2. 1" duct insulation 

the following. 3. 2" duct insulation 
1. Total area in square feet of the ~ 

suspended frame portion. 

@ 11. Complete the following for exterior doors. 
2. Total area in square feet of tile 

(Treat sliding glass doors as·windows.) 
concrete slab portion. 

1. Door area without storms (sq ft) 
7. The A-Value for the suspended frame Ii!! 2. Door A-Value without storms 

---~ 
---~ 

floor or portion of combination ftoor. 3. Door area with storms (sq ft) 
If the answer to #5 was 2 leave blank. 4. Door A-Value with storms 

---~ 
----~ 

8. Is the concrete slab floor or portion @ 
of combination floor insulated? II the ansW11r 
to #5 was 1 leave blank. 

1. Yes 
2. No 



12. Complete the following for windows. 
(Treat completely sh,ded windows as north windows.) 

Single Glazed 
Wlndo,, SinQIO Glmd Wiih Slorms or 

~!..•_~tiE_n_ Ho Storm Double Glued -··-----··--
(Sq Ft) (Sq Fl) 

Soul~ ~ ~ 
NOr1h ~ ~ 
EHi ~ ~ 
WHI [§ ~ 

13. Perimeter length of home in feet. 
(See Example Problem) 

14. Total exterior wall area 
in square feet, not including 
window or door area. 
(See Example Problem) 

15. Type of wall construction. 
1. Brick veneer 
2. Frame 
3. Masonry 

16. A.Value of exterior walls. 
(See Insulation Table) 

17 Estimate the infiltration 
characteristics. 
1. Good condition - Tight fitting windows 

and doors, caulked 
and weatherstripped 

2. Fair condition - Average fit, 
partiaily caulked 
and weatherstripped 

3. Poor condition • No caulking 
or weatherstripping 

18. Type of home heating system 

1. Natural gas - Central forced air system 
2. Natural gas - Floor furnace or wall heater 
3. Propane - Central forced air system 
4. Propane - Floor furnace or wall heater 
5. Electric resistance • Central forced air system 

Ooubl1 Glazed 
With Storms or 
...!'!er, Glazat 

(Sq Fil 

~---
Ifill 
~ 
~ 

--~ 

--~ 

--~ 

--~ 

--~ 

--~ 

6. Electric resistance • Baseboard or ceiling cable 
7. Heat pump 

8. Other (explain)-------

Comments: 

19. Is home air conditioned? 

1. Yes (Central forced air system) 
2. Yes (Window units) 
3. ~o . 

20. Rates during the heating season, 
as applies m your system. 

1. Average price of natural gas. $/MCF? 
2 Average pnce of propane, $/Gallon? 
3. Average prica of electricity, S/KWH? 

21. Average ~rice of electricity during 
the cooling season? If not air con­
ditioned leave blank. 

22. Number people living in your home? 

23. Do you wish a water heater analysis? 

1. Yes 
2. No 

24. Type of water heater? 

==}~ 
--,--_Jg 

___ lg 

---~ 

1. Gas_~--------------

} ~ 2. Electric ______________ _ 

25. Water heater location 

1. Conditioned space-----------

2. Unconditioned spac.~----------} ~ 
26. Normal thermostat setting for 

1. Day: Heating __ Cooling __ 

2. Night: Heating __ Cooling __ . 

27. If your heating system is a non-central forced-air furnace, do you heat 
only a portion or maintain different temperature levels in your home? 

If so explain: 

28. Age of the Home. ____ _ 

1. Less than five years. 
2. Five to tO years. 
3. Over 10 years. 

Qk1anoma Slate Coooe•a11ve E,ctens•OI" Service dOes not C!!scrtm1na1e because ot race. co!O•. or naf1ona1 oru;i1n tn its progr;1ms and actrv,:1es. and is a11 PoQuar oooortur,1ty &moloyer Issued 1n 
tunnerance of Coooe•ahe E,cter.s on wor'<.. A.els ot May 8 and Jur,e 30. 1914 1n coooera11on w1tti !he Li S Deoartme,nt of Aar1cu1ture. C11ar1es B Brown<',q. 01rec!o~ o! Co:,oerat,ve Extension 
Serv,ce O•.id~·oma State U'11vers,ry. S!,i!waie1 oi..,anorna Thrs oub11ca11on ,s pr1n1ed and issued by 0...lal'IOma State Un,ve•s~rv as autnvrrzed by tr.e Dean of the 01111s1on or Agriculture ana nas 
bee" oreoareo aro C·s!·:bureo et c1 cost 01 $1 800 00 for 108.000 co01es 
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TWO STORY AND SPLIT LEVEL RESIDENTIAL ENERGY AUDIT 
In Coordination with the Oklahoma Department of Energy and the OSU Agricultural Engineering Department 

Cooperative Extension Service • Division of Agricullure • Oklahoma State Universlly 

HOMEOWNERS NAME IT] 

HOMEOWNERS ADDRESS ~ 
@] 

RETURN NAME ~ 
RETURN ADDRESS 00 

[!] 

Wherenumberedchoicesa,aavailable, choosetheanswerthatbestdescribes your home and write the number on the coflesponding tine. 

1. County where the house is located. ill 
2. Total square feet living area. [!] 

3. What is the roof color? 
___ [!] 

1. Dark 
2. Light (or wood shingles) 

4. Square feet ceiling area of your home? @J 
(Do not include ceiling areas under 
conditioned spaces) 

5. A-Value lor yo•Jr ceiling area. ffiJ 
6. 

A. Square feet floor area of your home? (Enter O for items that do not 

apply) 
~ 1 . Concrete slab-on-grade ----

2. Suspended frame floor over crawl space @] 
3. Suspended frame floor over basement ---~ 
4. Suspended frame floor over garage ---~ 
5. Suspended frame floor over carport 

@! or other open space 

8. What level of insulation do the above floor areas comain? 

1. Concrete slab-on-grade 

1. Insulated } 
ffil 

2. Not insulatl!d._ ___ _ 

2. Suspended frame floor over crawl space R = ~ 
3. Suspended frame floor over basement A= ~ 
4. Suspended frame floor over garage R = ----~ 
5. Suspended frame floor over 

carport or other open space R=-----~ 

C. If your home has a suspended fraJl!I floor over 
a garage, do you use supplemental heal 

7. 

8. 

In the garage? 

1. Ye"-----

2.Nu_ ___ _ 

O. If your home has a basemem, is ii 
1. Heate,., ____ _ 

2. Unheate.._ ___ _ 

Where are the air supply ducts for your 
heating and cooling system located? 

1. No duct system 
2. In concrete slab floor 
3. In attic space 
4. Unaer &uspended frame floor 
5. Within conditioned space 

If a duct system is present what 
type ot insulation is used for ii? (If no duct 
system is present leave blank.) 

1. Ducts not insulated 
2. 1" duct insulation 
3. 2" duct insulation 

9. Complete the following for exterior doors. 
(Treat sliding glass doors as windows. l 
1 . Door area without storms (sq ft) 
2. Door A-Value without storms 

(See insulation table) 
3. Door area with storms (sq ft) 
4. Door R· Value with storms 

(See insulation tablel 

----~ 

---~ 
---~ 
---~ __ @!! 



10. Complete the following for your windows. 
(Treat completeiy shaded windows as north windows.) 

Slngl1 Glazed 
Slngll Gluod With Storms or 

_ No Storm -~~!!md 
(Ill RI (Sq ft) 

Sautll 

...... 
1111 

Wiii 

__ eg __ ~ 

--~---~ 
·--~ ~ 
--~ ~ 

11. Perimeter length of home. 

12. Total exterior wall area 
not including window or door area. (Sq Ft) 

13. Type wall construction. 
1. Brick veneer 
2. Frame 
3. Masonry 

14. R-Vaiue of exterior walls. 

15. If home has knee-walls (walls 
adjacent to an arJc-space) what 
is the knee wall area? (Sq Ft) 

16. If home has knee wa!ls. what 
level of insulation is present? R~ 

17. Estimate the infiltration 
characteristics. 
1. Good condition - Tight fitting windows 

and doors, caulked 
and weatherstripped 

2. Fair condition - Average fit, 
partially caulked 
and weatherstripped 

3. Poor conditlor - No caulking 
or weatherstripping 

18. Type healing system. 

1. Natural gas 
2. <'ropane 
3. Electric 
4. 'Heat pump 

Comments: ___ _ 

Doubl1 Gl111d 
With Slorm, or 

.]rle!!Jl!~~ 
jSq Fii 

---~ ___ e! 
__ l!g 
___ l!!I 
__ Jg 

___ lg 

--~ 

--~ 

---~ 

----·~ 

19. Is home air conditioned? 

1. Yes (Central forced air ) 
· 2. Yes· (Window units) 

---~ 

20. Answer the question that applies to heating system about rates during 
the heating season. 

1. Average price of natural gas. S/MCF. 
2. Average price of propane, $/gallon. 
3. Average price of electricity, $,KWH. 

21. Average price of electricity during 
the cooling season. II not air con-
ditloned leave blank. 

22. How many people live in home? 
23. Thermostat temperature 

Day: Heating __ 

Night: Heating __ 

24. Do you wish a water heater analysis? 

1. Yes 
2. No 

25. Type of water heater. 

Gas 
Electric 

26. Water heater location 

t.. ConditioneJ space 
2. Uncondl!loned space 

--1 ·---,~ 
-~ 

---~ 
Cooling __ 
Cooling __ 

_ _.fill 

27. If your heating system Is a non-central forced-air furnace, do you heat 
only a portion or m2in:ain different temperature levels in your home? 

If so explain: --------

28. Age of the Home ___ _ 

1. Less than five years. 
2. Five to 10 years. 
3. Over 10 years. 

Oklanoma Slate CooPt?rative E•~nsion Serv1r.e docs nol d•scr,m1na•e t!'!Cause of race. coior o· nal1onal or,g1n 1n 1ls p•ograms and acl1v,1ies. and ,i; ar, eoual 1,rit-.Ortu,,1ty err.r,layer lo;sued ,f' 

furtherance of Coope•n!,v"e E-.1cr.s,ur, work, .Acls cl Moy 8 and June JO. 1 !)14 1f'I cooµcraMn w,lh ll"e US Depa•!mi:mt of AQ•,cui:ure. Cl"arlP.s B Bro.,..n,ng C '•..'c:o, of Coocc•al,,..c E~ren•,,on 
Service. Okl3homa Stare Un,vcrs,ty. 511•1.vafer ()k:ahoma Tri·~ ~ub••ca!ron •sprinted and .s:.11t:C:1 by Ok1anorna S:a1e Uni,1er!'.1lt as a\...thor,.:ed by 11,e Dean 01 ;~,e D v•'>·Ori of A.gr·cu·llore a"O .,,=.s 
been prepared and a,str,bufcd al a cost ol S1 .000 00 ror 58.000 copies Oi80 
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R-VALUES FOR RESIDENTIAL CONSTRUCTION MATERIALS 
In Cocrdination with the Oklaho.Tia Oeoartment of Energy and the OSU Agricultural Engineering Department 

Fiberglass 

Rock Wool 

Fiberglass 

Rock Wool 

Cooperative Extension Service • Division of Agriculture • Oklahoma State University 

INSULATION R-VALUES 

Insulation A-values are normally given as a value per inch of thickness. To 
obtain total insulation A-values, multiply the insulation thickness in inches by the 
R·value factor given in the following table. 

Batts 3.1/inch Cellulose Loss'Fill 3.7/inch 

Batts 3.7/inch Polystyrene 5.0/inch 

Loose Fill 2.2/inch Urea-Fo:maldehyde 4.3/inr.:h 

Loose Fill 2.8/inch Vermiculite 2.2/inch 

BASIC CONSTRUCTION MATERIALS 

A-values of construction material are normally given for specific thickness. The 
following table contains some of the commonly used materials. 

Gypsum Board Plywood 
(~•) inch) 0.32 (V2 inch) 0.62 

Gypsum Board Particle Board 
(V2 inch) 0.45 (5/s inch) 0.82 

Plywood (V. inch) 0.31 Soft Wood (1 inch) 1,25' 

Plywood (3,i, inch) 0.47 Hard Wood (1 inch) 0.91 

Concrete Block Conrete 
(8 inch) 1.89 (1 inch) 0.19 

Lightweight Block Common Brick 
(8 inch) 3.03 (4 inch) 0.44 

Lightweight Block Wood siding 0.80 

(8 inch Cores filled) 5.88 

MISCELLANEOUS MATERIALS 

Doors Windows Single 

( 1 1/2 hollow core) 2.05 Glazed 0.89 

Doors Windows 

(Core filled) 6.25 (double glass) 1.79 

Storm Door 1.00 Windows (Triple) 2.67 
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SAMPLE CALCULATION PROCEDURES 

The following drawing represents a typical single story home which is to be audited. 

i--------------55"-------------... 

r 3'X3' 
WINDOW 

"11> 
3'X3' "' 

i 
WINDOW 

4'X!!' 'SX7' 
WINDOW DOOR 

33' 

" +E 
1. Calculation of living area: To calculate the total living 

area, it is usually easier to break the home into rectangular 
areas. This has been done in the drawing. To determine 
the area in sqoare feet. multiply length in feet by the width 
in feet. In the example home, the areas are calculated as 
follows. 

Area 1 • 28' x 22' 

Area 2 • 33' x 25' 
TOTAL 

616 

825 
1,441 sq. ft. 

2. Calculation of perimeter length: Perimeter length is the 
total linear distance around the perimeter of the heated 
portion of the home. Simply add the lengths of various 
sections to obtain the total perimeter length. 

Perimeter length = 55 + 25 + 33 + 3 + 22 + 28 = 166 It. 

3. Window area: Total window area on each side of the 
home must be calculated. Add the area of each window 
for each side of the home. In the example, you will notice 
that each side contains only one window. When calculat· 
ing window area, make sure you distinguish between 
types of windows. For example, storm "window area 
should not be added to single pane windows even though 
they may be on the same side of the home. 

South window area 4' x s· 20 sq. ft. 

North window area 3' x 3' 9 sq. fl. 

East window area 

West window area 

3' x3' 

3' x 4' 

TOTAL= 

9 sq. ft. 

.!.? sq. fl. 

50 sq. ft. 

3'X7' 
DOOR 

3'X4' 
Wl~lOOW a, 

"' 

4. Exterior door area calculations: Exterior door areas 
must be obtained for both regular door and doors with 
storm door additions. In the example, all doors are regu­
lar. However, doors which open into enclosed spaces 
such as garages should be counted as storm doors. 

' Regular door area = (3' x 1') + (3' x 7') 
= 42 sq. ft. 

Storm.door area 3' x 7' = 21 sq. ft. 

TOTAL = 63 sq. ft 

5. Net wall area calculations: To calculate wall area, multi­
ply the wall height 1. usually 8 feet) by the perimeter length. 
This gives total wai! area. To determine net wall area, total 
window area and door area must be subtracted. 

Total wall area 

Net wall area 

166' x 8' = 1,328 sq. ft 

1,326 - 50 - 63 = 1,215 sq:ft. 

Oilia.homa $ta!e Coooe::at1ve Ertens1on -5er.,,ce cJoos not !llscr1rncnar1 t>eeause ot race. color. or nat,onar or1g,ri 1n 1IS programs and acfl',1,f,es. and is an eQual oppOrtunity employer luued ,n 
turir-.e•:i..-.," 01 Coooe•ah·e E•lens,,?1" won ~c:s of M .. w a arici June 30. 19U in coooe•a1,o,, w,:h me US Oeo.art~t ot A9•,cu1tu,e, Ch.311es 9 81owrw·•9 i::,rec1or of Coope·a1·1;e £,ctension 
5e .... ,ce o-.·a"'0rna Si.'.lte uri1ve•s,11i Sl,i,"W.dte• o-.:ahCrna T"',·S oubt,ca1'°"' ,s prontecl ario ,ssuea oy Ok1anoma $fate UnrverS'ly as aulhOme:l by trie Dean ol !he Orv1s,on ol Ag.ricutture aM has 
O@er preoareo aria ,1ts1, .outed al a cos: of $600 00 tor 25.000 copies 0780 
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tH OKLAHONA COOPERATIVE EXTENSION SERVICE RESIDENTIAL ENERGY ANALYSIS ttt 

THIS ANALYSIS PREPARED FDR: THE FOLLDIIIN6 ANALYSIS IS BASED ON: 
EIAIIPLE 

ACTUAL HEATING FUEL PRICE S5.00/~CF 

ACTUAL COOLIN& FUEL PRICE SO. 0600/KllH 

AVERAGE HEATING DEGREE DAYS 3631 

AYERASE COOLIN& HOURS 1510 

H HOftE ENERGY ANALYSIS BASED ON PRESENT THERNAL EFFICIENCY 1t 

HEATING COST COOLIN& COST TDTAL COST 
FOR THERNOSTAT SETTINGS: FOR THERNOSTAT SETTINGS: FOR THmOSTAT 

SETTINSS 
ITEII 66 72 78 72 76 80 m-72 SUN-i6 

CEILIN& INSUL <R=t2. 91 $25.39 $30,30 $35.21 $39.26 S33.8S $28.43 $64.15 

DOORS ( NORNALI $4.27 $5,10 S5.92 S4.Slt Sl.9l $3.30 $9.03 

DOORS !STORNl S2.S7 Sl,4l $3.98 Sl.06 S2.64 $2,22 $6.07 

FLOOR INSUL <BASN R= O.Ol $27.49 m.80 Sl8.12 so.oo so.oo S0.00 m.ao 

INFILTRATION !AVG! S6S,43 S8l.1,6 m.s8 $30.87 $26,61 $22.35 SIOB.27 

NISCELLANEDUS UB.47 $22.04 S25.61 m.22 $26.06 S21,S9 $48.09 

SUP, DUCTS (0 IN INS> S72.39 $81,,39 $100.38 $84.16 m.!5 $60. 94 ms. 94 

WALL !NSUL (R= O. 01 $184.44 $220,10 s.55.75 $196.76 Sl69.62 S\42.48 $389. 72 

MINDOIIS !DOUBLE! m.01 $58.55 $68.04 Sllli.06 SI00.05 $84,04 SlSB.40 

TOTALS $452.82 $540.36 $627. 90 SS04. 95 ms.Jo $365.1,5 mS.66 
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HI OY.LAHONA COOPERATIVE EXTENSION SEF.VICE RESlDE.~Tl,;L ENERGY ANALYSIS m 

ff HOl1E ENERSY ANALYSIS BASED ON INPROVED THERNAL EFFICIENCY u 

HEA TINS COST C1JCLIN6 COST TOTAL COST 
FOR THER"OSTAT SETTINGS: FOR THERftOSTAT SETTIN6S: FOR THERNOSTAT 

SETTINGS 
ITEi! l,I, 72 78 n 76 80 m-12 5UN·i6 

CEILING INSUL !R=30.0l $12.45 $14.86 m.26 $19.25 $16,59 $13,94 $31.45 

DOORS (STORftl SS.74 Sa.SS $7,9& $6, 13 SS.28 $4.H $12,13 

FLOOR !NSUL (BASN R=l9.0l $4,38 $5.23 Sb.07 so.oo so. 00 $0.00 SS.23 

INFILTRATION (MIN) SS0.15 $59,84 $69.54 $23.19 m.99 m.79 m.a4 

NlSCELLANEOUS $7.20 $8.59 $9. 98 m.22 m.oa $21.89 $34.i,4 

SUPPLY DUCTS (2 IN INS! $15.39 SIB.3a $21.34 $22. 91 $19.75 $16.59 $38, ll 

WALL !NSUL (R=l9.0l m.02 S3B.:S m.48 m.22 $29, so m.1s m.1s 

WINDOWS <DOUBLE l $49.07 $58.55 $1,8, 04 $116,06 $100.05 m.o4 $158.aO 

TOTALS ma.IS $210.55 S244.i,i, $251. 97 $217 .22 $182.46 $427.77 



t++ OKLnHONA COOPERATIVE EX7EN3lml SERVICE RESIDENTIAL ENERGY ANALYSIS Hf 

?QTENTIAL SAVINSS THAT CAN BE ACHIEVED BY INCREASING THE THERNAL 
EFFICIENCY OF YOUR HONE TO THE RECOHNENDED LEVELS, 

PERCENT ENERGY AIINUAL DOLLAR 
!TEI! REDUCTION SAYINGSi 

CEILING 3.7 m.10 

DOORS 0.3 $2.96 

FLOOR tBASENENT> 3.S m.se 

INFILTRATION 3.5 $28.43 fl 

SUPPLY DUCTS 14,0 $120.83 

WALLS 37.4 $321.94 

WINDOWS o.o $0.00 

TOTALS 62. 4 $534. 44 

DOLLARS THAT CAN BE INVESTED TO INCREASE THE THERNAL EFFICIEHCY OF YOUR HOIIE TD THE RECONNENDED 
LEVELS BASED ON ABOVE DOLLAR SAVINGS SHOWN. m 

PAY-BACK PERIOD PAY-BACK PERIOD PAY-BACK PERIOD 
!TEI! YRS 7 YRS 10 YRS 

CEILING mus $206.32 $291.01 

DOORS $13.50 $18.67 $26.34 

FLOOR (BASENENTI U25.SI H74.0I $245.43 

INFILTRATION $129,71 $179,39 $253.02 

SUPPLY DUCTS $551.24 $762.38 H,075.31 

WALLS H,468.71 $2,031.28 $2,,aS.06 

WINDOWS $0,00 $0.00 so.oo 

t BASED ON CURRENT FUEL PRICES. 
ft A PORTION OF INFILTRATION SAVINGS rs ATTRIBUTED TO STORII WINDOWS. 

m BASED ON FUEL PRICE ESCALATION RATE OF !OI PER YEAR AIID AN INTEREST RATE OF 6I PER YEAR 
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H INPUT PARAIIETERS H 

HEATIN6 svsm NATURAL SAS 

NO. OF OCCUPANTS 3 

CEILIN6 AREA 1000 SQ FT 

WALL AREA 1769 SQ FT 

KNEE-WALL AREA O SQ FT 

PERIIIETER LEMSTH 127 FT 

DOOR AREA 

RESULAR 21 SQ FT 

ST ORN 21 SQ FT 

SINSLE BLAZED SINGLE BLAZED NITH DOUBLE BLAZED MITH 
VINDDNS NO STORIIS STORIIS OR DOUBLE GLAZED STDRIIS DR TRIPLE GLAZED 

-----------
SOUTH O SQ FT 50 SQ FT O SQ FT 

NORTH O SQ FT 50 SQ FT O SQ FT 

EAST O SQ FT :O SQ FT O SQ FT 

~EST O SQ FT 50 SQ FT O SQ FT 

TOTAL O SQ FT 200 SQ FT O SQ FT 



MATER 
TElll'F.RATURE, F 

1:ZO 

1'30 

140 

150 

tH OKLAHO"A COOPERmVE EITENSIGN SERVICE RESIDENTI~L ENcF:51 ~t:Aum Hf 

H SAS WATER HEATER ANALYSIS n 

SAVINSS DUE 
ANNUAL ANNUAL l10NTHLY TD I NSULA TI DN WRAP 

EHER&Y USE, "CF WATER HEATIN& COST MATER HEATIN& COST R-3 R-7 

23 S112.62 S11;39 $14,71 $2o.:i9 

26 m1.J1 $10.94 $17.65 m.11 

30 $149,99 $12,50 $20.59 $28.83 

34 $168.68 $14.06 m.s:s $32.95 

ANALYSIS BASED ON AN AVERAGE DAILY HOT WATER USE OF 55 &ALLONS, 

H CENTRAL AIR CONDITIDNIN& REPLACEIIENT ANALYSIS H 

ANNUAL SAVINGS AT END OF: YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 

$167.59 sm.~ $202.79 $223,06 $245.37 

ANALYSIS BASED ON EER 6.5 FOR PRESENT UNIT AND 10.0 FOR REPLACEMENT UNIT. 

THIS CDKPUTERIZEJI HOKE ENER&Y AUDIT WAS DEVaDPEll BY OKLAHO!IA COOPERATIVE ElTENSION SERVICE 
A&RICUL TURAL ENSINWS AT OKLAHDIIA STATE U.NIVERSITY 
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