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As energy prices continue to rise, many consumers and utilities are looking for 

ways to cut back on costs. By reducing total household energy consumption, utilities and 

consumers alike can simultaneously reduce spending and help protect the environment by 

offsetting potentially destructive power plants from being built, consuming less energy, 

and reducing the rising energy demand. It has been found that low-income households, 

on average, spend a disproportionate amount of their income on the costs of utilities, 

electricity in particular. Gainesville Regional Utilities (GRU) has studied their billing 

records and has found that some low-income households actually consume more energy 

than the average GRU customer.  This thesis sets out to determine the factors that may 

contribute to this high energy use and identify if occupant behavior is a primary issue 

when dealing with household energy performance. Upon analysis of data, possible 

methods of implementing appropriate energy efficiency educational services for these 

low- and fixed-income utility customers will also be identified. 
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CHAPTER 1 
INTRODUCTION 

Statement of the Problem 

It has been found that low-income households (according to HUD low-income 

limits), on average, spend a disproportionate amount of their income on the costs of 

utilities, electricity in particular. Gainesville Regional Utilities has studied their billing 

records and has found that some low-income households consume disproportionately 

higher amounts of energy than the average GRU customer. 

Objective of Study 

The purpose of this study was to determine the factors that cause these low-income 

households to have such a high energy intensity. The goal of the research also set out to 

identify factors that cause some low-income households to demand significantly less 

energy per square foot than others. It was concluded that the causes would most likely be 

a combination of both physical characteristics of the home and behavioral factors relating 

to energy usage in the home. This research aims to determine the specific role and 

significance of occupant behavior within this equation. Once the role of occupant 

behavior is established, demand-side management programs can be created to cater to the 

specific needs of the community through educational programs, federally funded projects, 

or rebate programs. From the collected data, suggestions as to the focus of these 

programs will be conveyed and will serve to better equip the programs to be effective and 

successful to both the community and the utility. 
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Hypothesis Statement 

The role of occupant behavior in low income households with high energy intensity 

is significant and requires demand-side management programs that accommodate 

behavior-related factors. 

Research Methodology 

In beginning the research necessary for this study, a literature review was 

conducted and completed. Upon completion, a survey instrument was created in 

conjunction with a research project headed by Gainesville Regional Utilities (GRU) 

which was already in progress. The sample size of this section of the research was 

determined, mapped out within the city, and sent preliminary surveys to determine 

household eligibility, based on energy consumption and income level. Eligibility based 

on income level was determined by HUD 2005 Gainesville, Florida, MSA Low Income 

Criteria.  Once eligibility was determined, appointments were scheduled to allow for an 

in-home energy audit, completed by a GRU Conservation Analyst, and an in-home 

survey, administered by a graduate student from the University of Florida. Upon 

completion of the appropriate surveys and collection of data, results were combined and 

analyzed. From these results, energy consumption issues related to occupant behavior 

became apparent. In analyzing the sample population and its response to various issues 

relating to household energy consumption, procedures for creating more targeted and 

successful demand-side management programs can be realized and implemented. 
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CHAPTER 2 
LITERATURE REVIEW 

Introduction 

In determining if occupant behavior had a significant role in the occurrence of high 

energy intensity in low-income households, it was logical that the driving force behind 

this study and many other similar studies be researched and evaluated.  This driving force 

was identified as Demand-Side Management (DSM) programs which aim to discover 

sources of high energy consumption and develop solutions to lower total energy 

consumption and benefiting both the energy supplier and consumer. By lowering the total 

energy consumption, the energy supplier can lower peak demand and offset costs 

associated with generating more energy capacity needed to meet higher demands. In the 

sections that follow, the history of DSM programs are discussed as well as the typical 

program design and implementation techniques.  The effectiveness of the programs, the 

potential role of consumer behavior in these programs, and program trends and successes 

are also offered.   This information is followed by case studies of DSM programs in 

utility companies. 

History of Utility Demand-Side Management 

Demand-side management programs originated nationwide in the late 1980s and 

early 1990s as the need arose to meet the nation’s ever-growing electricity demand 

(Peach, 1991).  According to the Department of Energy (DOE) in 1991, the nation would 

require over 100 new large power plants to meet the electricity demand in 2000, which 

was estimated to increase at a rate of up to 2.4 percent annually from 1991 through 2000 
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(p. 2).  Utility companies responded to the anticipated need for generating greater 

capacity with demand-side management programs, which promoted more efficient 

electricity use and would aid in the avoidance of many environmental and cost concerns 

that might be associated with building new power plants (p. 2).  Electric utility DSM 

programs were initially implemented to modify customer load profiles with the goals of 

peak load reduction, load shape flexibility, and increasing total electricity sales through 

the shifting of consumption from peak to off-peak hours of usage (Donald, 1997).  These 

DSM programs encouraged electricity consumers to take action in using less electricity 

by replacing older and inefficient appliances with more efficient models, as well as better 

insulating their residences and businesses (Peach, 1991).  In theory, the energy saved 

from decreased consumption would be available to satisfy any new electricity demand, 

therefore, prolonging or eliminating the need for new power plants (p. 2).  Utilities and 

regulators in nine states, which represented over 33 percent of U.S. electricity 

consumption, estimated that the implementation of DSM programs would eliminate up to 

15 percent of the total electricity demand, which in effect is anticipated to reduce the 

additional demand that is expected in a particular year by 61 percent (p. 2).  In other areas 

of the country however, demand-side management programs are expected to avoid over 

50 percent of the growth in demand of electricity (p. 2).   

 Utility companies are comprised of public and private utilities (p. 8).  Public 

utilities also encompass cooperatives and account for about one-fifth the sales to 

customers, while the private utilities, also known as investor-owned utilities, consist of 

about 270 companies.  These private utilities supply the remaining 80 percent of needed 

power (p. 8).  Usually these utility companies are given a particular geographical area in 
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which they are the only power supplier and must provide service to all customers in that 

area (p. 8).  Public utilities, regarding required rates, are not regulated by state 

commissions, as they are owned by the ratepayers, but private utilities are always 

regulated by these state commissions (p. 8).  State regulatory commissions are the bodies 

that set the retail electricity rates that the consumers must pay based on a particular 

revenue requirement (p. 8).  This is determined through an estimation of the amount of 

revenue a certain utility would require to meet all of its expected costs while also earning 

a rate of return on the investment (p. 8).  At the federal level, the Federal Energy 

Regulatory Commission controls all wholesale electricity rates and all interstate power 

sales (p. 8).  The Department of Energy’s power marketing administrations, which are 

composed of the Alaska, Bonneville, Southeastern, Southwestern, and Western Area 

Power Administrations, in conjunction with the Tennessee Valley Authority sell power 

from federally owned generating plants to customer utilities at wholesale rates (p. 9).  

The public utilities have priority over the private utilities for all power purchases from 

federal agencies (p. 9).     

The expected constant increase in demand for electricity will require these 

companies to create a larger generating capacity to fulfill the expected need.  However, 

according to the Department of Energy in 1990, utilities only planned to build enough 

new power plants to cover 25 percent of the estimated megawatts of electricity needed by 

2000 (p. 9).  In response to this, the North American Electricity Reliability Council 

suggests that the remaining three-quarters of new demand be met from alternate sources 

of electricity such as pumped storage, hydropower, and new natural gas, coal, utility-

owned oil, and nuclear power plants (p. 9).  Any remaining demand that is not met could 
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be supplied by non-utility generators (p. 9).  These estimates are extremely optimistic as 

in 1990, only 37 percent of the expected additions were actually in the construction 

process (p. 9).  Of those, only two-thirds were over half completed (p. 9).  As the 

planning, construction, and licensing of large power plants requires about 10 years of 

time, and with current fear of the long term environmental consequences of new power 

plants and the need for generating electricity, the option of creating several new power 

plants seems unrealistic.   

Demand-Side Management Technologies 

The technological aspect of DSM programs can be beneficial to the success of the 

demand management process.  Studies completed by the Electric Power Research 

Institute (EPRI) and the Rocky Mountain Institute suggested that with current 

technological advances that increase efficiency, reductions in electricity demand could 

reach between 24 and 75 percent (p. 10).  This percentage does not reflect DSM 

programs alone but instead signify the potential savings that could be possible if all 

available technologies were adopted (p. 11).  The researchers deducted that this reduction 

in electricity demand, which is equally distributed among commercial, industrial, and 

residential sectors, could take place if customers simply replaced the current and less 

efficient technologies with newer, more efficient ones (p. 11).   However, there are some 

impediments to this suggestion as EPRI stated that “Only a fraction of the efficient 

technologies will be cost-effective at current prices of electricity and end-use equipment, 

and not all customers will implement these cost-effective actions” (p. 12).  Researchers at 

the Rocky Mountain Institute suggested that if the country retrofits its capital stock and 

implements 1,000 new electricity-saving technologies, which is currently feasible, the 

savings potential could reach 75 percent of present power use (p. 12).  The nation has 
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many opportunities for reducing energy consumption, the most substantial being in 

heating and cooling, motor usage, lighting, and refrigeration equipment (p. 10).  For 

example, incandescent light bulbs could be replaced with compact fluorescent bulbs 

which produce the same amount of light and use only 25 percent of the electricity of 

incandescent bulbs (p. 10).  As lighting represents one-fourth of the total electricity usage 

in the United States, this simple change could have profound effects (p.10).   

Effectiveness of Demand-Side Management Programs 

As billions of dollars were being spent every year on demand-side management 

programs, there was a heavy debate between the money spent for these programs and 

their relation to performance in reducing energy costs by shifting peak loads and 

decreasing individual consumption (Sonnenblick, 1994).  A project submitted by the 

Database on Energy Efficiency Programs (DEEP) aims at settling this debate in terms if 

economic feasibility (p. 1).  DEEP set out to document the measured cost and 

performance of utility-sponsored energy efficiency DSM programs and made adjustments 

to standardize DSM programs (p. 1).  When twenty commercial lighting companies were 

observed, all twenty programs were judged cost effective when compared to avoided 

costs in their local areas (p.1).  This is precisely what attracts utilities to demand-side 

management programs. 

In promoting efficiency in electrical usage, utilities support installing new and 

more efficient technologies, providing valuable information to consumers about benefits 

and opportunities of being more economical in energy consumption, and rebating or 

subsidizing the installation costs or purchases of newer and more efficient technologies 

(Peach, 1991).  Improving the economic efficiency by investing in less costly resources 

to attain the same level of benefits is another benefit provided by DSM programs (p. 12).  
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These programs were intended to be cost-effective and when implemented successfully, 

create a situation in which it is cheaper to conserve a kilowatt-hour than to generate one 

using other resources such as oil, coal, or nuclear energy (p. 12).  The environment was 

another benefactor of properly executed DSM programs as less electricity usage creates 

fewer pollutants that are released into the atmosphere.  As the burning of fossil fuels, 

mainly oil, natural gas, and coal, account for over two-thirds of all energy created in this 

country, the generation of electricity contributes to over 65 percent of the sulfur dioxide, 

and over 30 percent of both the nitrogen oxide and carbon dioxide that is emitted into the 

environment (p.12).  These pollutants have been linked to global warming and other 

hazardous conditions, such as acid rain, so a reduction in the total amount of these gases 

that are emitted is vital to the survival of our atmosphere and planet.   

DSM programs may also eliminate the need for the utility to invest in more 

generating capacity by building new power plants (p. 13).  When the programs have been 

proven cost-effective, the amount of current generating capacity higher than a utility’s 

normal requirements is minor and therefore, the need to create additional generating 

capacity is removed (p. 12).  The economic viability of DSM programs greatly depends 

on whether or not it can alleviate the need to construct new capacity to meet demand (p. 

13).  DSM programs aim to satisfy the system growth needs and not displace the existing 

power generating plants (p.19).  These program savings may not offset operating costs 

alone and utilities could be reluctant to idle any existing capacity as this could potentially 

decrease the “rate base” on which the utility earns its financial returns (p.19).  It makes 

more economical sense to bypass new plant construction in favor of utilizing current 

excess capacity and lowering consumption across the board.  This factor is one of the first 
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that is observed when deciding whether or not to implement a DSM program that will 

benefit a specific utility.   

To aid in minimizing the effects of barriers to DSM programs, many federal laws 

were enacted to promote such efficient electricity use (Peach, 1991).  The National 

Appliance Energy Conservation Act of 1987 (P.L. 100-12) created efficiency standards 

and labeling requirements for 13 types of home appliances while the Hoover Power Plant 

Act of 1984 (P.L. 98-381) requires the Western Area Power Administration to introduce 

new provisions into its sales contracts which demand all customer utilities to employ 

conservation programs (p. 10).  The Energy Conservation and Production Act (P.L. 94-

385) approved federal financial assistance for any implementation of all efficiency 

improvements in existing buildings and industrial plants (p.10).  The Act also 

incorporated provisions that will establish efficiency standards for all buildings that 

receive this financial aid (p. 10).  The National Energy Conservation Policy Act (P.L. 95-

619) authorized federal financial assistance for any installation of efficiency and 

conservation measures in hospitals and schools, and also aided in financing state energy 

conservation plans (p. 10).  

The goal of increased efficiency has met some challenges which have impeded the 

overall success of DSM programs.  The majority of electric rates are normally based on 

average production costs rather than the marginal production costs associated with new 

capacity, which are commonly higher costs (p.4).  These rates also do not include other 

costs of producing electricity such as environmental and societal costs, which may prove 

of greater importance in some areas.  The current regulatory practices may also assist in 

negating the positive effects of DSM programs.  These conventional approaches associate 
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the revenues and profits of utilities directly with the electricity sales and therefore, 

provide very little incentive for utilities to implement DSM programs (p. 4).  If utilities 

within the scope of these practices decided to initiate DSM programs, electricity sales 

may be decreased which would in turn also decrease profits earned.  In addition to the 

possibility of reduced profits, there is little incentive for utilities to reduce the existing 

energy demand as doing so may idle some of the capacity that has already incurred great 

capital costs (p. 4).  From an economic standpoint, utilizing DSM programs may only be 

practical if they substitute for the additional generating capacity in lieu of simply 

substituting for the increased use of existing generating facilities (p. 4).   

In the utility sector there is uncertainty about the overall effectiveness of DSM 

programs, which lessens the rate of implementation of many of the programs.  This 

uncertainty stems from the fact that accurately estimating and measuring the net 

reduction in demand due to DSM programs can be difficult (p. 4).  This difficulty is 

apparent as these programs may cause unintended changes in demand due to the 

consumers’ behaviors.  The level of demand that would exist without the programs 

implementation is also uncertain (p. 4).  Evidence confirming the accuracy of estimates 

of demand reduction due to DSM programs is needed as without it, utilities would view 

the majority of DSM programs as too risky an option (p. 28).   

There are two main reasons that account for the difficulty in measuring energy 

savings from DSM programs (p. 28).  The first reason suggests that energy savings must 

be estimated, as these savings cannot be directly observed, and are therefore susceptible 

to error as is evident with all estimating methods.  The second reason is that these 

estimates depend greatly on the analysts’ ability to measure and predict human behavior, 
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an undertaking that has great uncertainties (p. 28).  There is an assortment of techniques 

that have been implemented by utilities to more accurately measure electricity saved 

through the use of DSM programs.  These techniques include monitoring electricity use 

for selected customers before and after participation in a DSM program, estimating the 

energy saving effect per installation of various energy-efficient devices, and comparing 

the electricity use of sample groups of participants and non-participants of DSM 

programs (p. 28).  These techniques are still subject to estimating errors, however their 

variety allows for a greater representation of the total energy savings contributed to DSM 

programs. 

Human responses to DSM programs are also very difficult to assess and predict.  

Utilities and regulators must take many factors into account when determining expected 

savings, and must take measures to ensure that they are not attributing too great a level of 

energy savings to a particular DSM program.  The utilities and regulators must account 

for the potential of “free riders” or people who would have purchased an energy efficient 

device or practiced energy conservation techniques regardless of existence of a utility 

sponsored DSM program (p. 29).  Researchers believe free riders can account for 40 to 

89 percent of the participants in any given DSM program in extreme cases (p. 29).  

However, it is extremely difficult to identify, as well as quantify, such persons in a 

participant group.  For example, if free rider estimates are not accurate and regulators 

have approved financial returns to utilities on the basis of energy savings attributed to a 

DSM program, financial returns to the utility would also be inaccurate (p. 29).  

Regulators and utilities alike are concerned about the accuracy of DSM savings 

estimates.  Regulators must have confidence that expected energy savings of a proposed 
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DSM program are reasonable in order to determine its cost effectiveness and possibly 

approve its implementation (p. 29).  Utilities must rely on the savings estimates to 

determine the amount of additional capacity needed to meet the demand and therefore, 

expect the estimates to be accurate and reliable (p. 29).  For DSM programs to be more 

widely accepted and implemented, measures must be taken to assure utilities and 

regulators that the resulting energy savings estimates are accurate.              

Utility sponsored energy efficiency programs however, are “not too cheap to 

meter” at an average cost of 3.9 cents/kWh (Sonnenblick, 1994).  The results from this 

study emphasized the fact that utilities must take active measures to minimize their DSM 

program costs and rate impacts in order to make them more beneficial and advantageous 

to the utility itself (p. 2).  Researchers have also found that consumers systematically 

underestimate the value of energy-efficient equipment, which may allow utilities to play 

a vital role in terms of alleviating market barriers or imperfections in DSM programs (p. 

2).  This research suggests that the utility industry as a whole must give greater 

consideration to the potential of DSM programs in transforming the market for energy 

efficient equipment and behavior (p. 2). 

The Role of Consumer Behavior in Demand-Side Management Programs 

In research completed by the Oak Ridge National Laboratory, it is evident that 

consumers regularly demand greater rates of return on investments for energy-efficiency 

purposes than on other non-related investments (Peach, 3).  The most common reasons 

that researchers believe some consumers may not choose to invest in more efficient 

devices are a lack of information, a lack of funds, and inadequate marketing channels for 

these devices (p. 4).  Some researchers suggest that consumers may discount expected 

savings from energy-efficiency investments more than they discount expected returns 
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from other investments (p. 21).  It has also been found that consumers do not purchase 

more efficient models of appliances or other devices because they are not aware of the 

potential monetary and electricity savings certain models offer (p. 21).   

Often, electricity-efficient devices, including air conditioners, lights, and kitchen 

appliances, may cost more than their less efficient counterparts.  Rational consumers 

could be willing to purchase these more expensive and energy-efficient devices if these 

devices would save them enough on electricity expenses to compensate for the higher 

initial cost. This could essentially be viewed as an investment with a given rate of return.  

Studies completed by the National Resources Defense Council have found that on 

average, consumers will purchase energy-efficient appliances if the higher initial costs 

can be made up for through reduced monthly electricity bills within 2 years (p.22).  This 

relatively small payback period emphasizes that consumers demand a high rate of return 

on energy-efficiency investments, possibly more so than on other investments (p.22).  

Also, if the consumer’s choice is not between two new appliances but instead between 

keeping an existing, inefficient model and buying a new, more efficient model, the 

payback period may be considered much longer (p.22).  In this case, the consumer may 

view the difference in cost as the full purchase price of the new model, instead of only the 

additional cost of the more efficient model if two new devices were being compared 

(p.22).  The method of repayment to the customer, the relatively small decreases in 

monthly electric bills, may also contribute to the reluctance of consumers to purchase 

more energy-efficient technologies (p.22).  This small amount of savings over time may 

not supply enough incentive for consumers to pay more initially for more efficient 

devices.  
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The residential arrangements of consumers may also affect the rate of energy-

efficient investments.  For example, apartment renters whose electric bills are included in 

the monthly rent or who pay a fixed fee for utilities have almost no incentive to purchase 

efficient technologies.  In this case, these purchases only act as an added cost as the 

resulting decreased electricity consumption and energy savings are never seen by the 

occupant.    

Trends and Success of Demand-Side Management Programs 

To combat the reluctance of consumers to purchase and utilize more energy-

efficient models, some utilities have initiated specific DSM programs aimed at aiding the 

consumer in financing purchases of more efficient appliances and devices (p. 21).  In 

addition, these programs provide consumers with vital information regarding the 

immense benefits, short-term and long-term, of making more energy-efficient purchases 

(p. 21).  The utilities offer financial aid in the form of incentives, such as discounts on 

monthly bills or rebates, when the consumer takes initiative and purchases these more 

energy-efficient devices (p. 4).  Utility companies have also offered to install the 

purchased efficient devices at the homes or businesses of the consumer and provided 

helpful information regarding available energy-efficiency options and various methods to 

lower electric bills, all as part of DSM programs with a goal of decreased energy usage 

(p. 4).  This information can be provided through free energy audits, appliance labels that 

display the appliance’s electricity use, and various mailings to consumers (p. 23). 

State regulators have continued to experiment with nontraditional approaches to the 

regulation process with the aim of overcoming the impediments to implementing DSM 

programs (p. 24).  The regulatory process has been revised in several states to allow rate-

making practices the ability to present the utilities with various DSM incentives (p. 4).  



15 

 

The revision of regulatory processes was made possible by allowing the utilities to collect 

increased revenues which offset lower sales due to DSM programs, as well as allowing 

the utilities to collect a financial return on investments for DSM programs (p. 4).  This 

return may only be applied when the utility demonstrates that it has met its specific 

electricity savings targets for the period (p. 27).  Some states allow the utilities to recover 

the DSM program costs in a way that best fits their needs, such as recovering costs as 

operating expenses on a quarterly basis or by amortizing the costs and recovering them 

over several years (p. 27).  A number of states have acted to price electricity in a manner 

that best reflects the external costs associated with generating that electricity (p. 27).  To 

reflect the environmental costs of removing residual sulfur dioxide from power plant 

emissions, some regulators could add a predetermined amount per kilowatt-hour to the 

estimated cost of electricity from coal-fired power plants (p. 27).  These actions allow 

DSM programs, along with less polluting electricity-generating resources such as 

hydropower and solar energy, to be much more competitive when compared to traditional 

coal-fired power options (p. 27).  Several utilities have also employed electricity rates to 

reflect any increased costs in generating electricity during the peak periods of high 

demand, therefore encouraging customers to consume less energy during those periods, 

further offsetting the need for increased generating capacity (p. 28).   

In dealing with the uncertainty of the actual impact of DSM programs, state 

regulators and utilities have adopted procedures that can better assess, measure, and 

adjust the effects of these programs (p. 5).   As an example, regulators in New York now 

require the utilities to annually adjust the estimates of potential future DSM energy 

savings based on the actual data and experience from the previous year (p. 31).  Other 
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methods include more consistent data collection, adopting measures that allow regulators 

to validate the utilities’ calculations of energy savings, and taking steps to better the 

savings calculation and estimate techniques (p. 30).  In the Northwest, disagreements 

between utilities and regulators on energy savings calculations led to a joint project, 

sponsored by the Bonneville Power Administration and a local environmental group, to 

demonstrate the potential for electricity efficiency (p. 30).  This city-wide test, the Hood 

River Conservation Project, collected actual DSM electricity savings data for energy-

efficient technologies and displayed that “DSM programs sustained for 1 to 3 years or 

more are able to achieve over 80 percent enrollment of eligible customers” (p. 30).  The 

Department of Energy has initiated a utility-funded project to promote consistent 

reporting of DSM electricity savings called the Northeast Demand-Side Management 

Data Exchange (NORDAX) Project (p. 31).  This project assembles information on 

energy savings and program costs for various DSM programs from 123 utilities (p. 31). 

The federal power agencies’ efforts in DSM programs greatly differ, reflecting 

variations in each agency’s authority to encourage efficient use of power and each 

agency’s legislative mandate (p. 5).  This is evidenced by agencies with the most 

extensive conservation programs in the nation, the Bonneville and Western Area Power 

Administrations (p.5).  These agencies have been prompted by laws that allow them link 

their power rates or their power allocations to the customer utilities’ DSM efforts, and 

laws that direct them to promote the efficient use of electricity in particular (p. 5).  On the 

contrary, the authorities of smaller power agencies, such as the Southeastern, 

Southwestern, and Alaska Power Administration, allow them to promote, but not require, 

the implementation of DSM efforts to their customer utilities (p. 5).  According to 
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Department of Energy and power marketing agency officials, these customer utilities are 

often disinclined to implement DSM programs, which is difficult to overcome without 

specific statutory authority to link the power rates or power allocations to the customer 

utilities’ DSM efforts (p. 5).  Perhaps Congress should enact legislation to authorize the 

smaller power agencies to require their customer utilities to implement DSM programs.   

Local DSM Programs in Progress 

Currently, Gainesville Regional Utilities (GRU) is working with the University of 

Florida Program for Resource Efficient Communities (PREC), in collaboration with the 

Institute of Food and Agricultural Sciences (IFAS) Statistical Consulting Unit and the M. 

E. Rinker, Sr. School of Building Construction, on a DEED Grant Award aimed at 

determining the most effective programs that can assist low income customers with 

energy use reduction.  DEED, or the Demonstration of Energy-Efficient Developments, is 

a program that was developed in 1980 by the American Public Power Association with 

the intent to sponsor and conduct activities related to improving efficiencies, energy 

innovation, and lowering the cost of providing energy services to customers of publicly 

owned electric utilities.  DEED offers funding in the form of grants to DEED member 

utilities, scholarships to university students studying energy-related disciplines, and joint 

projects with APPA committees.  APPA is the national service organization whose 

committees consist of community-owned, not-for-profit electric utilities.  This funding is 

awarded for projects and programs that will demonstrate and develop new techniques and 

technologies.   

GRU is a multi-service utility owned by the City of Gainesville, Florida.  It serves 

Gainesville, as well as portions of Alachua County, Florida, with water, electric, 

wastewater, natural gas, and telecommunications services.  The utility also provides the 
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City of Alachua with wholesale power.  GRU is the fifth largest municipal electric utility 

in Florida and employs over 800 employees who assist in providing one or more of the 

available services to approximately 87,000 homes and businesses.  

The goal of this DEED grant is to complete a survey of low income households to 

determine the most effective programs that could be implemented to assist these 

households with reducing their energy use.  The aim is also to determine the main reasons 

that GRU residential low income customers on average have higher energy intensity 

when compared to others.  This will be accomplished by surveying good energy 

performers in the same areas.  A survey instrument will be created, as well as an 

analytical method, to specifically identify and overcome the barriers to delivering energy 

efficient services to low income customers in the most cost effective manner.  After the 

surveys have been designed and completed, the results will aid in developing plans and 

programs to minimize the power demand and energy use of these customers. These plans 

and programs will include detailed timelines, budgets, program descriptions, and 

appropriate measurements of energy use.   

The project applied for and received a DEED grant in 2005, and began in October 

of that year.  The total duration, including a granted extension, will be one calendar year 

with a completion date of October 1, 2006.  GRU worked with PREC and graduate 

students from the M.E. Rinker, Sr. School of Building Construction to develop a survey 

which was completed March 31, 2006.  The survey had many drafts but the final survey 

was approved in early April by the IRB, or the Institutional Review Board of the 

University of Florida.  All parties involved with the actual survey administration and 

collection of data met to collaborate on the best method of delivery.  Two particular 
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attributes of the population of GRU customers motivated the development of this survey. 

In implementing a Graphic Information System (GIS), the highest residential energy 

users within the service area of GRU were identified.  From this first GIS map, another 

map was created to display the energy intensity of each residential dwelling unit that was 

included in the first map (See Appendix A).  The attributes that motivated the survey 

development were revealed when the (GIS) data was combined with the customers’ 

energy use data into one map.  First, many low income customers consume significantly 

more energy per square foot of air-conditioned living space (i.e., their ‘energy intensity’ 

is higher) than high income customers.  Second, although average energy intensity 

among low income households is relatively high, a fair portion of these households 

perform relatively well with respect to energy efficiency (i.e., their energy intensity is 

relatively low).  The survey instrument was designed, with the awareness of the customer 

characteristics, to answer the question: What factors (structural features, demographics, 

behavioral patterns, etc.) cause and/or allow some low-income households to demand 

significantly less energy per square foot than others?   

The identification of the major factors that distinguish low energy intensity, low 

income (‘LL’) households from high energy intensity, low income (‘HL’) households by 

comparing survey responses across these two groups of customers was the main goal of 

this study.  The households were coded as LL if their average monthly energy intensity in 

2005 was less than 454 kWh per 1000 square feet and were coded as HH if their average 

monthly energy intensity in 2005 was greater than 1096 kWh per 1000 square feet.  In 

order to identify factors that are statistically significant at 95% confidence levels, the 

sampling target was to complete 196 surveys of LL households and 196 surveys of HL 
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households.  The survey instrument had two components: 1) a brief mail-administered 

recruiting survey and 2) an in-depth in-home energy survey completed by a GRU 

Conservation Analyst and a trained University of Florida graduate student.   

A random sample population was taken from this second GIS map and was sent 

initial questionnaires to determine the eligibility of these selected customers to participate 

in the survey (See Appendix B).  This recruiting survey was meant to invite randomly 

selected households from both the LL and HL customer populations to participate in the 

in-home energy survey. 

Name

□ 1 □ 2 □ 3 □ 4 □ 5+

□ Under $20,000 □ $20,001 to $25,000 □ $25,001 to $30,000
□ $30,001 to $35,000 □ $35,001 to $40,000 □ $40,001 to $45,000
□ $45,001 to $50,000 □ Over $50,000

□ Natural Gas □ Propane

1000Source Code: 
Thank you for your participation!

4. How long have you and your family been living in this household?  
□ Less than 1 year □ 1-2 years □ 2-4 years □ 4-6 years □ More than 6 years

2.  What is your combined household's annual income before taxes?  (See Box 1 on your W-2 forms)

3.  What type of water heater do you have?
□ Electric □ Other______________________________________

Survey Questionnaire
Instructions for Head of Household: Please complete the survey questions and mail back to GRU in the pre-paid envelope 
provided by February 24, 2006.  Thank you for your participation.

Phone Number (To schedule energy survey)

1.  How many people live in your household? 

 
Figure 2-1: Mail-administered Recruiting Survey 

This initial survey asked for general demographic information of the household, as 

well as willingness to participate in the survey.  This survey was approved on February 7, 

2006, and was sent February 17, 2006, via standard U.S. Mail in the form of the 

recruiting survey with an invitation cover letter signed by the Peegan Hanrahan, the 

Mayor of Gainesville (See Appendix B).  This initial survey was sent to 1000 customers 

(500 HL and 500 LL) and included a “respond by” date of March 3, 2006.  From the 

households that responded to the initial surveys and were considered eligible to 

participate based on income level, telephone calls were made to the respondents in order 
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to schedule an appointment for an in-home survey and energy audit to be completed.  

Follow up telephone calls and follow up mailings, if necessary, were made to non-

respondents from the initial sample population of 1000 households.  This was completed 

prior to sending an additional 1000 mailings to other LL and HL customers.   

It was decided that a graduate student from the M.E. Rinker, Sr. School of Building 

Construction would go to each home with a GRU conservation analyst.  The GRU 

conservation analyst completed an energy audit which consisted of only the physical 

aspects of the house or apartment.  The survey included an inspection of the HVAC 

system, appliances, the building itself and its structural components, and observation of 

the premises for any potential leaks.  While the GRU conservation analyst completed the 

technical survey, the occupants of the household completed an in-home survey given by a 

graduate student from the University of Florida.  The survey concentrated on the 

occupants’ knowledge and awareness of their dwelling, as well as the specific behaviors 

of the occupants relating to the energy issues in a household.  Surveys were completed by 

both home owners and renters in low-income households.  These surveys began at the 

end of April, 2006, and continued through the end of July, 2006. Upon completion of all 

surveys, the data collected was analyzed and it was determined which issues played a role 

in the high energy intensity of low income customers.  GRU aimed to complete 392 total 

surveys to low income households, broken down into 196 surveys administered to high-

use households and 196 to low-use households. 

Summary 

At a time when the entire country is becoming increasingly reliant on electricity to 

satisfy the growing energy needs, utilities are depending on DSM programs to aid in 

balancing the electricity supply and demand.  A few key factors in securing the success of 
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DSM programs include instituting regulatory strategies that encourage a commitment to 

the programs and creating a cost-effective method of measuring the many impacts of 

DSM programs.  The history of Demand-Side Management programs is not lengthy but 

does indicate the initiation of a movement toward a more efficient use of energy through 

the implementation of programs which reduce overall energy demand. This technique of 

implementing programs to aid consumers in reducing the total amount of electricity 

consumed was expected to offset the need for utilities to construct new and expensive 

power plants.  Through successful DSM programs, utilities can help consumers save 

money as well as reducing their own generating costs, due to a reduction in overall 

demand, especially during peak times.   

The effectiveness of DSM programs has come under intense scrutiny.  The main 

debate lies in the relationship between the costs associated with the DSM programs and 

the savings realized by the utility due to shifting peak loads and decreasing individual 

consumption.  Many utilities view the DSM programs as a non-cost-effective option for 

electricity savings and this fact highly contributes to the barriers DSM programs face.  

These programs do offer several benefits to both utilities and customers alike.  DSM 

programs may improve economic efficiency, lessen the burden on the environment due to 

a reduction in the building of new power plants and the burning of fossil fuels, satisfy 

system growth needs, decrease peak demand, and save utilities money in new generating 

costs.  However, there are many barriers to the implementation of DSM programs 

including, current regulatory processes, uncertainty about program effectiveness, and the 

difficulty in measuring energy savings attributed to DSM programs.    
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Consumer behavior plays an active role in these DSM programs as their 

willingness to participate determines the success of the program.  It has been shown that 

consumers regularly demand greater rates of return on investments for energy-efficiency 

purposes than for other non-related investments.  In making DSM programs more 

successful, there must be a greater incentive for purchasing more efficient products and 

technologies.  Some trends of DSM programs are aimed at helping the consumer in 

financing the purchases of more efficient devices and appliances.  Consumer education 

about energy usage, as well as efficient technologies and habits, has also been 

approached through various DSM programs.  Also, state regulators have experimented 

with nontraditional approaches to the regulatory process in hopes of overcoming any and 

all obstacles to proper implementation of DSM programs.  They have also adopted 

procedures to better assess, measure, and adjust for the effects of these programs such as 

requiring utilities to annually adjust the estimates of potential future DSM energy savings 

based on actual data from the previous year.  

Locally, Gainesville Regional Utilities is working on a DEED grant for a DSM 

program that will determine the most effective programs that will assist low income 

customers with energy use reduction.  Upon completion of the grant, they will plan for 

and implement various DSM programs to educate local consumers in efficient energy 

usage and aid in financing projects to install more energy-efficient devices and appliances 

in these low income households.  DSM programs, such as this one, have the potential to 

greatly impact the way consumers and utilities use electricity and also have the ability to 

decrease overall dependence and demand of energy.  
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CHAPTER 3 
METHODOLOGY 

Introduction 

In order to collect the necessary data to identify the factors that lead to high energy 

intensity in low-income households in Gainesville, Florida, and to determine specifically 

the role of occupant behavior, an implementation plan was designed to begin the process.  

In the sections that follow, the designing of the survey, the selection of the sample size, 

and the survey distribution measures will be explained.  The specific data collection 

methods will be given, as well as a summary of the entire research process leading to the 

analysis and observations of the collected data. 

The methodology of this research was determined by the objectives of this thesis 

and the hypotheses stated in Chapter 1.  The steps taken were as follows: 

1. A literature search was performed to collect any related data and to determine if 
studies relating to the topic had already been performed elsewhere. 

2. The particular data necessary for this research was identified. 
3. In implementing a Graphic Information System (GIS), the highest residential energy 

users within the service area of Gainesville Regional Utilities were identified. 
4. From this first GIS, another map was created to display the energy intensity of each 

residential dwelling unit that was included in the first map.  
5. An initial survey was sent out to determine consumer eligibility for the survey. 
6. A survey questionnaire was designed to obtain pertinent data. 
7. The surveys were administered to collect the data. 
8. Statistical methods, both analytical and descriptive, were implemented to assess 

significance of certain factors related to high energy intensity. 
 

Designing of Survey 

The design of the survey focused on a means of collecting pertinent information in 

order to characterize energy use and awareness, and to decipher the main factors that lead 
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to a high energy intensity in many low-income households.  Several factors were 

identified that may have possibly contributed to the areas of high energy intensity and 

therefore, high energy bills.  These factors included the age and type of construction of 

the structure, the number of people living in the households, the age, condition, and 

number of appliances in the household, as well as the possible lack of incentive by 

absentee landlords to upgrade appliances to more energy-efficient models. The age and 

type of air conditioning and heating systems in use and the lack of tree cover around the 

dwelling were also significant factors. Additional factors that were taken into 

consideration included the availability of natural gas which often offers a more efficient 

energy source, a possible lack of knowledge about conservation opportunities and 

potential savings, a lack of price signal related to energy use (flat rent rate including 

utilities), and whether the structure was tenant-occupied or owner-occupied.   

Collaboration was coordinated with the PREC team in developing some of the 

questions for the in-home survey to be given to the participants of the DEED research 

study (See Appendix C).  The questions of most interest related to the behavioral aspects 

of the day-to-day lives of the occupants. Focus was placed on behaviors that lend to 

greater energy usage and have the potential for greater energy savings by reducing the 

occurrence of the specific behavior.  

Certain areas of interest were developed and focused on when developing the 

questions. As heating, ventilation, and air conditioning use a large percentage of the total 

energy used, it was best to address that issue first. There are specific target temperatures 

for both heating and cooling which have been set by agencies and utility companies alike. 

The recommended target temperatures for thermostat settings are 68 degrees Fahrenheit 
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for heating and 78 degrees Fahrenheit for cooling. Any deviation from this target 

temperature can greatly affect the energy bill of the household so it was imperative to get 

a feel for what the average household thermostat was set for. According to Amy Carpus1, 

a Conservation Analyst at GRU, for every degree above or below the respective target 

temperature, the energy usage and bill is increased by four percent (4%). For example, if 

a household normally set the thermostat for summer cooling at 76 degrees Fahrenheit, 

their energy bill would be eight percent (8%) higher than normal. However, if the 

thermostat was set at 80 degrees Fahrenheit for summer cooling, their energy bill would 

be eight percent (8%) less than normal. The research team collaborated in the 

development of questions that determined the typical temperature that a household kept 

its thermostat set at for both winter heating and summer cooling (Questions 21, 26).  

The importance in determining the daily behaviors of the occupants relating to the 

heating, ventilation, and air conditioning systems was noted. For this, aid was given in 

developing questions which asked about the thermostat setting, for both winter heating 

and summer cooling, when the occupant was away from home (Questions 22, 27). Also, 

it was imperative to determine the frequency of filter change in the air conditioning 

system as this is an important factor in the efficiency of the air conditioning system. If the 

filter is not changed on a regular basis, the system cannot operate in its full capacity and 

becomes more energy inefficient, therefore increasing the amount of energy used and 

increasing the electricity bill. The respective question (Question 29) was developed to 

determine if the frequency of changing the filter was a significant problem area in the 

                                                 
1Carpus, Amy. (2006) Interview. Conservation Analyst at Gainesville Regional Utilities.  
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participating households and if this topic should be focused on in future plans for demand 

side management programs. In rounding out the heating, ventilation, and air conditioning 

aspect of the survey, it was also pertinent to determine the frequency of opening 

windows, especially during more comfortable months, in Gainesville, Florida. The 

question (Question 30) asked which specific months, if any, were windows opened on a 

regular basis for natural ventilation. The frequency of opening windows was important to 

determine as the opening of windows would eliminate the need for any heating, 

ventilation, and air conditioning systems and therefore, decrease the energy consumption 

of the household. 

Knowing that clothes dryers also have the potential to be large energy consumers, a 

question relating to the regularity of households in hanging their clothes to dry instead of 

always relying on the clothes dryer was included (Question 42). As an area of possible 

improvement on household energy consumption, this issue should be addressed.  

Light use is another area that would be addressed as it also had the potential to be 

greatly reduced by modifying the behaviors of the occupants. The amount of lights that 

are used in a home each day can be a large component in the total energy use and energy 

costs of the household. In developing questions relating to this matter (Questions 46, 47, 

& 48), it was important to determine the typical amount of hours the indoor lights were 

on each day and also, how many rooms had the lights on during those hours of indoor 

lighting. If the number of hours that lights were on was high on average, this would prove 

a pertinent matter to incorporate into demand side management programs. These 

programs could educate occupants of the benefits and energy saved by simply turning off 

the lights when a room is not occupied or when daylight is bright enough and indoor 
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lights are not needed. The type of indoor lights used is significant in that the use of only 

standard incandescent light bulbs will consume a greater amount of electricity and 

essentially cost more than using fluorescent or compact fluorescent light bulbs for the 

same amount of time. Compact fluorescent bulbs use less than one third of the energy 

used by standard incandescent bulbs and emit the same wattage. Compact fluorescent 

bulbs also do not emit heat, unlike standard incandescent bulbs, and therefore do not add 

to the heat load of the house which is principal during months of summer cooling.  

The use of televisions was an important factor as many television sets, especially 

large screen and older models, use a great amount of energy in the home. The number of 

televisions, as well as how long each television is turned on, can play an integral role in 

the energy consumption of a household. In developing the appropriate questions 

(Questions 52 & 53), the aim was to determine how long at least one television was on in 

a typical day. The response options consisted of two-hour time increments that would 

allow for a general estimation from the occupant. The respective results can then be 

compared to determine an average time, among participants, that at least one television is 

in use and will allow the researchers to determine if a given household’s daily television 

use is above or below the average. Once the average time is established, it will determine 

if television usage is a factor that should be included in later demand-side management 

programs. 

Evidence suggests that the occupant’s education level, in terms of energy usage and 

energy efficiency knowledge, has a strong effect on the way energy is used in the 

household. It was vital to discover what the occupant thought contributed to the energy 

usage of the household (Question 63). The results of this question aim to shed light on 
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any common misconceptions of energy usage and allow for more targeted and effective 

demand-side management programs. The questions that follow (Questions 64, 65, & 66) 

relate to the occupant’s thoughts, actions, and education on the subject. The questions 

revealed the occupant’s level of concern related to energy costs in their home, the 

occurrence of any changes, in either their lifestyle or their home, made in the past year 

that made the home more energy efficient, and any awareness of current programs that 

could lower the household’s energy bills.       

 Selection of Sample Size 

The selection of the sample size was governed by the DEED grant and its 

requirements. The DEED project called for about 400 total participants; a goal of 196 

low-income, low users (LL), and 196 low-income high users (HL). This sample size was 

required to identify statistically significant factors of household energy use at a 95% 

confidence interval. For the purpose of this exploratory research, the sample size was 

exactly one hundred participants, or about one fourth the sample size of the entire DEED 

project.  

 To ensure that the appropriate quantity of surveys was collected for each group, 

LL and HL, the targeted households were coded for one of the two groups. The 

households were coded as LL if their average monthly energy intensity in 2005 was less 

than 454 kWh per 1000 square feet and were coded as HL if their average monthly 

energy intensity in 2005 was greater than 1096 kWh per 1000 square feet. 

Survey Distribution 

A Graphic Information System (GIS) was applied and the highest residential 

energy users within the service area of Gainesville Regional Utilities were identified.  

From this GIS map, another map was created to display the energy intensity of each 
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residential dwelling unit that was included in the first map.  The attributes that motivated 

the survey development were revealed when the (GIS) data was combined with the 

customers’ energy use data into one map (Appendix A). From this map, geographical 

areas with high and low energy intensity were identified and a random sample population 

was obtained. This population was sent preliminary questionnaires to determine the 

eligibility of the customers in meeting the research objectives and requirements. The 

household income eligibility was based on 2005 HUD Low Income Criteria for 

Gainesville, Florida. “Low-Income” was defined as 80% of the Median Family Income 

(MFI) which was $53,550 for the 2005 Fiscal Year in Gainesville, Florida. Table 3-1 

below displays the criteria used for low-income households in Gainesville, Florida. 

Table 3-1: 2005 HUD Low Income Criteria 
 

Number of 
Residents in 
Household 1 2 3 4 5 6 7 8 

Low-Income 
Cutoff  $30,000 $34,300 $38,600 $42,900 $46,300 $49,750 $53,150 $56,600 

 
This initial survey was sent along with a letter from the Mayor of Gainesville, Peegan 

Hanrahan, encouraging participation in the program (Appendix B). 1000 of these 

preliminary surveys (500 LL and 500 HL) were sent to GRU customers. 

From the households that responded to the initial surveys and were considered 

eligible to participate in the study, telephone calls were made to the respondents in order 

to schedule an appointment for the administration and completion of an in-home survey 

and energy audit.  Follow up telephone calls and follow up mailings, if necessary, were 

made to non-respondents from the initial sample population of 1000 households.  This 

was completed yet the number of respondents was inadequate. Another cycle of 

preliminary surveys was sent to an additional 1000 GRU customers with the same 
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breakdown of 500 LL customers and 500 HL customers. Again, eligibility was 

determined from this second response group and telephone calls were made to schedule 

the appointments for the energy audit and in-home survey. This second cycle of mailings 

produced a response that gave the DEED study enough participants to create statistically 

significant results.    

Survey Data Collection 

From the households that responded to the initial surveys, calls were made to the 

respondents in order to schedule an appointment for an in-home survey and energy audit 

to be completed.  At each appointment, a GRU conservation analyst and a graduate 

student would arrive and complete the surveys, collecting data about the household.  The 

GRU conservation analyst completed an energy audit which consisted of only the 

physical aspects of the house or apartment.  This survey included an inspection of the 

HVAC system, appliances, the building itself and its structural components, and 

observation of the premises for any potential leaks.  While the GRU conservation analyst 

completed the technical survey, the occupants of the household completed an in-home 

survey given by a graduate student from the University of Florida.  This survey 

concentrated on the occupants’ knowledge and awareness of their dwelling, as well as the 

specific behaviors of the occupants relating to the energy issues in a household. The 

completed surveys were then received by the PREC members who were responsible for 

compiling the survey responses in a spreadsheet format. These spreadsheets were then 

distributed to the University of Florida participating graduate students and Gainesville 

Regional Utilities for review.      
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Summary 

In completing the research for this study, many steps were taken to ensure proper 

population sampling and data collection. The collected data was used to identify the 

factors that lead to high energy intensity in low-income households in Gainesville, 

Florida, and to determine the specific role of occupant behavior in household energy 

usage. The process of this research was discussed including the designing of the survey 

instrument, the selection of the sample size, the survey distribution, and the data 

collection methods. After describing the methods of this research, the following chapter 

will discuss the specific analysis and observations of the collected data.    
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CHAPTER 4 
DATA ANALYSIS 

Introduction 

In completing the surveys and gathering all relevant data from the research 

participants, it was evident that certain behavioral factors were recurring and in need of 

further analysis.  Several of the participants exhibited everyday behavior typical of 

extremely energy-consumptive lifestyles, usually oblivious to the effect it had on their 

energy bill.  There was a significant difference in the behavior patterns of low energy 

intensity, low income (LL) households and high energy intensity, low income (HL) 

households.  This observation allows the assumption that occupant behavior greatly 

affects the energy intensity of a household and therefore, plays a significant role in the 

amount of energy consumed in a household.  This stated, it is apparent that in order to 

reduce individual demand, with a goal of decreasing overall energy demand, demand-side 

management programs should focus on behavior, concentrating on energy usage 

education, as a means of lowering energy consumption and in turn, lowering utilities’ 

costs associated with an increased need for generating capacity.  

Individual Question Results 

The behavior-related questions in the survey aided in shedding light on the 

differences in the occupant behavior of low energy intensity, low income households and 

high energy intensity, low income households. When a certain question garnered a large 

difference between the responses of the LL participants and the HL participants, it was 

obvious that the particular behavior related to that question should be given attention in 
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the demand side management programs that would follow this research. When 

appropriate, a “No Response” category was included in the charts and is designated by 

“NR” within the chart or graph. Questions 1 through 18 were not included in the data 

analysis section of this research as they focused on the physical characteristics of the 

home and did not discuss the behavioral factors in a home. As behavioral factors in the 

household are the focus of the research at hand, only survey questions relating to these 

factors were included in the analysis. 

Heating Systems 

The results in Figure 4-1 suggest that the primary heating systems that are used in 

low income households in Gainesville, Florida are electric resistance systems, heat 

pumps, and natural gas furnaces. Electric resistance systems accounted for about one 

third of all households, while heat pumps and natural gas furnaces each accounted for 

about 25% of the households surveyed. About 80% of participants also stated that they 

used no secondary heating systems to supplement the primary method of heating their 

homes.  

About 60% of the participants had standard thermostats to control their main 

heating system while only about 25% had programmable thermostats. Programmable 

thermostats offer options to control the household temperature while away from home, 

therefore allowing greater ease in using energy more efficiently. 

According to Gainesville Regional Utilities, the ideal temperature setting for winter 

heating is 68°F. For every degree above 68°F, the cost of operating the heating system 

increases by 4%. For every degree below 68°F, the cost is lowered by 4%. This fact is 

unknown to most households and can greatly affect the energy costs the household 

incurs. Therefore, it should be the focal point of demand-side management programs as 
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higher costs can easily be reversed with simple behavior modifications. Once the 

knowledge is out there, it is up to the occupants to use that knowledge to aid themselves 

in lowering their monthly energy bills by not setting the thermostat at extreme 

temperatures. Figure 4-2 demonstrates the relationship between the increased cost 

associated with higher heating temperatures and the percentage of participants that set 

their thermostats at varying temperature intervals. The graph also shows that 27% of the 

sample population kept their thermostat for heating set at 68°F or lower. In addition, it 

shows that 14% of the population kept the thermostat around 76°F and that these 

households have an energy bill that is 32% higher than if the thermostat had been set to 

the recommended temperature.  

The majority of respondents, about 60%, changed the thermostat setting when they 

left the home. Most that did change the setting turned the heating system off while they 

were away which can save both energy and money. There is no need to heat a home when 

there is nobody present and it seems that this fact has proven effective for the population 

that turns their heating off when away as this was the case in every low income, low use 

household that was surveyed. 

Occupants were asked if they changed the thermostat or other heating control when 

they were sleeping. Figure 4-3 demonstrates the results of this significant question which 

relates to heating and the comfort level of the home while people are present but not 

awake. Note was taken that households of primarily senior citizens often turned the 

heating off when away from the home but did not change the heating setting when they 

went to sleep, adding to the higher percentage of respondents that changed the thermostat 

setting when away compared to when asleep. Perhaps this is due to the idea that older 
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persons are more sensitive to the cold and therefore, need a warmer and more constant 

temperature to be comfortable. The percentage that did change the heating control when 

sleeping either turned it off or lowered the temperature.   

Cooling Systems 

Figure 4-4 shows that almost three-quarters of the survey participants used electric 

central air conditioning systems as the primary cooling system of the household. About 

20% of the respondents relied on window or in-wall air conditioning units for the cooling 

in their home. 3% of the homes surveyed used an air conditioner powered by natural gas 

and 6% relied solely on ceiling fans to cool their homes.  In most cases, the air 

conditioning system is the single highest consumer of energy in the household. 60% of 

participants had a standard thermostat for their cooling systems while only one-quarter 

had programmable thermostats. Programmable thermostats offer the ability to control the 

setting while away from home, having the potential to greatly reduce the amount of 

energy consumed if used wisely. 

Almost half of the survey participants stated that they had no secondary source of 

cooling. Of those households that did have a secondary source of cooling, the majority of 

them used ceiling fans in their home. A large issue with ceiling fans is the misconception 

that they use very little energy. Many homes were found to have ceiling fans turned on in 

rooms that were empty, which can noticeably increase the amount of energy consumed in 

a home. This factor can be greatly minimized if occupants are informed that ceiling fans 

should only be used when there are people in the room. 

The recommended thermostat setting for cooling is 78°F. For every degree below 

78°F, the associated energy costs increase by about 4%.  For every degree above 78°F, 

the associated energy costs decrease by about 4%. According to Figure 4-5, almost half 
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of the surveyed population kept their thermostat at or above 78°F, possibly lowering 

expected energy costs. The graph also shows that 22% of the population surveyed keeps 

their thermostat at a setting which can increase their energy bills by up to 16%. Some of 

the participants that kept the thermostat setting well below the recommended 78°F setting 

were actually wearing sweaters inside during the hottest time of the year in Gainesville, 

Florida. This situation occurred in homes that had high energy intensity and complained 

that their energy bills were too high. If these occupants could be educated about energy 

use in their homes and modify their behaviors, an enormous savings could be realized. 

Air conditioning is an area of high energy usage and many times is the largest consumer 

of energy in the household. Attention to this issue is required and with proper behaviors 

and maintenance, such as recommended thermostat settings and leaky duct repair, a great 

deal of energy and money can be saved.     

60% of participants responded that they changed their thermostat setting when 

they were away from home. Of this percentage, the majority of respondents reported that 

they turned their air conditioner off while they were away, while the remaining 

participants set the thermostat at a higher temperature but kept the cooling system on. 

This change in thermostat setting while away was a factor that was characteristic of the 

low income, low use households. By changing the setting, they save money on cooling 

while there is nobody in the home and when cooling is unnecessary.     

A much smaller percentage of participants responded that they did change the 

thermostat setting when sleeping when compared to those that changed the thermostat 

setting while away. Figure 4-6 displays that this percentage is fairly low at 37%. This 

shows that some of the participants realize that when at rest and sleeping, their bodies 
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produce less heat and need less cooling to remain comfortable. This factor has the 

potential to produce great savings as the period of sleeping, averaging about eight hours, 

is equivalent to a third of a day. If the cooling system can be used minimally during this 

period, energy savings can be significant.    

As shown in Figure 4-7, only about one third of the participants changed their air 

conditioning filter at the recommended interval of once a month. Of the remaining 

percentage that changed their air conditioning filter too infrequently, very few of them 

actually had filters that were supposed to be changed at the longer intervals of time, such 

as once a year or once every six months. The amount of energy consumed in a household 

is greatly increased by this factor. When the filters are not changed in a timely manner, 

the air conditioning unit cannot work at its highest efficiency and also, may not get a 

chance to stop running. When the filter is excessively dirty, the air conditioning unit 

cannot pull air through it as easily and therefore, must work harder to get the required 

amount of air needed through the filter. Many times, the air conditioner will not cool the 

home as quickly and in response, the occupant will lower the thermostat to a desired 

temperature and make the unit work even harder and consume more energy. The issue is 

vital to necessary energy conservation that must be emphasized in community outreach 

programs and demand-side management programs. There is a great amount of energy to 

be conserved and money to be saved if a household would change the air conditioning 

filter once a month or when suggested by the air conditioning manufacturer. 

Over a third of the participants never opened their windows for natural ventilation 

throughout the year, according to Figure 4-8. The next highest response suggests that 

about 11% of participants regularly open their windows six months out of the year. 
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Opening windows for natural ventilation allows the home to be conditioned naturally by 

the outside environment and eliminates the need for energy-consuming cooling systems 

to be used. In addition to saving energy, regularly opening windows allows fresh air into 

the home and eliminates stagnant air, allowing for a healthier indoor environment and 

better indoor air quality. 

Hot Water Usage 

There is a relatively equal split between electric and gas water heaters in the 

surveyed households shown in Figure 4-9. The difference in energy usage of these two 

types of water heater is minimal. Many respondents that used gas water heaters did 

however mention that they were hesitant to touch or adjust the water heater because of 

the danger when using gas. Regardless of the type of water heater, a common issue with 

water heaters was the temperature setting. Many times the temperature was set above 

130°F when the recommended temperature setting is around 115°F. Another common 

issue with water heaters was un-insulated pipes which carry and distribute the hot water. 

These differences may seem minimal, but when the water heater is working to constantly 

keep the water temperature at a much higher level and heat is lost through distribution, 

the appliance is consuming significantly more energy. This increase in usage can affect 

the monthly cost of energy, especially with the rising gas prices.      

The research data shows that the highest response rate was from participants that do 

not know the age of their water heater. This is significant as many participants may have 

water heaters that are very old and extremely inefficient when compared to newer 

models. Most occupants are unaware of the difference a newer, more energy efficient 

water heater will create on the energy usage of the household. Also, a high percentage of 

participants had a water heater that was less than two years old. This shows that almost 
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20% of the respondents are saving energy by using a newer device, which could be due to 

an increased awareness of the energy-saving potential of energy-efficient appliances such 

as those with the EnergyStar logo.  

Figure 4-10 corresponds directly to the amount of people living in the household. 

In this case, the highest response group indicates a household with about two people. This 

is consistent with the response rate of participants that stated they had two people in their 

households. For the most part, participants based their responses on one shower or bath 

per day, per person.   

The group with the highest responses in Figure 4-11 consisted of participants that 

stated the average shower time in their household was six to ten minutes. The longer the 

shower, the more hot water is used, and the more energy consumed. The highest response 

group seems to exemplify a good target time for bathing as anything extremely higher 

than this could create a significantly higher energy bill. 

Household Laundry Process 

As 95% of participants had a washing machine in their home, this is an area that 

people can benefit from energy awareness. It should be focused on in demand-side 

management programs as there is great potential for a change toward greater energy 

efficiency and reduced energy consumption, as the population that could be impacted 

with energy savings would be very large. The research data shows that the highest 

response rate was from participants that do not know the age of their washing machine 

and those whose washing machine was two to five years old. This is significant as many 

participants may have washing machines that are very old and extremely inefficient when 

compared to newer models. Most occupants are unaware of the difference a newer, more 

energy efficient washing machine will create on the energy usage of the household. Also, 
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a good percentage of participants had washing machines that were less than two years 

old. The data shows that almost 20% of the respondents are saving energy by using a 

newer device, which could be due to an increased awareness of the energy-saving 

potential of energy-efficient appliances such as those with the EnergyStar logo.  

Figure 4-12 demonstrates that the highest response groups were participants that 

washed three to five loads of clothes per week or less. The information relies directly on 

the number of people in the household. When washing clothes, it is important to be aware 

that using hot water consumes more energy than washing with warm or cold water and 

should be done as seldom as possible. Also, it is much more energy efficient to wash a 

full load of wash than a smaller load and this should be utilized whenever possible. In 

this case, the results were in the average range and demonstrate that demand-side 

management programs should focus their resources on more pressing issues of energy 

consumption. In the laundry cycle, demand-side management programs should focus 

more directly on reducing the use of clothes dryers as they consume significantly more 

energy per wash cycle than a washing machine.   

45% of the participants never use hot water to wash their clothes and 30% 

occasionally use hot water to wash their clothes. These are fairly high percentages and a 

key that perhaps this area of interest is not in as much need of attention as others, in terms 

of electricity conservation. Using hot water when washing clothes uses notably more 

energy than when washing with warm or cold water. By eliminating the unnecessary use 

of hot water when washing clothes, a household can save a considerable amount of 

energy and money each month. Perhaps this issue could be touched on in demand-side 

management programs but by no means should it be a focus point.   
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As not as many households have a clothes dryer when compared to a washing 

machine, 85% have a dryer compared to 95% that have a washing machine, it is notable 

to mention that on average, a clothes dryer uses considerably more energy than a washing 

machine per load of laundry. Dryers consume large amounts of energy and can be a 

culprit in high energy bills for households that do many loads of laundry. This is 

interesting as the highest percentage of the participants reported that their dryer was 

between five and ten years old, followed by the second highest group which stated that 

their dryer was between ten and twenty years old. It seems that people keep their dryers 

for a much longer time than they do their washers.  

Electric clothes dryers were found in the majority of homes that did have a dryer. 

With the recent rise in gas prices, electric dryers have become the more cost effective 

choice for households in Gainesville, Florida. However, the cost of gas and electricity 

varies widely from state to state and throughout the year so the most cost effective option 

when choosing a dryer depends on the costs in that area. Regardless of the energy source 

of the dryer, the important factor when it comes to clothes dryers is the frequency of their 

use. Due to their high energy consumption, they should be used minimally.  

Figure 4-13 displays that 65% of respondents stated that they never hang their 

clothes to dry. The large percentage of this sample population relies solely on the dryer to 

dry their laundry. If this participant group laundered an average number of loads of 

clothes per week, three for example, then the respective energy costs would be 

significantly greater in this household when compared to a household that always hangs 

the clothes to dry. The process of drying clothes needs great emphasis when 

implementing demand-side management programs. It seems, on average, that households 
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have older dryers than washing machines. Dryers consume more energy per load of 

laundry than washing machines and should have at least the same energy rating and 

efficiency level of the washing machines found in the same household. The issue at hand 

should be emphasized in educational programs or possibly grants related to demand-side 

management programs that could offer assistance in upgrading to newer and more 

energy-efficient clothes dryers.      

Appliances 

58% of participants had an electric stove in their home. A lesser percentage 

reported having a gas-powered stove. As in most appliances, the newer the appliance, the 

more energy efficient it is. The amount of energy consumed when cooking directly 

relates to the frequency and duration of usage. Figure 4-14 shows the number of weekly 

meals prepared at home in the households that were surveyed. The more meals cooked 

per week, the more energy consumed in the cooking process. In the homes that were 

surveyed, the stove did not pose a serious issue in energy consumption unless it was 

being used every day for hours at a time. As this was only the case in one household in 

which an occupant made baked goods every day, it does not seem to be a critical issue at 

this time.    

Throughout the survey process, it was found that the majority of households rarely 

cooked at home. Many dined out for every meal, except breakfast in some cases. The 

habits seemed unusual as low income households were being surveyed and in general, it 

is cheaper to cook at home than to dine out. Regardless, the majority of households 

prepared a meal on the stove or in the oven about once a day or less.    

The high number of households that dine out often made it apparent that these 

particular households would cause the use of microwaves to be high as well. The findings 
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in Figure 4-15 could be due to the fact that leftovers are taken home from dining out and 

must be reheated. Also, some households cook only a few times a week but cook enough 

to last a few days, in which case each subsequent meal would need reheating in the 

microwave. The 21% of participants that reported using the devices several times a day 

consisted of primarily these households. Many participants reported that they used a 

toaster every morning for toast which may have added significantly to the 53% who 

stated using a microwave, toaster, or toaster oven once or twice a day.    

Lighting 

According to Figure 4-16, the highest response rate of participants suggests that 

over 25% use their indoor lights between four and six hours each day. The percentage 

seems average and not excessive in any way. However, over 10% of respondents stated 

using indoor lights for more than twelve hours each day. This percentage seems excessive 

as natural daylight can light the home for about twelve hours each day during most parts 

of the year. Demand-side management programs must target these groups that use 

excessive indoor lighting daily.  

Quite a few of the participants stated that when the indoor lights were on, only one 

room was lit at a time. The research summarized in Figure 4-17 suggests that this 39% of 

the total respondents was prudent about turning off lights when the rooms were 

unoccupied. A few households even stated that this behavior was stressed daily to the 

children in hopes of developing less energy consumptive habits. Over two thirds of the 

entire sample population stated having less than three rooms lit at once. However, when a 

household consistently has more than three rooms lit at one time, energy will be 

consumed unnecessarily, causing the energy bill to be higher than needed. This is an 
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exemplary issue when it comes to ways in which behavior can significantly affect 

household energy consumption.   

The fact that most of the participants had solely standard incandescent bulbs in 

their homes was not surprising. As demonstrated in Figure 4-18, less than ten homes had 

25% of their light coming from compact fluorescent bulbs (CFL) and even fewer had a 

greater percentage of these energy-saving light bulbs. Compact fluorescent bulbs last 

about ten times longer than standard incandescent bulbs while only using a fraction of the 

energy. In addition to using less than a third of the amount of energy needed for standard 

incandescent bulbs, CFL’s put out the same wattage and brightness but do it without 

emitting heat. CFL’s are slightly more expensive, but the energy savings and long life of 

the bulb allow it to quickly recover its cost. Compact fluorescent bulbs are the obvious 

choice but it seemed that many participants were unaware of the immense savings they 

produce.  In our surveys, each participant was given three compact fluorescent bulbs free 

of charge. Perhaps future demand-side management programs could continue this trend 

and offer households a few compact fluorescent bulbs at no charge, and aid in lowering 

the overall household energy consumption. This would allow them to observe the savings 

due to the use of CFL’s and encourage them to buy additional CFL’s for their home.   

As 86% of respondents had exterior flood lights around their home, it is important 

to determine how those lights are used. Figure 4-19 shows that the majority of the 

participants used their exterior lights for less than two hours each night. Almost 30% of 

the respondents used motion sensors to control their exterior lights, a more energy 

efficient alternative to indoor switches. The problem with indoor switches lies in the 

occupant’s behavior. Many times, an indoor switch may be unknowingly left on 
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overnight, unnecessarily consuming energy for a long period of time. As a large 

percentage of exterior lights are controlled by an indoor switch, demand-side 

management programs must emphasize conservative behavior in regards to energy used 

throughout the night. Perhaps motion sensors could be incorporated into demand-side 

management programs in terms of educational information and possibly product offers or 

rebates.  

The findings suggest that exterior lighting is not an issue that is dominant 

throughout the population. Almost 60% of respondents have their exterior lights on for 

less than two hours each night. The majority of this percentage included occupants that 

only had their exterior lights on for a few minutes each night, only when someone had to 

go outside. A small percentage of participants reported keeping the exterior lights on for 

the entire night and viewed this as a safety measure. For the most part, when households 

did choose to keep their exterior lights on for long periods of time, only one small light 

was used. The issue at hand does not stand as something that should be given much 

attention in demand-side management programs. Although lighting, especially when used 

for long periods of time, can consume a significant amount of energy, safety is an 

underlying factor that rationalizes and overrides the energy issue here.  

Entertainment 

The question regarding the number of televisions within the household had the 

most evenly distributed results in the survey. According to Figure 4-20, the highest 

response rate came from participants that had three televisions in their home. The number 

of participants that had one, two, or four televisions in their home was about the same. 

Televisions, depending on their age, type, and size, can significantly contribute to a 

household’s energy usage and should be used, as most devices, in moderation. The newer 
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and larger televisions are technically energy efficient, but use a much greater amount of 

energy when in use and when in standby mode. All televisions consume energy in 

standby mode so measures should be taken to limit the number of televisions that are in 

use. If a television is not used regularly, it should not be plugged into the electrical outlet. 

Figure 4-21 displays the daily television usage of the participants. The fact that 

such a large percentage of respondents watched at least one television for over eight 

hours each day was astonishing. Some occupants even admitted that every television in 

the home was on from the time they awoke until the time they went to sleep. This 

occurred most frequently in homes that had retired persons who lived alone. The 

television seemed to be the only source of entertainment for them. Perhaps programs to 

promote community and create an area for gathering or social events would allow these 

retirees a varying form of entertainment and perhaps lower their energy consumption by 

reducing the amount of time the television was on. This would also save energy in terms 

of heating or cooling. If the occupants had somewhere to go and meet, they would spend 

less time in their own home which would require less energy of the heating or cooling 

system as it could be adjusted to decrease demand while the occupant was away.    

The data regarding use of a video game system was of no surprise after completing 

only a few initial surveys. As almost 75% of the households surveyed did not have any 

children, Figure 4-22 shows that the majority of the participants neither owned nor used a 

video game system. Also, the households that owned a video game system did not use it 

as often as might be expected.  

About half of the homes surveyed did not own a computer, which was initially 

surprising. Many homes consisted of senior citizens for which a computer was not a 
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necessity and was actually of no interest. Although the households were low income, the 

ones consisting of children usually had a computer. Even the households that owned a 

computer did not use it very often. The typical surroundings in a university town in which 

student and faculty alike rely on computers each and every day for almost everything 

they do, seemed a sharp contradiction to this scene. The majority of these occupants did 

not rely on a computer for everything they did which seemed somewhat liberating. 

Computers, when left on for long periods of time, can consume significant amounts of 

energy and can even raise the temperature of the room with the heat they expel. The 

effect can cause the air conditioning unit to work harder to cool the room and therefore, 

add to the energy costs the household faces. It was found that the low percentage of high 

computer users, shown in Figure 4-23, was a positive behavior and that this was not an 

area that needed much attention in terms of a need for conservation of energy.   

The findings displayed in Figure 4-24 were surprising as it was anticipated that the 

amount of participants that listened to music by means of a CD player, radio, or stereo 

system would be higher. Almost 45% of respondents did not listen to any music on a 

daily basis. In fact, very few households that were surveyed even had stereos, radios, or 

CD players. It seemed that the majority of the occupant’s entertainment came from the 

television. Apparently this is not an area that requires much focus for improvement in 

future demand-side management programs.   

Demographic Information 

Figure 4-25 displays the number of people in the households that were surveyed. 

35% of the respondents had two people in their household, followed by over 25% that 

had only one person in the household. Only 4% of the respondents had more than five 

people in their households. The majority of the participants were retirees or disabled 
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persons that either lived alone or with their significant other. As 73% of participants had 

no children in the household (Figure 4-30), these responses are consistent with other 

areas of the survey. Due to the fact that many of the participants lived in relatively small 

households and were adults, there is no reason that behaviors should not be modified to 

reflect less consumptive lifestyles. 

Many households that were surveyed consisted of retirees.  According to Figure 4-

26, about 30% of households with senior citizens consisted of one senior citizen.  Also, 

11% of the participants had two senior citizens in the household, but over 50% had no 

senior citizens in the home.  Apart from the need for warmer temperatures for comfort, it 

was found that households which contained one or more senior citizens usually used less 

energy.  The findings may be due to the fact that senior citizens were raised in a time 

when resources were scarce and these habits of minimal use and conservation have 

remained with them through the years.  Also, retired persons are usually on a fixed 

budget and therefore, cannot afford to spend large amounts of money for their energy 

bills.  

Figure 4-27 shows that almost 75% of the participants had no children in their 

household, which is consistent with the findings that suggest the majority of participants 

were either retired or disabled persons on a low fixed income. Children can significantly 

affect the energy usage of a household. In many cases, a greater amount of laundry is 

completed, especially with young babies, and when they are older, children can 

substantially increase the number of hours a computer, television, or video game system 

is in use. . As this is the case, it seems reasonable to conclude that perhaps a full and 
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representative cross section of the low income population in Gainesville, Florida was not 

gathered in this study.  

While 90% of respondents did not regularly work from home, almost 75% stated 

that someone was home all day. Further emphasis may be put on the idea that many of 

the respondents were either retired or disabled so they did not work but were home most 

of the day. The 10% that regularly worked from home, shown in Figure 4-28, justified 

their possibly higher energy usage due to extended lighting or device use.   

As many of the occupants surveyed were disabled persons or retirees, the findings 

in Figure 4-29 seemed appropriate. 73% of the participants stated that someone in the 

household is home all day on a typical day.  The large population that stays home most of 

the day seemed to have a high correlation to the population that watched at least one 

television for eight hours or more per day. Many occupants live alone and the television 

provides their only form of entertainment all day long. Perhaps demand-side management 

programs could think outside of the box and offer community activities or programs to 

give the high retiree and disabled population something to do during the day instead of 

sitting at home, watching the television all day, and consuming energy.  

According to Figure 4-30, the majority of respondents stated an income of less than 

$20,000 in 2005. It must be noted that income levels may not be accurately representative 

of the survey population as these income levels were collected solely from the occupant 

and not cross-referenced with filed tax reports. Responses to the income level of the 

households in this analysis may be different from the income levels reported in the initial 

survey questionnaire to determine income eligibility. According to Wikipedia, an online 

encyclopedia, the median income for a household in Gainesville, Florida is $28,168 and 
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the per capita income for the city is $16,779. Over one quarter (26.7%) of the population 

is below the poverty line which produces a great need for lowered energy bills within the 

community. The population in Gainesville, especially the high low-income percentage, 

could benefit significantly from demand-side management programs that would assist in 

lowering energy bills as well as helping the local utility company offset their costs and in 

turn, require less tax money from the city. 

Figure 4-31 displays that concerns about the heating, ventilation, and the air 

conditioning system in a home had the highest frequency of being identified by 

participants as having the largest impact on the energy use of a household. Although 

many respondents had various ideas about which issues had the largest impact, the most 

significant result for this question is the 19% of respondents that did not respond because 

they did not know what could cause a large impact on the energy use of the home. This 

data is precisely why community education is such a pressing matter and must be 

implemented into demand-side management programs. If occupants do not know which 

habits and behaviors can greatly affect the energy intensity of their home, they will not 

know how to modify their behavior to follow a less energy consumptive lifestyle. 

Figure 4-32 shows the level of concern of participants regarding energy costs in 

their home. While 68% of the participants were very concerned about the energy costs in 

their home, only 6% were not concerned. The remaining 26% were only somewhat 

concerned about their energy costs. The latter group consisted of both high and low 

energy users that seemed to care about the costs of energy, but did not care enough to 

make an effort to make the home more energy efficient. The group, as well as the 

participants that were very concerned about energy costs, should be targeted when 
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creating demand-side management programs. When someone does not feel strongly 

about an issue, such as energy savings, a program should aim to promote the issue in 

simple manner and encourage a positive change that is easily attained. For example, if a 

more efficient appliance is needed in the home, a household may be much more willing 

to make the purchase if there was a rebate program or other incentive.     

While 68% of the respondents stated that they were very concerned with the energy 

costs in their home (Figure 4-32), only about 50% of respondents had actually made a 

change to make their home more energy efficient, according to Figure 4-33. The 

remaining percentage of the participants consisted of respondents that made no changes 

to their home or their lifestyle and therefore, garnered no savings from reduced energy 

consumption. Perhaps in future studies or surveys, questions can be created to discover 

the possible reasons for a strong concern within a household but little effort being made 

to better the energy consuming realities of that home. Perhaps, in some cases, only 

motivation is required which can easily be created through appropriate demand-side 

management programs.  

Figure 4-34 displays that almost 90% of respondents were unaware of any 

programs that were available to aid in lowering home energy bills. The staggering 

percentage emphasized the fact that demand-side management programs must be 

marketed more effectively. Whether it is through higher frequency of programs, greater 

advertising, or more accessible information, a communication plan must be applied to 

these programs. These DSM programs are developed to aid both the utility and the 

energy consumer but too few of the respondents were aware of any available programs to 

make an impact on the community. The important knowledge must be passed 
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successfully throughout the communities for the beneficial effects to be widespread and 

the programs to be worthwhile.  

Summary 

Based on the results of this survey, there are a few key issues that should be 

focused on when creating and implementing demand-side management programs. The 

key issues displayed a potential for great energy savings if measures are taken to reduce 

the consumption on a regular basis. The main areas to focus on included the use of 

lighting in the home, the use of televisions, and the temperature settings of thermostats, 

when home and away, for heating and cooling. Another important factor that remains an 

energy issue is the frequency of changing the filter for the cooling system. All of these 

issues are completely behavior related and can easily be modified to reflect less energy-

consumptive lifestyles. Appendix D shows the results of a Residential Energy 

Consumption Survey completed in 2001 by the Energy Information Administration of the 

United States of America. If these areas of interest are at the center of demand-side 

management programs, the utility and the community have much to gain in terms of 

savings, when the programs are implemented widely and successfully. 

Appendix E shows the results of a full year of in-home energy audits completed 

during 2005 and 2006, by Amy Carpus, a Conservation Analyst at Gainesville Regional 

Utilities. The results further emphasize the importance of occupant behavior in household 

energy usage. When looking at the combined total of all apartments, owned homes, and 

rented homes, two of the top five highest occurring factors were strictly behavior 

dependent. These two factors were the occurrence of a dirty filter, signaling that it was 

not changed at the appropriate interval, and a thermostat setting that was more than five 

degrees away from the recommended temperature setting. These same issues proved 
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important issues in my research as well and should be at the core of demand-side 

management programs. Getting the message out about savings and motivating 

households to simply modify their behavior towards more energy-conserving habits can 

make a significant change in household energy intensity. The following chapters will 

discuss the summary and conclusions of this study, as well as recommendations for 

further research. 
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Figure 4-1: Primary Heat Sources  
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Figure 4-4: Primary Cooling Sources 
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Figure 4-5: The Increase in Cost of Energy compared to Cooling Temperature Settings of 
Participants 
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Figure 4-6: Participants that Change Cooling Setting While Asleep 
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Figure 4-7: Frequency of Air Conditioner Filter Change 
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Figure 4-8: Number of Months per year a Household Opens Windows  
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Figure 4-9: Types of Water Heaters in the Household  
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Figure 4-10: Showers per Week in the Household 
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Figure 4-11: Average Minutes per Shower 
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Figure 4-12: Number of Loads Washed Per Week 

 

Always
15%

Frequently
6%

Occasionally
13%

Never
65%

NR
1%

 

Figure 4-13: Frequency of Drying Clothes by Hanging 
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Figure 4-14: Weekly Meals Prepared at Home 
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Figure 4-15: Frequency of Microwave / Toaster Oven / Toaster Use 
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Figure 4-16: Amount of Indoor Lighting Used Per Day 
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Figure 4-17: Rooms Lit When Lights are in Use 
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Figure 4-18: Type of Lightbulbs in Household 
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Figure 4-19: Hours of Exterior Lighting per Night 
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Figure 4-20: Number of Televisions in Household 
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Figure 4-21: Daily Television Usage 
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Figure 4-22: Daily Video Game System Usage 
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Figure 4-23: Daily Computer Usage 
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Figure 4-24: Daily CD Player / Stereo / Radio Usage 
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Figure 4-25: Number of People in Household 
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Figure 4-26: Number of Senior Citizens in Household 
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Figure 4-27: Number of Children in Household 
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Figure 4-28: Percentage of Households in Which a Member Works From Home 

 

Yes
73%

No
27%

 

Figure 4-29: Percentage of Households in Which Someone is Home All Day 



69 

 

0
5

10
15
20
25
30
35
40
45

N
um

be
r 

of
 R

es
po

ns
es

< 
$2

0,0
00

$2
0,0

01
 to

 $2
5,0

00
$2

5,0
01

 to
 $3

0,0
00

$3
0,0

01
 to

 $3
5,0

00
$3

5,0
01

 to
 $4

0,0
00

$4
0,0

01
 to

 $4
5,0

00
$4

5,0
01

 to
 $5

0,0
00

$5
0,0

01
 to

 $5
5,0

00
Ov

er
 $5

5,0
00

 

Figure 4-30: Household’s Total 2005 Income Before Taxes 
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Figure 4-31: Largest Impact on Energy Use of Household 
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Figure 4-32: Level of Concern of Participants Related to Energy Costs in Their Home  
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Figure 4-34: Percentage of Participants Aware of Programs To Help Lower Home Energy 
Bills 
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CHAPTER 5 
SUMMARY AND RECOMMENDATIONS 

Summary 

This chapter highlights the findings of this research and presents the general 

conclusions regarding the role of occupant behavior in low-income households with high 

energy intensity. The literature review corresponding to demand-side management 

programs has been discussed, as well as the entire methodology of the study leading up to 

the results. The data analysis chapter discussed in detail the specific survey questions and 

the findings of the research study. The limitations of the study and the need for further 

research will also be discussed.  

Conclusions 

The goal of this research was to determine how significant a role occupant behavior 

played in the energy consumption of a home. Although this research is strictly 

exploratory, the data collected suggests that the occupant’s behavior is critical in the 

amount of energy a household consumes. The energy intensity of a home has a direct and 

strong correlation to the habits and practices of its inhabitants.  

The results of this research have determined several key issues in the energy usage 

of a household that are highly behavior dependent. Many of the most important issues 

deal with energy usage habits related to they home’s heating, ventilation, and air 

conditioning system. The temperature setting on the thermostat is wholly controlled by 

the occupants and for the most part, was not set at the recommended temperature setting 

in the homes that were surveyed. This is an issue in both heating and cooling situations. 
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In heating, it was found that about 12% of the sampled population kept their thermostat 

six degrees higher than the recommended setting of 68 degrees Fahrenheit, causing a 

24% increase in their energy bills. For cooling, it was found that 22% of the sample 

population kept their cooling temperature four degrees below the recommended setting of 

78 degrees Fahrenheit, causing a 16% increase in their energy bill. In addition to 

temperature setting, the frequency of changing the system filter can also greatly affect the 

amount of energy consumed by heating and cooling systems. Only about one third of the 

participants changed their filter at the recommended interval of once a month. If the filter 

is not changed at this rate, it may become too dirty to properly filter air and in some 

cases, act as a barrier for the air supply, which causes the air conditioning unit to work 

much harder than necessary and consume more energy.   

Other behavioral factors that can consume high amounts of energy in a household 

included the use of televisions, lighting, and a clothes dryer. For televisions, the highest 

response rate came from participants that had three televisions in their home. Televisions, 

depending on their age, type, and size, can significantly contribute to a household’s 

energy usage. All televisions consume energy while in use and also when in standby 

mode. For this reason, only televisions that are used regularly should be plugged into an 

electrical outlet. Indoor lighting also has the potential to be one of the largest energy 

consumers in the household. Over 10% of respondents stated that their indoor lights were 

on for more than twelve hours each day. When indoor lighting is in use, over two thirds 

of the entire sample population stated having less than three rooms lit at once. However, 

when a household consistently has more than three rooms lit at one time, energy will be 

consumed unnecessarily, causing the energy bill to be substantially higher than needed. 
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Also, most of the participants had solely standard incandescent bulbs in their homes, and 

less than ten homes had twenty-five percent of their light coming from compact 

fluorescent bulbs (CFL). Compact fluorescent bulbs last about ten times longer than 

standard incandescent bulbs while only using a fraction of the energy. In addition to 

using less than a third of the amount of energy needed for standard incandescent bulbs, 

CFL’s put out the same wattage and brightness but do so without emitting heat. 

Clothes dryers were found in 85% of the surveyed households and can greatly 

affect the total energy consumption of a home. Although the cost of different types of 

energy varies from area to area, 85% of participants with a dryer had an electric one. 

Regardless of energy source, the main issue facing dryers is their frequency of use. 

Dryers consume more energy per load of laundry than washing machines so the higher 

the number of loads, the higher the energy consumption. In lieu of using a clothes dryer, 

some homes did hang their clothes to dry, although 65% of respondents stated that they 

never hang their clothes to dry. These are all exemplary issues when it comes to ways in 

which behavior can significantly affect household energy consumption. These issues 

must be focused on when developing demand-side management programs for a 

community.  

There are physical aspects of the home that also come into play when measuring its 

energy intensity. These include the presence of weather stripping, the presence of leaks in 

ducts and air handlers that supply and distribute air, and the insulation levels within the 

home and around necessary pipes. The mentioned issues are essential when determining 

the energy intensity of a home, but consideration must also be given to the behavioral 

issues of energy consumption.   
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The marketing of the demand-side management programs must also be done more 

effectively. Gainesville Regional Utilities currently has thirty-six DSM programs 

currently offered or in the making. Of the 100 participants in this study, 89% of them 

were not aware of any programs that could help them in lowering their energy bills. The 

message of the various DSM programs is not getting across to the community as a whole. 

The delivery methods of these programs must be revised and information regarding them 

must be more readily available to the public. 

Limitations of Study 

Although a substantial amount of data was collected for this study, there are some 

limitations to the information gathered during this research. The total sample size of 100 

participants may be too small to get a clear and accurate cross-section of the low-income 

households of Gainesville, Florida. Contributing to this issue is the fact that many of the 

respondents were from a specific demographic group, retired or disabled persons, which 

may have skewed the results of some of the survey questions.   

Need for Further Research 

This research does not aim to solve every issue related to the high energy usage in 

low-income households. In order to move closer to the mutual goal of reducing the total 

amount of energy used and moving towards more conservative habits, further steps must 

be taken. Perhaps more energy audits must be completed to obtain a better picture of the 

entire community as a whole, which could more accurately assess the issues and needs of 

the area. Energy conservation techniques and practices can be more widely available 

through specific services or products that target the reduction of energy usage. Such 

products and services include compact fluorescent light bulbs, energy efficient devices 

and appliances, and free services to aid in obtaining information and products. 
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As education is a key point in the success of demand-side management programs 

and overall energy conservation, research must be completed to determine the best means 

of developing and delivering that education to the public. Once the proper method of 

education is determined, the success of the programs and the spreading of useful 

knowledge will have no limit.  

Recommendations 

After completing this research, the recommendations are few. Education and 

incentive are the key factors in creating successful demand-side management programs 

which can help alleviate the issue of high energy intensity in low-income households. As 

it has been discovered that occupant behavior plays a crucial role in the energy 

consumption of a household, this issue should be emphasized in DSM programs. As 

homes may have physical issues such as poor construction or a leaky duct system that 

may affect energy consumption, the habits of the household can be modified immediately 

to reflect a less consumptive lifestyle. Also, unlike physical issues that require repairs 

that can be costly, behavior-related factors can be changed for the benefit of the 

household free of charge.  

These programs must have an emphasis in educating the pubic as a whole. Whether 

it be through bill stuffers, emails, or community meetings, the information available must 

be effectively distributed to the households. Many times an incentive is needed to 

promote a change and for a DSM program to be truly successful, education must be 

combined with an incentive. This marketing tool may be a number of things such as an 

additional credit on the energy bill if a decrease in consumption is realized over a given 

period of time. Other possible incentives include giveaways, contests, or rebates on 
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energy efficient devices. Regardless of the type of incentive, it is necessary when trying 

to reach a large crowd to get useful and important knowledge distributed. 

In addition, perhaps DSM programs could extend their realm of duties and 

incorporate these issues into efforts to change local legislation in favor or more energy-

efficient practices. William Shepherd at Gainesville Regional Utilities has been working 

on a template to present to the City of Gainesville in an effort to change the local building 

code to reflect a shift toward energy conservation. This outline can be found in Appendix 

F of this study. 

 



 

APPENDIX A 
GRAPHIC INFORMATION SYSTEM (GIS) MAP 

 

Figure A-1: GIS Map of Gainesville 
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APPENDIX B 
INITIAL SURVEY INSTRUMENT 

 
February 6, 2006 
 
 
Dear Family Bill-Payer: 
 
As fuel prices continue to rise, families throughout Gainesville are looking for ways to reduce home 
energy expenses.  GRU and the City of Gainesville are developing ways to help you save energy, but 
we need your help. We hope you will be part of a study that will help you and other customers save 
energy and money.  Your home has been selected to represent at least 50 others in your 
neighborhood, so your participation is important.   

Please fill out the short form included with this letter and mail it back to GRU in the enclosed 
postage-paid envelope by February 24, 2006.  Your responses will tell us if you and your home 
meet the needs of the study.  If you qualify, we will contact you at the telephone number you 
provide to schedule an in-home energy assessment.  During our visit, we will 1) perform a 
detailed energy survey at no charge to you, and 2) with your help, complete an in-depth 
questionnaire about your energy usage and pertinent features of your home such as appliances, 
number of rooms, windows, and insulation levels.    

If you are selected and agree to participate, we will thank you by installing three energy saving 
compact fluorescent light bulbs in your home for free!  These light bulbs will help reduce your 
home’s energy use and save you money.   

We hope you will take this chance to conserve energy, save on your monthly energy bill, and 
improve the environment.  Fill out the short form and drop it in the mail today!  If you have 
questions about the enclosed form or the energy survey itself, please contact Amy Carpus in GRU’s 
Conservation Services Department at (352) 393-1450. 
 
Thank you for your participation! 
 
Sincerely, 
 
 
 
Pegeen Hanrahan    
Mayor, City of Gainesville   
      
 
RJL:CEP 
Enclosure 
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Name

□ 1 □ 2 □ 3 □ 4 □ 5+

□ Under $20,000 □ $20,001 to $25,000 □ $25,001 to $30,000
□ $30,001 to $35,000 □ $35,001 to $40,000 □ $40,001 to $45,000
□ $45,001 to $50,000 □ Over $50,000

□ Natural Gas □ Propane

1000Source Code: 
Thank you for your participation!

4. How long have you and your family been living in this household?  
□ Less than 1 year □ 1-2 years □ 2-4 years □ 4-6 years □ More than 6 years

2.  What is your combined household's annual income before taxes?  (See Box 1 on your W-2 forms)

3.  What type of water heater do you have?
□ Electric □ Other______________________________________

Survey Questionnaire
Instructions for Head of Household: Please complete the survey questions and mail back to GRU in the pre-paid envelope 
provided by February 24, 2006.  Thank you for your participation.

Phone Number (To schedule energy survey)

1.  How many people live in your household? 

 
Figure A-2: Preliminary Survey Questionnaire 
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APPENDIX C 
DEED SURVEY INSTRUMENT 

DEED HOME ENERGY SURVEY 

Section 1: INFORMATION ABOUT YOUR HOME 

We would like to begin by asking some information about the home in which you now live. 

Q1.  When did you move into this home?               
1 Less than 1 year ago                                                                                         Date given: 

_____________________ 
2 1 year to less than 2 years ago 
3 2 years to less than 3 years ago 
4 3 years to less than 5 years ago 
5 5 years to less than 10 years ago 
6 10 years ago or longer 

 

Q2.  How many months per year do you live in this home? 
1 Less than 3 months 
2 3 months to just under 6 months 
3 6 months to just under 9 months 
4 9 months to 12 months 

 

Q3.  Do you expect to move from this home in the next 12 months? 
1 Yes                              Explanation, if offered: 
2 No 
3 Uncertain 

 

Q4.  Do you own your home? 
1 Yes, I own (or am buying) my home 
2 No, I’m renting/leasing my home 
3 Other: 

 

Q5.  When was your home built? 
1 Less than 5 years ago                                                                                  Year if known: 

_____________________ 
2 5 years to just under 10 years ago 
3 10 years to just under 20 years ago 
4 20 years ago or more 
5 Don’t know  

 

Q6.  What direction does the longest side of your home face? 
1 West (or East) 
2 Southeast (or Northwest) 
3 Southwest (or Northeast) 
4 South (or North) 
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Q7.  Which best describes the foundation of your home? 
1 Slab on grade 
2 Raised wood floors                              Insulated?       ___Yes      ___No      ___Uncertain 
3 Other: 

                   

Q8.  What is the major wall type of your home? 
1 Concrete block 
2 Brick  
3 Wood frame 
4 Other: 
 

 
Q9.  What is the shape of your home’s roof? 

1 Flat 
2 Shed 
3 Gabled 
4 Hipped 
5 Other: 

 

Q10.  Does your home have an attic? 
1 Yes                              Insulated?       ___Yes      ___No      ___Uncertain 
2 No  

 

Q11.  What is your home’s roofing material? 
1 Asphalt shingles 
2 Wooden shakes 
3 Tile (clay or concrete) 
4 Metal 
5 Other: 

 

Q12.  What is the color of your home’s roofing material? 
1 White or silver 
2 Light grey or tan  
3 Red or orange 
4 Dark brown or dark grey 
5 Black 
6 Other: 

 

Q13.  What is the total square footage of your home, including bathrooms and hallways?  (Do not 
include garages, outside  
           patios or porches)                    

1 Less than 500                                                                                GRU Records / Appraiser 
Value:«Merge Record #» 

2 500-999  
3 1000-1499 
4 1500-1999 
5 2000-2499 
6 2500-2999 
7 3000-3999 
8 4000 or more                                                                                                     Specific #, if 



83 

 

offered: ___________ ft2 
9 Don’t Know 

 

Q14.  Describe your home’s exterior doors. 
 

 Description Total # # Weather-stripped 

1 Wood   

2 Metal Insulated   

3 Glass   

4 Other:   
    

 
Q15.  Describe your home’s windows. 
 

 Description 
Total 
# 

# 
Weather-
stripped 

# 
Double-
paned 

Frame Material 
(majority) 

Window Covering 
(majority) 

1 Single 
Hung    Wood / Vinyl / 

Metal / Other: 
None / Drapes / 
Blinds / Other: 

2 Double 
Hung    Wood / Vinyl / 

Metal / Other: 
None / Drapes / 
Blinds / Other: 

3 Casement    Wood / Vinyl / 
Metal / Other: 

None / Drapes / 
Blinds / Other: 

4 Jalousie    Wood / Vinyl / 
Metal / Other: 

None / Drapes / 
Blinds / Other: 

5 Awning    Wood / Vinyl / 
Metal / Other: 

None / Drapes / 
Blinds / Other: 

6 Sliding    Wood / Vinyl / 
Metal / Other: 

None / Drapes / 
Blinds / Other: 

7 Other:    Wood / Vinyl / 
Metal / Other: 

None / Drapes / 
Blinds / Other: 

   

 Q16.  What type of floor coverings does your home have?  (Circle all that apply and indicate 
percentage covering) 

 

 Description Percent Covering 

1 Hardwood 25%          50%          75%          100% 

2 Carpet or Area 
Rugs 25%          50%          75%          100% 

3 Tile (Ceramic) 25%          50%          75%          100% 

4 Vinyl or 
Linoleum 25%          50%          75%          100% 

5 Other: 25%          50%          75%          100% 
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Q17.  During a typical summer day, to what extent do trees help shade your house in the morning? 
(around 8AM) 

1 Almost totally shade the house 
2 Partially shade the house 
3 No shading of the house 

 

Q18.  During a typical summer day, to what extent do trees help shade your house in the late 
afternoon? (around 4PM) 

1 Almost totally shade the house 
2 Partially shade the house 
3 No shading of the house 

 

 
Section 2: KEEPING YOUR HOME COMFORTABLE 

The next step is intended to gather some information about how you keep your home warm 
in the winter and cool in the summer. 

Q19.  What are the main types of heating systems that you use? 
              Primary                                                                                      Secondary 

1 Electric resistance                                                               1   Electric resistance 
2 Natural gas furnace                                                             2   Natural gas furnace 
3 Liquid propane gas furnace                                                3    Liquid propane gas furnace 
4 Heat pump         __ Central    __ Non-central                4    Heat pump         __ Central    

__ Non-central 
5 Portable electric heater                                                       5    Portable electric heater 
6 Kerosene space heater                                                        6    Kerosene space heater 
7 Wood stove / fireplace                                                        7   Wood stove / fireplace 
8 Natural gas logs                                                                  8    Natural gas logs 
9 None                                                                                    9   None 
10 Other:                                                                                 10  Other:  

 

Q20.  What type of thermostat controls your main heating system? 
1 Standard Thermostat 
2 Programmable Electronic Thermostat 
3 No Thermostat  

 

Q21.  At what temperature do you normally set your thermostat for winter heating?  
   ________ºF 

 

Q22.  Do you change your thermostat setting or other heating control when you are away? 
1 Yes                              To what temperature is it changed? 
2 No                                                                                                  ________ºF 

 

Q23.  Do you change your thermostat setting or other heating control when you are sleeping? 
1 Yes                              To what temperature is it changed? 
2 No                                                                                                  ________ºF 

 

Now we’re going to ask about how you keep your home cool in the summer. 

Q24.  What are the main types of cooling systems that you use in your home? 
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              Primary                                                                                      Secondary 
1 Electric central air conditioner                                            1     Electric central air conditioner 
2 Natural gas air conditioner                                                  2     Natural gas air conditioner 
3 Window / wall / room air conditioner                                 3    Window / wall / room air 

conditioner 
4 Whole house fan                                                                  4    Whole house fan 
5 Ceiling fans                                                                          5    Ceiling fans 
6 Floor / box fans                                                                    6    Floor / box fans 
7 None                                                                                     7    None 
8 Other:                                                                                   8    Other: 

 

Q25.  What type of thermostat is used to control your home’s main air conditioning system? 
1 Standard Thermostat 
2 Programmable Thermostat 
3 No Thermostat  

 

Q26.  At what temperature do you normally set your thermostat for summer cooling? 
                                                                                                                                                                  
________ºF 
 

Q27.  Do you change your thermostat setting or other cooling control when you are away from 
home? 

1 Yes                              To what temperature is it changed? 
2 No                                                                                                  ________ºF 

 

Q28.  Do you change your thermostat setting or other cooling control when you are sleeping? 
1 Yes                              To what temperature is it changed? 
2 No                                                                                                  ________ºF 

 

Q29.  How often is the air conditioner filter changed? 
1 Once a month 
2 Once every 2-3 months 
3 Once every 4-6 months 
4 Once a year 
5 Don’t know 

 

Q30.  During what months of the year, if any, do you open windows on a regular basis for natural 
ventilation? 
 

__ January __ April __ July __ October 

__ February __ May __ August __ November 

__ March __ June __ September __ December 
                                                                                                                                                          __ Never 
Open Windows 
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Section 3: APPLIANCES IN YOUR HOME 

The next step is intended to gather some information about appliances and water use in 
your home.  Use side notes to indicate if an appliance is Energy Star rated, is particularly out 
of date, or there are other factors that could be affecting its efficiency. 

Q31.  What type of hot water heater do you have? 
1 Gas  
2 Electric 
3 LP Gas 
4 Other: 

 

Q32.  About how old is your main water heater? 
1 Less than 2 years old  
2 2 to just under 5 years old 
3 5 to just under 10 years old 
4 10 to just under 20 years old 
5 20 years or older 
6 Don’t know                                                                                                   Specific age, if 

offered: ___________ years 
 

Q33.  In a typical week (7 days), about how many baths and showers are taken in your home? 
1 7 or less                                                                                                                                     # 

per day: ___________ 
2 8 to 14 
3 15 to 21 
4 22 to 28 
5 29 to 35 
6 36 to 42 
7 43 or more 

 

Q34.  About how long is a typical shower? 
                                                                                                                                                                              
___________ minutes 
 

Q35.  Do you have a washing machine (or machines) in your home? 
1 Yes 
2 No                              SKIP to Q39 

 

Q36.  About how old is your main washer? 
1 Less than 2 years old 
2 2 to just under 5 years old 
3 5 to just under 10 years old 
4 10 to just under 20 years old 
5 20 years or older 
6 Don’t know                                                                                                   Specific age, if 

offered: ___________ years 
 

Q37.  How many loads of clothes do you wash in a typical week (7 days)?    
                                                                                                                                                                                 
______________ 
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Q38.  How often do you use hot water to wash your clothes? 
1 Always 
2 Frequently 
3 Occasionally 
4 Never 

 

 
Q39.  Do you have a clothes dryer (or dryers) in your home? 

1 Yes 
2 No                              SKIP to Q42 

 

Q40.  About how old is your main dryer? 
1 Less than 2 years old 
2 2 to just under 5 years old 
3 5 to just under 10 years old 
4 10 to just under 20 years old 
5 20 years or older 
6 Don’t know 

 

Q41.  What type of energy does your dryer use? 
1 Gas  
2 Electric 

 

Q42.  How often do you hang your clothes to dry? 
1 Always  
2 Frequently 
3 Occasionally 
4 Never  

 

Q43.  What type of energy does your stove/oven use? 
1 Gas 
2 Electric 
3 Other: 

 

Q44.  In a typical week, how many meals are prepared at home?  (breakfast, lunch, and dinner 
each count as one meal) 

1 5 or less 
2 6 to 10 
3 11 to 15 
4 16 or more 

 

Q45.  How frequently do you use a microwave, toaster oven, or toaster? 
1 Never 
2 Once a week or less 
3 About every other day 
4 Once or twice a day 
5 Several times a day 
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Section 4: LIGHTING IN YOUR HOME 

Q46.  During a typical day, how many hours do you use indoor lights in your home? 
(consider both morning and night  
          hours) 

1 less than two hours 
2 2 to just under 4 hours 
3 4 to just under 6 hours 
4 6 to just under 8 hours 
5 8 to just under 10 hours 
6 10 to just under 12 hours 
7 12 hours or more                                                                                                

Specific #, if offered: ___________ hours 
 

Q47.  When using your indoor lights, how many rooms usually have lights on? 
1 One 
2 Two  
3 Three 
4 Four 
5 Five or More 

 

Q48.  What type of light bulbs do you use in your home? (include rough percentage) 
 

 Type Percent of Total 

1 Standard 
Incandescent 

25%          50%          75%        
100% 

2 Fluorescent 25%          50%          75%        
100% 

3 Compact 
Fluorescent 

25%          50%          75%        
100% 

4 Other: 25%          50%          75%        
100% 
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Q49.  Do you have exterior flood lights around your home? 
1 Yes 
2 No 

 

Q50.  How are your exterior lights controlled? 
1 Indoor switch 
2 Timer 
3 Motion Sensor 
4 Other: 

 

Q51.  How many hours per night are exterior lights typically on? 
1 Less than 2 hours 
2 2 to just under 4 hours 
3 4 to just under 6 hours 
4 6 to just under 8 hours 
5 8 to just under 10 hours 
6 10 to just under 12 hours 
7 12 hours or more                                                                                                

Specific #, if offered: ___________ hours 

Section 5: HOME ENTERTAINMENT 

Now, think about some of the other energy users in your home, such as 
electronic equipment. 

Q52.  How many TVs are in your home? 
1 One 
2 Two  
3 Three 
4 Four 
5 5 or more                                  Of all TVs, how many are large screens?  

________ 
6 None 
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Q53.  About how many hours will at least one TV be on in a typical day? 
1 None 
2 Less than 2 hours 
3 2 to just under 4 hours 
4 4 to just under 6 hours  
5 6 to just under 8 hours 
6 8 hours or more                                                                                                 

Specific #, if offered: ___________ hours 
 

Q54.  About how many hours per day is a video game system typically in use? 
1 None 
2 Less than 2 hours 
3 2 to just under 4 hours 
4 4 to just under 6 hours 
5 6 to just under 8 hours 
6 8 hours or more                                                                                                 

Specific #, if offered: ___________ hours 
 

Q55.  About how many hours per day is a computer typically in use? 
1 None 
2 Less than 2 hours 
3 2 to just under 4 hours 
4 4 to just under 6 hours 
5 6 to just under 8 hours 
6 8 hours or more                                                                                                 

Specific #, if offered: ___________ hours 
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Q56.  How many hours per day is a CD player, radio, or other type of stereo system 
typically in use? 

1 None 
2 Less than 2 hours 
3 2 to just under 4 hours 
4 4 to just under 6 hours 
5 6 to just under 8 hours 
6 8 hours or more                                                                                                  

Specific #, if offered: ___________ hours 
 

Section 6: HOUSEHOLD DEMOGRAPHICS 

Finally, we would like to ask a few questions about you and your family.  Please remember 
that your information will be grouped together with other families’ responses and will not 
be linked directly to your household.  We will use the results of this survey to help you and 
your neighbors lessen the burden of monthly energy bills, so your continued input is 
important. 

Q57.  Including yourself, how many people live in your home (i.e., sleep here at least five nights a 
week)?  
                                                                                                                                                                                 
___________ 
 

Q58. How many senior citizens (65 years or older) are in your household?  
1 One 
2 Two 
3 Three 
4 Four 
5 Five or more 
6 None 

 

Q59.  How many children (17 years or younger) are in your household? 
1 One 
2 Two 
3 Three 
4 Four 
5 Five or more 
6 None 

 

Q60.  Do any members of your household regularly work from home? 
1 Yes                              Occupation, if offered: 
2 No 

 

Q61.  During a typical work week, is someone at home all day? 
1 Yes 
2 No 

 

Q62.  What was your household’s total 2005 income before taxes? (See Box 1 on your W-2 forms) 
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1 $20,000 or less 
2 $20,001 to $25,000 
3 $25,001 to $30,000 
4 $30,001 to $35,000 
5 $35,001 to $40,000 
6 $40,001 to $45,000 
7 $45,001 to $50,000 
8 $50,001 to $55,000 
9 Over $55,000                                                                                                        Specific #, if 

offered: $____________ 
 

Q63.  What things do you feel have the largest impact on your household’s energy use? 
 
 
 
 
 
 
 
 
 

Q64.  How concerned are you about energy costs in your home? 
1 Very concerned 
2 Somewhat concerned 
3 Not concerned 

 

Q65.  In the past year, have you or anyone else in your household made any changes – in either your 
home or your lifestyle –    
          to make your home more energy efficient? 

1 Yes                              Explain: 
2 No 

 
 
 
 

Q66.  Are you aware of any programs that are available to help you lower your home energy bills? 
1 Yes                              Explain: 
2 No 

 
 
 
 

Those are all of our questions, but before we wrap up, we would be happy to answer any 
questions you may have for us.  [REMEMBER TO GIVE RESPONDENT 3 CFLs once 
they’ve completed the survey] 
Thank you for your time and patience. 
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APPENDIX D 
ENERGY INFORMATION ADMINISTRATION RESULTS 
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Table A-1: 2001 Total Household Energy Expenditures 
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APPENDIX E 
GRU SURVEY SUMMARY 2005-2006 

Table A-2: GRU 2005-2006 Survey Summary 
  Owned % Rental % Apartment % Total 

Refrigerant line 214 19 23 32 82 40 319 
CC Damaged 104 9 11 15 46 23 161 
CC Dirty 143 13 15 21 43 21 201 
CC air flow restricted 144 13 13 18 27 13 184 
Filter Dirty 249 22 32 44 95 47 376 
Filter Missing 25 2 4 6 12 6 41 
Air by-passing filter 45 4 2 3 10 5 57 
AHC Dirty 76 7 15 21 84 41 175 
AHC poss dirty 37 3 10 14 27 13 74 
Temp Drop 37 3 1 1 16 8 54 
Duct Leaks 329 29 22 31 28 14 379 
Ducts need insulation 12 1 2 3 1 0 15 
AH Leaks 343 30 17 24 56 27 416 
Rust in furnace 40 4 2 3 6 3 48 
Yellow Flame 10 1 5 7 0 0 15 
Home needs Insulation 208 18 26 36 9 4 243 
Insulate attic access 137 12 15 21 9 4 161 
Thermostat setting 313 28 20 28 75 37 408 
Doors for circulation 40 4 3 4 14 7 57 
Use of fans 124 11 8 11 21 10 153 
Shade/Cover windows 106 9 0 0 10 5 116 
Weatherstrip & caulk 215 19 20 28 63 31 298 
Hot Water from WH 157 14 9 13 51 25 217 
Feel test indicates leak 13 1 2 3 9 4 24 
WH pipes need insulation 496 44 36 50 67 33 599 
WH pipes 
corroded/rust/leak 224 20 13 18 43 21 280 
Insulate WH tank 26 2 7 10 7 3 40 
Waterwaster showerhead 62 5 6 8 16 8 84 
Irrigation 100 9 1 1 1 0 102 
Pool pump 107 9 0 0 0 0 107 
Refrigerator - seals/coils 37 3 5 7 15 7 57 
Close fireplace damper 68 6 0 0 2 1 70 
Lighting 0 0 0 0 0 0 0 
Pond 0 0 0 0 5 2 5 
Spa 0 0 0 0 31 15 31 
Whole house fan 0 0 1 1 5 2 6 
Radon fan system 0 0 0 0 2 1 2 
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APPENDIX F 
PRELIMINARY RECOMMENDATIONS 

Preliminary recommendations for minimum energy standards appear below. Some parts 
of the building envelope (e.g., wall insulation, eave overhangs, etc.) are difficult or 
impossible to retrofit, so these should not be regulated by this code. The standards should 
include recognition that certain requirements may not be achievable due to physical 
constraints; such as where ½” ceiling board can not support the weight of additional 
insulation or old knob-and-tube wiring in the attic prohibits the installation of insulation. 
Some form of disclosure should be provided to the renter when the standards are waived 
due to these constraints. 
 
Ceiling Insulation 
R-19 minimum insulation level is required. Blown-in cellulose recommended due to its 
inherent ability to reduce air infiltration. Cautions: 1. Ability of ceiling to handle 
additional weight; 2. Additional insulation should not be installed when knob-and-tube 
electrical wiring is present; 3. Additional insulation must not block eave ventilation 
(baffles should be used during installation or the eave vents should be blown clear from 
underneath after installation). 
 
Air Distribution System Integrity 
The duct system should be substantially leak free; with leakage limited to 15% of total 
airflow as determined by a pressurization test (e.g., blower door, duct blaster, air analysis 
system, etc.) Should we allow a grace period for this to occur such as 24 months?  The 
pressurization of the building should be neutral or slightly positive, especially when 
combustion appliances use air from inside the structure for combustion. This 
recommendation needs more detail for effective application. 
 
Central Cooling System Efficiency 
Central cooling systems must have a Seasonal Energy Efficiency Ratio (SEER) equal to 
or greater than 10. This recommendation applies to split system AC units of less than five 
(5) tons in capacity. An exemption should be given to AC units less than Ten (10) years 
of age, since the embodied energy in the AC system has not been effectively distributed 
over the unit’s life. 
 
Room Cooling System Efficiency 
Room air conditioners must have an Energy Efficiency Ratio (EER) equal to or greater 
than 10.7 . 
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Central Heating System Efficiency 
Heat pumps must have a Heating Season Performance Factor (HSPF) equal to or greater 
than 6.8 (see age exemption above). Combustion furnaces must have an Annual Fuel 
Utilization Efficiency (AFUE) equal to or greater than 0.78 (see age exemption above). 
Central electric resistance heating systems should not be allowed. 
 
Programmable Thermostat 
A programmable thermostat should be installed with clear directions on how to use given 
to the tenant or displayed next to the unit.  At time of installation it should be 
programmed to set back temperature at the current unoccupied times of the household. 
 
Water Heater Efficiency 
Electric water heaters must have an Energy Factor (EF) equal to or greater than 0.88 (see 
age exemption above). Combustion water heaters must have an EF equal to or greater 
than 0.6 (see age exemption above). Electric water heaters must be set to a temperature of 
no greater than 120* F. 
 
Showerheads 
Showerheads should be limited to a flow rate of 2 gpm or less. 
 
Faucet Aerators 
Faucet aerators must be limited to a flow rate of 1 gpm or less. 
 
Outdoor Security Lighting 
Outdoor security lighting must be controlled by photo cells. 
 
In ground Irrigation Systems 
 
In ground irrigation systems must be controlled by a timer set to run no more than 2 times 
per week under normal circumstances and only between the hours of 4 p.m. and 10 a.m.  
An operable rain sensor must also be in installed. 
 
Pool Pumps 
 
Pool pumps must be controlled by a timer set to run no more than xx hours per day under 
normal circumstances. 
 
Compact Fluorescent Lamps 
CFL’s must be installed in all interior lighting fixtures (designed for use of an A-Lamp) 
of the house unless those fixtures are connected to dimming switches.  
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Energy Efficiency Renter’s Guide 
Each tenant to be given a current copy of GRU’s Energy Efficiency Renter’s Guide. 
 
Weather Stripping 
All exterior doors must have weather stripping and all windows or other penetrations to 
the structure must caulked or otherwise sealed. 
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