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Chapter 1. Introduction

Within American households, energy consumption is hugely important, and has significant
social and environmental impacts. Household energy consumption is an important consideration
of many strategies to combat climate change as a part of the behavioral wedge, which is a set of
household behaviors and actions that could lead to lower energy consumption in the residential
sector (Dietz et al. 2009). The behavioral wedge is seen as a way to achieve short-term
reductions in carbon emissions through modifying household behaviors, which are a central
focus of this dissertation. Direct residential energy consumption made up about 22% of the total
energy consumption in the United States in 2011 (Administration 2012a). Energy consumption
has been rising in absolute terms, despite per-household energy consumption decreasing steadily
since 1970 in the face of significant growth in the number of households over that same time
period (Administration 2012a; U.S. Census Bureau 2012a). The clear importance of energy
consumption and its links to demographic changes make household energy consumption an

interesting and important topic of social research.

Household socioeconomic status and demographic composition are two of the most central
drivers of energy consumption, as noted by a variety of literatures (Bhattacharjee and Reichard
2011; Pothitou et al. 2014). Despite being important factors influencing energy consumption,
they are rarely studied in a manner that connects them together or to energy consumption
meaningfully and empirically. A specific issue is that current literature does not often connect
these drivers with the actual end using devices and appliances, nor to the behaviors that produce
them. These behaviors and physical characteristics are then used to supply energy services
demanded by the household, and through this process, energy is consumed. While the current

literature addresses specific parts of this process in great detail, few studies take into account the



larger process in total (Brounen, Kok, and Quigley 2012; Valenzuela et al. 2014; Wilson and
Dowlatabadi 2007). This dissertation expands on literature that is specific to the socioeconomic
status and demographic composition of households by incorporating education and by
understanding the role that socioeconomic status plays, concurrent with a household's
demographic composition.
Aims

This dissertation uses the Residential Energy Consumption Survey data series for the years
1987, 1993, 2001, and 2009 to examine and re-conceptualize central drivers of household energy
consumption in the United States. The initial analyses focus on understanding the specific effects
of socioeconomic status and demographic composition on household energy consumption. These
factors have been studied in depth in the past, but rarely together and rarely with a unified
conceptual framework to guide the analyses. This dissertation provides additional understandings
of the relationship between socioeconomic status indicators, as well as how those indicators
relate to energy consumption while accounting for other confounding factors. These factors have

not been well understood together or comprehensively.

The deeper analysis of socioeconomic status and demographic composition is just the
beginning of the dissertation. This first portion leads to a focus on how the energy services
demanded by households and the specific behaviors and characteristics the households
themselves use to provide them. These factors are also investigated for relationships with more
distal drivers from the first analysis to provide a more unified vision of household energy
consumption. The presence of specific patterning among the energy services indicators is
examined for evidence of specific household energy services profiles. This approach allows the

dissertation to engage in the debate within the energy conservation literature around clustering of



indicators (Botetzagias, Malesios, and Poulou 2014; Karlin et al. 2012). This approach also
allows for a more detailed portrait of energy consumption within households to be understood
with specific links to key theories and concepts such as lifestyles and life-cycle effects; the
approach has shown some value in understanding energy consumption in New Zealand
(Fritzsche 1981; Lawson and Williams 2012; O’Neill and Chen 2002). These factors provide
empirical and conceptual linkages between sociodemographic composition and energy services

profiles.

The methodological approach taken by this dissertation is a logical progression taken
similarly across both empirical chapters. A wide variety of factors related to energy consumption
and their accompanying explanations are examined. This approach contributes uniquely to
knowledge on household energy consumption. The first specific contribution from the
methodological approach is a progressive and straightforward analysis of the specific effects of
socioeconomic status and demographic composition. An analysis that explicitly looks at these
factors has not been done across multiple time points and incorporating a large number of
covariates in the United States. An additional contribution of the approach in this dissertation is
the introduction of profiles of energy consumption, based on a broad set of indicators of energy
services. Many studies have taken up specific indicators or small sets of indicators of energy
services, but few have tried to take the broadest approach possible while also searching for
patterns in how those indicators are arrayed across households (Barr, Gilg, and Ford 2005;
Costanzo et al. 1986; Guerin, Yust, and Coopet 2000; Karlin et al. 2012). The combination of
these findings on how socioeconomic status and demographic composition work alongside
energy services profiles to produce energy consumption is another important contribution of this

methodological approach.



Household Energy Consumption and Central Drivers

This dissertation focuses on household or residential energy consumption. Household energy
consumption is defined as the amount of energy consumed by a household directly in their
housing unit. This definition does not include consumption from transportation or any energy use
embedded in the products a household purchases. This dissertation examines the energy
consumption on an annual basis. Before taking up specific aspects of the analyses, it is important

to understand some background and context surrounding household energy consumption.

Household energy consumption made up 22% of all energy consumption in the United States
in 2011. The absolute level of household energy consumption has been increasing overall since
1950, despite the amount of energy used per household decreasing steadily since 1978, and
recently stabilizing (Administration 2012a). The use of natural gas in the home has remained
constant while the use of other combustible fuels, such as petroleum and coal, has decreased over
time. The decreasing use of combustible fuels has corresponded with trends that show the share
of energy spent on space heating has decreased while the amount of energy used by appliances
and air conditioning has increased (Administration 2012a). Additionally, electricity use within
the household has been increasing over the same period, and is likely related to the increasing

use of electric appliances and air conditioning (Administration 2012a).

The trends in energy consumption outlined above occur alongside broader economic and
sociodemographic trends in factors important to household energy consumption. Long-term
trends in mortality decline, combined with higher rates of divorce, lower rates of marriage, and
increased single parenthood have led to more households of one or two persons (Jiang and
O’Neill 2007; Kobrin 1976; Santi 1988). Population aging further defines the contours of

households, leading to more single-person elderly households. These households tend to be



poorer than larger elderly households, due to fixed incomes (Jiang and O'Neill 2007). In addition
to these demographic changes, household income inequality has increased over time, driven
largely by a concentration of income at higher levels (U.S. Census Bureau 2012b, 2012c). This
increasing income inequality is also complicated by social patterns, such as increasing single
parenthood and population aging, which have complex relationships with the household
consequences of inequality (Nielsen and Alderson 1997). These changes have important
influences on household energy consumption in general, and potentially in more proximate
characteristics related to energy consumption, such as access to efficiency and the number of

energy significant appliances.

Energy use actually arises from the consumption of energy services (e.g. air conditioning,
space heating, lighting), although initial energy research treated energy as a directly consumable
good (Sovacool 2011). Early work on energy consumption attributed increases in electricity
demand in the early 1960s largely to rising incomes that allowed for increased consumption of
all goods (Houthakker et al. 1974). Additionally, behavioral research shows that feedback on
energy consumption and goal setting yielded reductions in the amount of energy use of around
13% (Seligman, Darley, and Becker 1978). Moving beyond the simplistic early assumptions
around how energy is consumed, household models of energy use began including demographic
characteristics, economic factors (e.g. available alternatives, macroeconomic factors), lifestyle
data, psychological theory, and cultural factors (Dholakia, Dholakia, and Firat 1983; Lutzenhiser
1992; McAdie and Brown 2012). These early models linked a household's social, psychological,
economic, and demographic characteristics to their consuming behaviors and appliances, as well
as casting a wide net of possible structural factors exogenous to the household (i.e. political

economy of regions and nations, consumption cultures, and specific regulations) that may shape



energy use (Lutzenhiser 1992). These early models generally focused on only one of the specific

characteristics and rarely did researchers consider these factors comprehensively.

Other predictive approaches to energy use include lifestyle and psychological models.
Lifestyle models primarily emphasize the proximate demographic, physical, and behavioral
characteristics of a lifestyle, considering economic factors merely as a proxy for resources
(Weber and Perrels 2000). Psychological models of energy use are primarily concerned with
norms, values, and attitudes. In these models, income (as an indicator of financial resources) is
considered a driver of norms, values, and attitudes (Stern 1986, 2014; Wilson and Dowlatabadi

2007).

A key literature links the patterning of socioeconomic status in society to energy-conserving
behaviors (Ball, Cullen, and Gan 1999; Dutton, Sweet, and Rogers 1989; McMichael and
Shipworth 2013). The relative costs and perceived benefits of the energy efficiency intervention,
as well as the connectedness of social networks, have a large impact on how households of
different socioeconomic status adopt or choose not to adopt any given energy behavior or
technology (Ball, Cullen, and Gan 1999; Darley and Beniger 1981; Dutton, Sweet, and Rogers
1989; McMichael and Shipworth 2013). Yet, with limited sample sizes and geographies, most
studies narrowly focus on energy conservation or efficiency behaviors and purchases, rather than
more broadly on all energy significant characteristics. Trends in consumption, such as the
increase in the number of televisions owned and the broadening use of air conditioning, are
certainly important to understand alongside other conservative or efficiency behaviors. This
literature points to lifestyle characteristics of households of different socioeconomic status that
also likely related to demographic characteristics of households. These studies point to a large

literature showing that higher status individuals tend to adopt new ideas and behaviors; income



and education have also been shown to influence energy significant adoptions such as consumer

electronic devices (Dutton et al. 1989; Pampel 2002).

Chapter Summary

Chapter 2 outlines the dissertation’s conceptual framework. Starting with a basic discussion
of the conceptual models that have been used over time, this chapter outlines relevant research
on energy consumption and the central drivers from a conceptual point of view. This chapter
contributes to the understanding of energy consumption by focusing on providing structure and
linkages between socioeconomic status, demographic composition, and energy services profiles.
While not all of the specified relationships can be fully tested by the dataset used, the conceptual
framework extends and broadens previous models of energy consumption and point towards

areas that might merit further research.

Chapter 3 describes the data set used for the dissertation and outlines the methodology used.
The Residential Energy Consumption Survey data series is explained in this chapter, with
particular attention paid to variable coding and harmonization. This chapter also outlines the
empirical approaches and their strengths and weaknesses. While the dataset is strong in many

ways, the specific limitations in the data are also a focus in this chapter.

Chapter 4 is the first of the two analyses chapters in the dissertation. This chapter specifically
takes on the effect of socioeconomic status and demographic composition on the energy
consumption of households. Initial analyses focus on the distribution of energy consumption and
key covariates across time and socioeconomic status indicators. The next section uses regression
analysis to understand specific influences of each socioeconomic status indicator, as well as how

they work when included together, along with a variety of controls. This analysis is repeated by



fuel type to understand differences in the effects on electricity use and combustible fuels
separately, as they tend to be used by very different appliances for different purposes.
Additionally, a series of analyses are run including interaction effects between socioeconomic
status indicators and the rest of the model to look at how different drivers work at different
income levels. The final models also include interaction terms, but for household size and
householder age, to examine how different compositions might drive energy consumption

differently at different householder ages.

Chapter 5 extends the findings in Chapter 4 and examines the energy services indicators to
form energy services profiles. This chapter also examines the effect that these energy services
profiles have on energy consumption. The chapter starts with a Latent Class Analysis of the
energy services indicators and demonstrates the resulting energy services profiles. Descriptive
statistics are examined for key drivers, controls, as well energy services indicators themselves
within each profile. These results provide insight on the character of each energy services profile
and provide an understanding of specific differences in the profiles overall. The next section uses
a similar approach as Chapter 4 to investigate the specific effects of each class on energy
consumption, as well as the influence they have on the effect of socioeconomic status and
demographic composition. This analysis is also carried out by fuel type. The effects of these
profiles are then examined by separate models for each time point in the study, income groups,
and age. These analyses are able to examine the profiles for more specific effects that they may

have on energy consumption.

Chapter 6 provides a summary and discussion of findings from Chapters 4 and 5.
Overarching trends and findings are discussed in terms of importance for extensions to current

literature. Specific conceptual contributions and their empirical foundations from Chapters 4 and



5 are also discussed. This chapter also considers the findings and implications for policy, and

explores areas of future research that could use this dissertation as a foundation.



Chapter 2. Conceptual Framework

Background and Existing Models
Energy consumption models are varied and often incomplete. Initial models focused on

lifestyles and life-cycles, social and cultural factors around energy, and socioeconomic and
demographic differences in energy conservation (Dillman, Rosa, and Dillman 1983; Fritzsche
1981; Hackett and Lutzenhiser 1991; Schipper et al. 1989). This focus included, explicitly or
implicitly, socioeconomic status and demographic composition as distal factors, with

demographic composition being the most distal of all.

The lifestyle models gave way to a more indicator-based focus that borrowed from these
frameworks, but generally did not include a comprehensive conceptual framework. Economic
and psychological models focused on utility maximization, pro-environmental behavior and
attitudes (e.g., specific energy behaviors, level of desire to conserve, motivations for
conservation), and some social psychological factors (e.g., feedback, external conditions)
(Wilson and Dowlatabadi 2007). While well thought out, most of these models did not
empirically investigate the model for real associations with actual energy consumption, but
rather on factors related to these conservative behaviors and characteristics. This is an
incomplete view that assumes a real and significant impact of energy conservation behaviors and
attitudes on energy consumption, an assumption that is often empirically doubtful (Poortinga,

Steg, and Vlek 2004).

More recent models have sought to integrate the general concepts of the more complete early
models with the important findings from indicator-based research. The model this dissertation is
generally based on is the Energy Cultures model. This model is similar in approach but places a

much stronger emphasis on behaviors and norms. The Energy Cultures model uses an interactive

10



framework with the concepts of material culture (e.g., income, technology, building regulations),
cognitive norms or processes (e.g., norms around housing and appliance usage), and energy
practices (e.g., actual appliance usage, thermostat usage) (Stephenson et al. 2010). The Energy
Cultures model also borrows from the concept of energy services, which understands energy
consumption as the demand for services provided to the household, rather than the energy
consumption itself. A similar model, the Human Ecosystems Framework (HEF) specifies that
the "human organism” lives in a world composed of the natural environment (e.g., weather,
climate), social environment (e.g., socioeconomic status, demographics), and the designed
environment (e.g., appliances, housing units), which all interact with one another to produce
energy consumption (Guerin et al. 2000; Yust, Guerin, and Coopet 2002). This model rightly
includes both natural and designed elements and assumes agency; however, the model does not
specify the relative importance of each area or imply any causal ordering, which is more
apparent in the Energy Cultures model. Neither model places actual practices more proximate to
energy consumption than the social, economic, and psychological factors that drive those
practices. Despite some shortcomings, the Energy Cultures will form the basis of the conceptual

framework for this dissertation.

Socioeconomic Status and Demographic Composition

Perhaps the most confusing portion of the Energy Cultures framework is that it interactively
places demographic and socioeconomic factors with design and natural elements of energy
consumption. This is highly unlikely within households, although this is perhaps important at the
societal scale over long periods of time (Smil 1994). Prior models argued against this and used
some level of causal ordering (Fritzsche 1981; Lutzenhiser 1992; Schipper et al. 1989). The

model will borrow some from the HEF, which includes both demographic composition and

11



socioeconomic status in the “social” portion of the model, but also seem to implicitly place them
more distally when examining energy consumption itself. The Energy Cultures framework
positions these as key conditioning factors for the energy culture overall, but not quite as

specifically.

Early work around lifestyles and life-cycles of households placed these factors further from
behaviors and actual consumption, even if they did so implicitly. Literature that focused on
household types would classify them using the age composition and household size (e.g., Empty
Nesters as a middle-aged couple whose children have just moved out) which drives different
consumption choices and patterns (Fritzsche 1981). This focus on household size was also
featured in economic work on energy consumption around this time, predicting household
economies of scale when household size would increase (Ironmonger, Aitken, and Erbas 1995).
All of this literature implicitly assumes that households would transition through a similar
socioeconomic life-cycle and retire in a very conventional, American, manner; income is a
control for this, rather than a concept that might lead to variation in this pattern. This literature
suggests that if socioeconomic status is merely a proxy for the ability to purchase items, then it is
likely that proximate characteristics (and some behaviors) are the outcome of socioeconomic
status (Guerin et al. 2000; McMichael and Shipworth 2013; O’Neill and Chen 2002; Yust et al.

2002).

Householder age is an important but incomplete proxy for the lifestyle that a household may
adopt through the lifecycle based on common traits across age groups. As mentioned above, the
indicator doesn’t take other important social or economic factors into account directly. Further,
the householder age can influence economic potential, both perceived and real, which can shape

spending habits (Sakamoto and Powers 2005). Empirically, householder age and household size

12



account for a vast amount of variation in energy use, and knowing the other household members’

ages adds a much lower empirical value (Jiang and O’Neill 2007).

Physical Characteristics and Energy Behaviors

Physical characteristics and energy behaviors are central to both of the models that are the
foundational framework for this dissertation. These frameworks even go so far as to note that
energy consumption, and the “human organism” that makes those decisions, is influenced by the
design and make-up of their physical environment, which they can control and choose as well, in
a variety of ways (Botetzagias et al. 2014; Stephenson et al. 2010). This implies that individual
energy behaviors and characteristics are not entirely independent from one another but part of a

larger set of constraints and decisions.

Physical characteristics and behaviors are at least implied, if not overtly included, in models
that suggest lifecycle and lifestyle are defining features of energy consumption (Bin and
Dowlatabadi 2005; Dillman et al. 1983; Fritzsche 1981; Lutzenhiser 1992; Wilson and
Dowlatabadi 2007). These models imply that based on the lifecycle stage of a household or the
lifestyle engaged, there will be different material features of homes and behaviors that are
associated with the lifestyle of the household (Kempton and Schipper 1994; Wilhite et al. 2003).
This has even been extended empirically to note that socioeconomic status will alter the

conservation practices of households (Dillman et al. 1983).

Lifestyle and lifecycle literature tends to focus more on how households are clustered or
defined by socioeconomic and demographic characteristics, and links the association of various
clusters of behaviors or characteristics. More recent work in energy conservation behaviors and

attitudes has moved the focus to clustering (or not clustering) these behaviors and characteristics.
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Urban and S¢asny (2012) noted clustering and indistinct effects among behaviors, and also
noted important patterns in the clusters across socioeconomic status and demographic
compositional factors. Some work, mostly concerned with energy conservation behaviors rather
than consumption, pushes against this and advocates for individual behaviors rather than clusters,
due to more empirical concerns (Botetzagias et al. 2014; Karlin et al. 2012). Both approaches use
relatively few indicators rather than a more complete set of energy significant characteristics and
behaviors. A noted exception is Lawson and Williams (2012) which finds strong evidence for the
presence of energy cultures in New Zealand by taking a broad set of energy significant physical
characteristics and behaviors, demographic composition, and some norms into consideration.
Additionally, taking an approach that does not include clustering would be inconsistent with
broader models of energy consumption, particularly the Energy Cultures framework that clearly
point toward these as a more singular concept (Guerin et al. 2000; Stephenson et al. 2010; Yust
et al. 2002). Additionally, a more narrow focus ignores contributions of lifestyle work, where
these clusters of behaviors are more energy-centric descriptors of the lifestyles a household may

adopt (Van Raaij and Verhallen 1983).

Conceptual Framework
The conceptual framework used for this dissertation is pictured in Figure 2.1. The general

concepts are similar to both the HEF and Energy Cultures frameworks, but with some additional
structure to the model. The model assumes that energy services are demanded by a household
and then fulfilled using the energy services profile of the home. Conceptually, this can capture
differences in households that have the same heating demand but different efficiencies involved
for meeting that demand. The energy services profile is the final link to energy consumption after

the household characteristics and the environment the household and its members live in. The
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profile itself is likely due to a variety of factors related to lifestyle options and decisions made by
households within context they live in. The Energy Cultures model places a strong emphasis on
cognitive norms. In this model, norms are linked to the environment through regional culture,
which can emphasize specific norms and lifestyles. Household socioeconomic status and
demographic composition provide some context to the prevailing norms within a household.
Importantly, norms are likely not distributed evenly across household compositions, similar to
the way not all lifestyle choices are available or possible for all households. Norms and values
have been shown to help predict the clustering of characteristics within households empirically

(Lawson and Williams 2012).

Figure 2.1. Conceptual Framework

Socioeconomic and Environment

Demographic Factors
e Weather and Climate

e Socioeconomic Status

'

e Regional Culture

¢ Demographic Composition ® Regulations

Energy Services Profiles

e Physical Characteristics

* Energy Significant Behaviors

h 4

Household Energy
Consumption
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The environment concept is the broadest of the main concepts in this conceptual framework,
containing almost any factors that exist external to the household. This draws strongly on the
Energy Cultures framework, which divides this into the natural environment and the designed
environment (Stephenson et al. 2010; Yust et al. 2002). While this is certainly a useful
designation, it would seem that combining them conceptually is also sensible given the useful
construct it creates for comparing external and internal factors for households. Clearly, the
climate and weather strongly influence the general level of heating and cooling demanded by a
household. Warmer climates might demand less heating and more cooling, for example
(Bhattacharjee and Reichard 2011). Additionally, there are general cultural factors that exist
regionally that will have strong effects on the housing stock of an area, which can constrain
choices for larger items that most often are attached to housing units, such as heating and cooling
devices (Engel, Hansen, and Kronenberg 2011; Tso and Guan 2014). Culture can also dictate
regional norms around important energy service demands that will be expressed by the
households, such as the need and level of air conditioning (Lutzenhiser 1992). These factors can
drive and change sociodemographic factors as well as constrain, enable, or incentivize choices

available for energy services fulfillment, while also influencing their demand.

In the United States, the regulation of utilities and energy providers is done primarily at the
state level rather than the federal level (Webb et al. 2013). This means that there is significant
variation in both the level of regulation and the impacts, which are often related to pricing and
programs that might incentivize efficiency. Through evaluating changes in regulation, research
finds that households quickly respond to price changes in energy use (Reiss and White 2008).
The ability of a household to respond to any information is related to other household

characteristics, such as household size or income level. In practice, price is more important for
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lower income than higher income households, where lower income households are more

sensitive to price than higher income households (Jamasb and Meier 2010).

In general, socioeconomic status has been seen as driving up energy consumption overall,
largely due to the focus on income (Brounen et al. 2012). Income is generally considered a
resource that facilitates differential consumption of energy-significant material items (e.g.,
appliances, electronics, housing units) (Frederiks, Stenner, and Hobman 2015; Pothitou et al.
2014; Sovacool 2011). Therefore, higher income households can consume more energy-
significant goods, and may also be able to purchase more efficient ones. There are a significant
number of studies that find that education is associated with more pro-environmental attitudes
and was associated positively with some energy efficiency and consumption behaviors
(Bhattacharjee and Reichard 2011; Wilson and Dowlatabadi 2007). Fewer studies found strong

direct effects for these attitudes and norms on energy consumption (Poortinga et al. 2004).

Socioeconomic status indicators are theorized to change the capacity of a household to
behave in energy efficient ways, either through structural or economic limitations (Van Raaij and
Verhallen 1983; Wilson and Dowlatabadi 2007). Specifically, lower income households were
found to have misconceptions about how thermostats work, and were often unable to properly
understand how the programmable aspects of their thermostat operated, although educational
levels were not explicitly considered (Peffer et al. 2013). The impact of particular behaviors is
often highly related to the context created by the socioeconomic and demographic environment
in the household, where more affluent households are more likely to engage in more impactful
purchase-related energy behaviors, and larger households are more likely to share the most
energy intensive energy behaviors (i.e. heating and cooling the housing unit) (Costa and Kahn

2010; Costanzo et al. 1986; Ironmonger et al. 1995). Households in lower income groups are

17



more likely to engage in habitual-related energy conservation, even while motivations remain the
same (Dillahunt et al. 2009; Dillman et al. 1983). Other energy practices, such as maintenance of
energy-intensive appliances (e.g., heating and cooling systems), are central to energy
consumption and are generally purchase-related. Furthermore, they often require the hiring of
expensive technicians to complete the work, thereby placing this practice out of reach of lower
income households (Stephenson et al. 2010). The physical size of the home can alter the
effectiveness of maintenance practices on energy consumption as well, complicating the

association (Stephenson et al. 2010).

Demographic factors, particularly household size and householder age, are central to energy
consumption models, especially for households. In an economic sense, household size may
generate economies of scale where the addition of a new household member does not increase
energy consumption as much as the previous member does, through the sharing of communal
energy services, like heating and cooling (Ironmonger et al. 1995; O’Neill and Chen 2002).
Householder age is often positively associated with household income because the householder
is more likely to be in their peak earning years (Jiang and O’Neill 2007; Sakamoto and Powers
2005). These factors are also related to more sociological concepts, such as driving choices
related to energy services demanded, due to the household size or lifestyle (Fritzsche 1981;

Sovacool 2011)

Socioeconomic status and demographic composition are not isolated factors in the Energy
Cultures model, but instead they are importantly related to other concepts and drivers. In addition
to relationships with other concepts, socioeconomic status and demographic composition are
importantly related to each other. Environmental factors like job markets, industries in an area,

and social norms around education can drive not only current incomes, but the expectation of
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future income (Brounen et al. 2012; Kempton and Schipper 1994; Nguyen-Van 2010). Similar
environmental drivers, such as regional cultures, can particularly influence household size
through fertility choices and living arrangements with extended family. As noted above,
householder age is associated with higher incomes for higher ages, and householders in their
middle ages may be more likely to have children and larger household sizes. This combination of
higher incomes with differing household characteristics across householder age is likely to
strongly influence the structural and decision-based aspects of a household’s lifestyle (such as
housing unit type and size), which would lead to variation in the type of energy services
demanded (Hackett and Lutzenhiser 1991). This is the key driving portion of the broad
relationship between socioeconomic status and demographic composition with household energy

services profiles.

The energy services demanded by a household are fulfilled through specific behaviors and
physical characteristics of the household that are the product of environmental,
sociodemographic, and psychological factors to create the energy services profiles. The Energy
Cultures model is far more advanced in conceiving of these factors in groupings, and as
important to energy consumption in general, while the HEF mostly leaves them in the designed
environment category with many other factors (Stephenson et al. 2010; Yust et al. 2002). Profiles
of energy service-providing behaviors and physical characteristics are the last conceptual link

between the household members and the actual physical consumption of energy.

The type and size of housing units influence the amount of household energy use; energy
consumption is higher in larger homes and in detached compared to attached homes (Lenzen et
al. 2006). Space heating is the most important source of energy consumption in households, and

cooling is becoming more widely used (Administration 2012a). Central heating and cooling is far
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more energy-intensive than room heating or cooling, and central units are increasingly popular in
housing units (Kempton and Schipper 1994). Additionally, the age of this equipment is an
incredibly important determinant of efficiency, regardless of the type used (Stephenson et al.
2010). These physical characteristics represent the manifestation of a household’s demand for
energy services, which are often determined in part by distal factors like socioeconomic status,
via decisions frequently unrelated to conscious energy consumption (Sovacool and Brown 2007).
Energy behaviors are linked to both purchasing behaviors and non-financial actions that change
the efficiency, usage patterns, and overall level of energy use within a household. In fact, there is
an important difference for a household between purchase-related behaviors (e.g., purchasing
energy efficient lighting) and habitual behaviors (e.g., limiting lighting use) where purchase

related behaviors tend to be more effective and less variable in their impact (Barr et al. 2005).

While each behavior and characteristic is distinct in its specific impacts, it is likely that these
factors are not independently chosen by households but are clustered. When considering only
engagement in particular energy conservation behaviors, there is a significant debate in the
possibility of clustering of behaviors and characteristics within households compared to
evaluating the engagement in single behaviors (Botetzagias et al. 2014). The debate centers on
how to properly understand specific behaviors, not the constellation of factors that produces
energy consumption overall, often only considering a small subset of energy significant
behaviors and characteristics (Karlin et al. 2012). These individual behaviors and characteristics
are likely related to each other; a person may purchase a large home with an older heating unit
that is inefficient, and has to then decide if they are going to mitigate their energy consumption
by using thermostat settings or through purchasing a new unit. The decision to engage in a

thermostat-based behavior is likely related to the size of the home and the tradeoff of the
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purchase of a newer heating unit, in addition to the level of resources available to the household
after the home purchase (Wilson and Dowlatabadi 2007). This set of decisions itself is clustered
and related to each of the other elements as well as factors such as socioeconomic status,
demographic composition of the household, and other external factors. These other factors are
also related to lifestyle choices that can complicate the decision process, all of which suggests
significant patterning among these characteristics. This patterning is empirically useful as a

construct as well as when evaluating the other concepts.

The energy services profile of a household clearly relates very strongly to both the
sociodemographic characteristics of a household and the environment within which the
household exists. The environment, particularly from a geographic perspective, can influence the
housing stock available and the price points of each type (Ewing and Rong 2008). Broadly, the
efficiency and type of appliances existing within housing units and available for households to
purchase is largely external to the household as well. Even among households with similar
socioeconomic status, significant variation in the presence of particular appliances, as well as
differences in their usage, may exist due to different cultural factors and lifestyle choices based
on regional cultures (Gram-Hanssen 2004). Finally, environmental and climatic factors can

shape these decisions as well, through regulation and the weather itself.

Conclusion

Conceptually, the model is deeply rooted in the HEF and Energy Cultures frameworks with
extensions that provide linkages for socioeconomic and demographic research, and for
understanding different energy-significant behaviors. The model clearly places energy services
profiles closest to energy consumption and allows for the broader household characteristics and

environment to influence these profiles. This takes the newer modeling approach of considering
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a variety of factors and provides a structure that would allow for more transparent testing and

theoretical development.

The conceptual framework contributes to a variety of different literature streams, primarily as
a more refined and testable way to include theories from disparate strains of literature. Adding
specificity and structure extends the HEF, and the Energy Cultures framework is integrated
through the concepts within the energy services profiles. Additionally, because the framework
places environmental and sociodemographic factors before energy services profiles, more
specific theories about lifestyles and lifecycles can be integrated, extending the foundational
behavioral models more toward energy consumption overall. Furthermore, the model broadens
work on the adoption of energy conservation attitudes and behaviors to energy significant
behaviors and characteristics. This is specifically true of the clustering and co-occurrence that the
model assumes for the energy services profiles, which can give a broader idea of energy

consumption behaviors than single indicators of conservation (Karlin et al. 2012).

Finally, the model provides a wider base for empirical work in this dissertation and beyond.
The models that form the basis for this conceptual framework are very useful, but they do little to
help structure general aims or indicate specific theories that might be tested with the framework.
Energy services have been a concept in the literature in a broad way for a long time and
specifically for many years, but the idea that they are fulfilled through a constellation of
behaviors and characteristics (i.e. energy services profiles) is an important and useful empirical
concept for testing and indicating the demand for energy services (Sovacool and Brown 2007;
Stephenson et al. 2010). The model is also very flexible from an empirical and data standpoint, it

requires few specific inputs and is amenable to a wide variety of statistical techniques when
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employing the model quantitatively. Overall, the model represents the best of solid frameworks

that came before it and extends them to better serve the research aims and questions at hand.
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Chapter 3. Data and Methods

Data
Residential Energy Consumption Survey Description

The data source for this project is the Residential Energy Consumption Survey (RECS) data-
series fielded by the Energy Information Administration (EIA) from 1987 to 2009. The 2009
RECS data offers comprehensive sociodemographic information, including education, which is
missing in earlier years. As such, the year 2009 will provide the study’s broadest set of
indicators. These data provide detailed information on physical characteristics and specific
energy behaviors, as well as limited contextual factors (discussed below) across all available
years. These data are collected from a repeated cross-section of households in the United States
in the years 1987, 1990, 1993, 1997, 2001, 2005, and 2009. Each cross-section is nationally
representative of United States households for the survey year when using the frequency weights
provided (see Sample Weights below for more information) (Administration 2012b). Specific

measures and coding are detailed below, along with relevant distributional information.

Measures/Variable Coding

The dependent variable in this analysis is the direct energy consumption of households used at
their place of residence, not including transportation or embedded energy (the energy needed to
produce items used in the home). This is measured through a variable that represents the total of
all direct energy consumption in the household in 10,000 BTU increments. Several analyses
decompose this total energy consumption variable into two fuel types: electricity consumption
and combustible fuel consumption. Electricity consumption reflects all of the electrical energy
consumed in the household. Combustible fuel consumption reflects a combination of all possible

fuels that require combustion to be used; these include natural gas, propane/liquid propane,
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kerosene, fuel oil, and/or wood consumption. Data for each type of fuel is gathered by scanning
bills or invoices for each fuel type or directly asking the householder when invoices or bills are
not available for that fuel type. Most households were able to provide bills or invoices; when an
invoice was not provided, it was most often the case for fuel types such as firewood, which are
not as prevalent. The literature does not currently provide any guidance on potential biases of
self-reported energy consumption, but given the specific fuel types in which self-reporting most

frequently occurs, it should not bias results significantly.

Figure 3.1 shows the distributions of each of the three dependent variables, as well as
their distributions when transformed using a natural logarithm. As such, each variable exhibits

skew when included in regression models; the dependent variables will be adjusted for this by

Figure 3.1. Distribution of Dependent Variables
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transforming them using a natural logarithm. This decision also helps to avoid heteroscedasticity
in regression models in the empirical chapters, which was evaluated using residual error plots

and variance inflation factors.

Socioeconomic status is the primary independent variable of interest for this study.
Socioeconomic status will be measured using a categorical household income measure in all
analyses while educational attainment will be included categorically, but only in models using
the 2009 dataset. Household income includes income from wages as well as investments,
retirement benefits, and other transfers. There are two household income variables used, one for
analyses that use all years in the dataset, and one specific to 2009. The variable used for pooled
analyses uses the following categories: $0 to $4,999, $5,000 to $9,999, $10,000 to $14,999,
$15,000 to $19,999, $20,000 to $29,999, $30,000 to $39,999, $40,000 to $49,999, $50,000 to
$74,999, and more than $75,000. The income variable used for the 2009 analyses has the same
first 8 categories, but is not top-coded at $75,000; it has categories for $75,000 to $99,999,
$100,000 to $119,999, and is top-coded at $120,000 or more. The RECS includes imputed data;
for income, 13.1% of the cases are imputed. Regression models were run using a variety of
specifications that included income as an indicator variable for those observations that were
imputed. These regression results show no significant effects for the imputation indicator and all
parameter estimates were nearly identical. This ensures that the imputation procedures used by
the EIA did not significantly alter the results and those imputed cases can be used without

biasing the results.

Another important concern with the top-coding of the income variable is the loss of detail for
higher income households. This concern is even more salient for households in the 2009 dataset,

where a top code of $75,000 severely limits detail due to inflation. This is likely to impact the
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results in two ways: 1) it is likely that the effects of income will be conservative because the top
code is the referent in the regression models, and the literature suggests that higher incomes

should lead to higher energy consumption (Bhattacharjee and Reichard 2011), and 2) any effects
on energy consumption due to increasing inequality will be harder to find and examine. Despite
these concerns, the income variables are not flawed in such a way that would drastically mislead

the analysis, and provide a useful indicator of socioeconomic status.

A categorical indicator that is only available for the 2009 year of the dataset measures
educational attainment. The specific categories are: less than a high school degree, a high school
degree or General Educational Development (GED), some college, an associate's degree, a
bachelor's degree, and graduate or professional degrees (Ph.D., M.D., J.D.). This variable is only
available in 2009 due to coding changes and omissions across the various years included in the

data series.

Another key focus of the dissertation is on the energy services profiles for the household.
Table 3.1 shows these variables as well as their definitions and the nominal coding. The specific
coding of these variables is not ordinal and methods do not assume any ordering in the
categories. These indicators were chosen to represent the broadest set of energy significant
indicators that could also be harmonized across each year of the dataset. This meant that some

variables had to be omitted due to even very small categorization changes across the survey.
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Table 3.1 Energy Services Profile Variable Definitions and Coding Strategy

Variable

Definition

Coding

Type of Heating Equipment

Type of Cooling Equipment

Age of Heating Equipment

Amount of Housing Unit that is Heated

Thermostat Setting When Home
(Winter)

Housing Type

Number of Televisions

Number of Refrigerators

Dishwasher Used
Clothes Washer Used

Clothes Dryer Used

Type of main space heating equipment

used

Type of air conditioning equipment
used

Age of main space heating equipment

The area of the home that is heated (in

square feet).

Temperature when someone is home
during the day (winter)

The type of housing unit lived in by
the household.

Number of televisions used

Number of refrigerators used

Dishwasher used in home
Clothes washer used in home

Clothes dryer used in home

1=Steamor Hot Water System
2= Central Warm-Air Furnace
3=Heat Pump

4= Built-In Electric Units

5= Floor or Wall Pipeless Furnace
6= Built-In Room Heater

7= Heating Stove

8= Fireplace

9= Portable Electric Heaters
10= Portable Kerosene Heaters
11= Cooking Stove

12= Other Equipment

13= No Space Heating Used

1= Central system

2= Window/wall units
3=Both a previous types
4= No Air Conditioning

1= Less than 2 years old
2=2to 4 years old

3=5to 9years old

4=10or older

5=No Space Heatina or don't know
1=0to 1,599 square feet
2=1,600 to 2,999 square feet
3=3,000 or more square feet
1= Less than 68 Degrees
2=69to 70 Degrees

3=71to 72 Degrees

4= 73 Degrees or Higher

1= Single Family Home

2= Mobile Home

3= 2to 4 Unit Multi-family
4=5 or more Unit Multi-family
1= No Televisions

2=0ne Television

3=Two Televisions

4= Three Televisions
5=Four or more Televisions
1= No Refrigerators

2= 0One Refrigerators
3=Two Refrigerators

4= Three or more Refrigerators
1=No

2=Yes

1=No

2=Yes

1="No

2=Yes
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The type of heating equipment is important to several facets of a household's energy services:
it provides the heating service, each type has very different efficiencies, each type will allow the
household to perceive the energy service delivery differently (e.g., through the floor compared to
a central-air system), and some types provide more of the service than others (e.g., room
heaters/portable heaters compared to a hot water system) (Wilhite et al. 2003; Wilson and
Dowlatabadi 2007). Similarly, the type of cooling equipment has the same attributes. The age of
the equipment can determine the efficiency in delivering the service, but also the level of
maintenance and other key factors impacting performance. The amount of a home that is heated
determines the scale of the heating energy service that is required, leading to more or less energy
consumption. The thermostat setting is a behavioral factor that will determine how hard the
heating systems must work. Different types of housing units have different characteristics that
make them more or less energy efficient and therefore more consumptive. For example,
compared to detached homes, a multi-family units like apartment complexes have some
efficiencies through shared walls. The number and usage of appliances is another key behavioral
indicator for the overall level of energy consumption in the home. The number of televisions can
proxy rising consumer electronics consumption, while the refrigerator variable looks at a
traditionally energy intensive appliance that is highly prevalent, but with an eye toward the scale
of usage (Administration, 2012b). Using a clothes dryer or washer is measured in two separate
indicators and measures the usage of two very common appliances that are often sites of
behavioral change toward energy conservation (Gram-Hanssen 2004). These indicators cover a
broad swath of the types of physical and behavioral characteristics a household has which can

determine energy consumption through their demand on energy services.
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There are a variety of control variables used for each model. The coding and definitions are
summarized in Table 3.2. Each control is included to account for an important energy
characteristic indicated by the literature. Primarily, they capture physical features or other
household characteristics that are important to energy consumption, but are not central foci of the
dissertation. Whether or not a household uses electric heating matters for consumption by fuel
type, because electric heat is less efficient; it can change consumption levels when not accounted
for (Shwom 2011). Renter households have far less control over the provision of the largest
energy services (heating and cooling) than do owners, and the housing unit tenure variable
captures that (Gillingham, Harding, and Rapson 2012). Housing unit size is strongly correlated
with income and is an important factor to control for when specifically addressing income.
Finally, there are some factors external to households, such as the temperature in relation to

heating and cooling, which are indicated by heating and cooling degree days.

Table 3.2 Control Variable Definitions and Coding Strategy

Variable Definition Coding
Electric Heating Indicator for presence of electric heating 1= Electric heating is present
0= Electric heating is not present

Housing Unit Tenure Categorical variable showing type of home 1= Owner
ownership. 2=No rent
3= Renter
Housing Unit Size Categorical variable showing total household size in 1=0to 999
square feet, created through measurements of home 2=1,000 to 1,999
by interviewer. 3=2,000to 2,999

4= 3,000 or more
Heating Degree Days 65 Continuous variable that shows the annual sumof Range:0to 13.7

the number of degrees each day's average
temperature is below 65 in 1,000s.

Cooling Degree Days 65 Continuous variable that shows the annual sumof Range:0to 5.761
the number of degrees each day's average
temperature is above 65 in 1,000s.
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being pushed back on average and varies over time, especially in more recent years, this measure
best captures the desired concept across the entire period (Albright 2012). Household size is

measured with a categorical variable ranging from 1 member to 5 or more members.

Chapter 3 contains a detailed discussion of these variables, as well as the control
variables used in the descriptive and regression analyses. Control variables include housing unit
size, housing unit ownership, heating and cooling degree-days, and the usage of electrical

heating appliances for primary heating.

Analysis Plan

The primary method employed in the analysis for this chapter is ordinary least squares
(OLS) regression on logged dependent variables. This approach is a methodologically
appropriate choice that adjusts for skewness in the outcome. This method and coding strategy
also has the benefit of intuitive interpretations for coefficients: for a one-unit change in the
independent variable, you can expect a specific percentage change in energy consumption
defined by the exponentiated coefficient. As mentioned in Chapter 3, this interpretation method
may lead to conservative interpretations of negative coefficients and exaggerated interpretations

of positive coefficients.

The analysis begins by examining broad descriptive trends in energy consumption,
including key predictors and control variables across time, fuel-type, and socioeconomic status.
These trends form the basis for understanding and validating regression models designed to
examine specific Research Aims. It is expected that general trends in these descriptive statistics
will tell a similar story as that found in the literature. It will also provide additional insight into

the findings of the regression analysis. Regression models in this section are built progressively.
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Initially, they seek to establish baseline relationships for socioeconomic status indicators and
then control for relevant drivers that might explain or mediate the relationship. Research Aim 4.1
and 4.2 are tested by including income and educational attainment separately, then adding
control variables to understand how they mediate the relationship. Finally, household
compositional variables are added to the model to understand their role in mediating the effects
of income and education. Table 4.4, which mirrors this model-building strategy, is run for logged

electricity use and logged combustible fuel usage in order to begin to address Research Aim 4.4.

It is possible that qualitative differences exist between groups that have similar
educational levels but different incomes. To understand this, regression models are run across
educational attainment levels. Table 4.5 further addresses Research Aim 4.2 by examining

differences in the full model from the previous tables across educational attainment.

The effect of income across time is analyzed by using the full dataset that contains all of
the years in the study and running the full model with an interaction between each year and each
income indicator. These interaction terms allow me to test for significant differences in the effect
of income at each time point and to account for some of the differences due to inflation. Table
4.6 primarily tests Research Aim 4.3, which discusses the gradient in energy consumption over
time. This model is also run separately for each fuel type to continue to address Research Aim

4.4 as a part of these tests.

To understand how household compositional factors work together, interaction terms are
applied again in Table 4.7. Models in Table 4.7 start by including householder age and
household size along with an interaction to test for significant differences in the effect of

householder age across household size. These models then add controls for the presence of an
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elderly household member, which might confound the effect of age or change how it relates to
household size. Socioeconomic status variables are added to test Research Aim 4.5, followed by
additional controls to test for the robustness of the finding once considering socioeconomic

status.

Results

General Trends

As Figure 4.1 shows, the average total energy consumption of households decreased
12.6% over the study period from 106,023 (10,000 BTUs) in 1987 to 89,996 in 2009. There were
large declines in combustible fuel use across the period which decreased by 30.1% from 1987 to
2009 while electricity use actually increased 31.6% over the period. There was still a net decline
because electricity makes up a much lower share of the total energy consumption among
households than combustible fuels do. The trends have become more pronounced since 1993.
Underlying these trends are changes in the distribution of energy consumption across income and
household composition.

Figure 4.1. Average Household Energy Consumption by Fuel, United States, 1987-2009
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Table 4.1 provides descriptive statistics across time points and income levels. This table
indicates that households with lower incomes use less energy on average than higher earning
households, but all groups are using less in 2009 than in 1987. Based on the Energy
Consumption section of Table 4.1, households that earn less than $20,000 used 52.2% ((69426-
105707)/ 69426) less energy on average than those that make $50,000 or more in 2009. Further,
middle earning households ($20,000 to $49,999) use 31.3% less than higher income households
that make $50,000 or more, showing an essentially linear increase in energy use for these large
income categories. Electricity consumption results are shaped similarly to overall energy use
trends—the lowest income households use 44.5% less than those in the highest income group
and 16.2% less than middle-income households. Lower income households use 32% less
combustible fuels than the higher income households and 15.6% less than middle-income
households. These results indicate a linear relationship between income and combustible fuels.
The increasingly sharp upturn in energy consumption at higher levels may also be linked to the
relative share of energy consumption made up by combustible fuels compared to electricity,
although an unknowable portion of this is due to inflation over the period. There are small

differences in the share of energy consumption by fuel across socioeconomic status.
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Table 4.1. Descriptive Statistics by Income Group and Year, United States, 1987-2009

Income Group

$0 to $19,999 $20,000 to $49,999 $50,000 or more Overall
Variables 1987 1993 2001 2009 1987 1993 2001 2009 1987 1993 2001 2009 1987 1993 2001 2009
Energy Consumption
Total Energy (10,000 BTU) 92,596 87518 74382 69,426 105576 102,833 90,874 80,453 134,667 128451 114519 105,707 103,023 103235 94,948 89,996
Electricity (10,000 BTU) 23164 26,830 27,696 30,482 33231 37531 34376 35426 39,825 43886 44,056 44,159 29,275 35127 36,062 38515
Combustible Fuels (10,000 BTU) 69,432 60,688 46,687 38,944 72,345 65302 56,498 45,027 94,841 84564 70,463 61,547 73,748 68,108 58885 51,481
Education
Less that HS 25.91% 11.38% 2.92% 10.20%
High School/ GED 35.23% 33.37% 17.50% 26.43%
Some College 20.94% 25.52% 20.49% 22.35%
Associate's 6.08% 10.00% 11.32% 9.87%
Bachelor's 9.14% 13.91% 29.32% 20.09%
Graduate/Professional 2.71% 5.82% 18.47% 11.05%
Household Size
1 3390% 3539% 4273% 4206%  14.05% 17.55% 23.10% 27.20% 402% 599%  915% 12.13% 2222% 21.33% 2327% 23.05%
2 31.46% 3043% 2756% 26.00%  3517% 34.72% 36.12% 33.05% 3567% 3410% 36.68% 36.97% 3347% 33.02% 34.09% 33.53%
3 1439% 1457% 13.74% 13.62%  19.68% 1842% 15.81% 15.91% 2244% 22.01% 19.60%  19.50% 1751% 17.86% 16.61% 17.13%
4 10.84% 10.58% 8.07%  9.54% 17.96% 17.62% 13.72% 12.22% 2516% 2297% 21.71% 18.22% 1548% 16.31% 15.08% 14.47%
5+ 941%  9.03% 7.91%  8.78% 13.13% 11.68% 11.25% 11.61% 12.71% 14.93% 12.85% 13.19% 11.32% 11.48% 10.95% 11.81%
Householder Age (Years) 50.91 51.13 55.59 51.86 43.75 45.36 49.59 50.41 45.01 44.98 47.97 48.36 47.30 47.36 50.58 49.74
Housing Unit Tenure
Owner 4890% 4562% 46.41% 39.66%  73.09% 72.75% 69.08% 62.26% 87.29% 8591% 8451% 82.56% 63.38% 65.97% 68.64% 67.37%
Renter 4883% 51.74% 51.20% 5803%  2543% 26.52% 29.85%  36.36% 1245% 13.66% 14.67% 16.88% 34.92% 32.68% 30.03% 31.46%
No Rent 227%  264%  240%  2.31% 148% 073%  107%  1.38% 026%  042%  0.82%  0.56% 170%  135% 133% 1.18%
Housing Unit Size
0to 999 sqft. 46.31% 43.09% 4281% 49.15%  22.28% 20.52% 23.14% 25.95% 72%  7.14%  800%  9.40% 3057% 25.88% 22.80% 23.59%
1000 to 1999 sqft. 36.37% 37.74% 37.77% 3199%  38.96% 38.17% 40.92%  40.16% 24.05% 27.98% 26.33% 27.10% 35.71% 3580% 34.88% 32.77%
2000 to 2999 sqft. 13.63% 13.60% 14.05% 12.45%  25.80% 26.10% 21.61% 21.13% 39.44% 3486% 2878% 29.13% 2246% 2342% 22.22%  22.80%
3000 sqft. and over 368% 557%  537%  6.40% 1297% 1521% 14.34% 12.76% 29.21% 30.01% 36.89% 34.36% 11.26% 14.89% 20.10% 22.08%
Housing Unit Type
Mobile 843%  919% 1022%  8.43% 435%  6.95%  8.04%  6.01% 091%  1.63% 2.76%  1.69% 586%  6.53%  6.74%  4.48%
Single Family 52.79% 5256% 50.88% 46.10%  7401% 73.13% 68.81% 68.26% 87.55% 89.00% 8451% 85.28% 65.63% 69.36% 69.70%  71.94%
2-4 Units 16.86% 11.98% 14.14% 14.73% 938%  664%  965%  8.83% 571%  381% 511%  3.89% 1247% 7.92%  921%  7.66%
5 or more Units 2191% 26.28% 2476% 30.75%  12.26% 13.28% 1350% 16.90% 584%  556%  7.63%  9.14% 16.04% 16.20% 14.35% 15.91%

Note: Estimates are Frequency Weighted to be Nationally Representative.
Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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Combustible fuel consumption makes up 58.2% of total energy consumption for
households that make $50,000 or more, and 56.1% for households that make less than $20,000.
Table 4.1 and Figure 4.1 demonstrate that energy use decreases over time for all income groups,
albeit at different rates. This is different by fuel type where electricity increased over time while
combustible fuels decreased, again at different rates with the most substantial changes at lower

incomes.

Household income also shows interesting patterns across other important energy
consumption factors in Table 4.1. Lower income households are far more likely to have less than
a high school education (25.9% compared to 2.9% for those that make over $50,000), while
29.3% of higher income householder’s have a bachelor’s degree compared to 13.9% of middle-
income households or 9.1% of lower income households. Lower income households are more
likely to be renters than owners: 58% of lower income households rent compared to 16.98% of
high-income households in 2009. Rental housing units are also less likely to be single family
units; in fact, higher income households are far more likely to live in single family homes (87.6%
lived in single family homes in 1987 compared to 52.7% of lower income households) and this
disparity increases over time; 85.3% of high income households lived in single family housing
units in 2009 compared to only 46.1% of lower income households. Households with the highest
incomes are far more likely to have housing units that are 3,000 square feet or larger than those

with the lowest incomes, 6.4% compared to 34.36% for higher income households.

Perhaps the most important are trends in Table 4.1 are those showing household
compositional differences across income levels, suggesting a potential linkage between the two
in how they influence energy consumption. All of the income groups show evidence of the aging

that has been seen in the general population; however, the oldest householders are in the lowest
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Figure 4.3 Energy Consumption by Householder Age and Fuel, United States, 1987-2009
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Regression Analyses

The descriptive results provide some evidence for the general direction of all five Research
Aims, but regression analyses allow a more detailed and specific set of results. The following
section displays and analyzes these results. Table 4.3 specifically targets Research Aims 4.1 and
4.2, focusing on the relationship between socioeconomic status and the natural log of total
household energy consumption. This analysis is limited to 2009 because educational attainment
is only included in that dataset. Additionally, because the dependent variable is logged,
coefficients are interpreted as the percent change for a one unit change in the independent
variable. These calculations are made by exponentiating the coefficient, then calculating percent
change by the exponentiated results relationship to 1. So, a coefficient of -.65 would be turned

into a 48% decrease for each unit increase by e~%=.52, then 1-.52=.48, which is a 48% decrease.
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A coefficient of .65 yields 1.92 when exponentiated (e:%°=1.92), yielding a 92% increase for each

one unit increase in the independent variable (1.92-1=.92).

Table 4.3. OLS Regression Estimates for Socioeconomic Status on Logged Total Household Energy Consumption, United States, 2009

Model 1 Model 2 Model 3 Model 4 Model 5
B e® P B e® P B e® P B e® P B e® P
Socioeconomic Status
Household Income ($120,000)
$0 to $4,999 -0.65 *** 0,52 0.000 -0.68 *** 051 0.000 -0.24 *** 0,79 0.000 -0.15 *** 0.86 0.000
$5,000 to $9,999 -0.75 ***  0.47 0.000 -0.77 *** 046 0.000 -0.29 *** 0.75 0.000 -0.18 *** 084 0.000
$10,000 to $14,999 -0.7 *** 050 0.000 -0.72 *** 049 0.000 -0.29 *** 0,75 0.000 -0.19 *** 0.83 0.000
$15,000 to $19,999 -0.63 *** 053 0.000 -0.66 *** 052 0.000 -0.24 *** 079 0.000 -0.16 *** 0.85 0.000
$20,000 to $29,999 -0.55 *** 0,58 0.000 -0.58 *** 056 0.000 -0.25 **¥* 0,78 0.000 -0.18 *** 0.84 0.000
$30,000 to $39,999 -0.54 ¥** 0,58 0.000 -0.56 *** 057 0.000 -0.26 *** 0,77 0.000 -0.2 ¥** 0.82 0.000
$40,000 to $49,999 -0.42 *** 0,66 0.000 -0.45 *** 0.64 0.000 -0.23 *** 0,79  0.000 -0.19 *** 0.83 0.000
$50,000 to $74,999 -0.36 *** 0.70 0.000 -0.38 *** 068 0.000 -0.21 *** 081 0.000 -0.17 *** 0.84 0.000
$75,000 to $99,999 -0.24 *** 0,79 0.000 -0.25 *** 0,78 0.000 -0.17 *** 0.84 0.000 -0.15 *** 0.86 0.000
$100,000 to $119,999 -0.11 *** 0,90 0.000 -0.12 *** 0.89 0.000 -0.13 *** 0.88 0.000 -0.12 *** 0.89 0.000
Educational Attainment (Graduate/Professional Degree)
Less that HS -0.33 ¥** 072 0.000 0.014 101 0585 0.11 *** 112 0.000 0.0044 100 0.822
High School or GED -0.18 *** 084 0.000 0.071 *** 107 0.001 0.091 *** 110 0.000 0.038 * 1.04 0.015
Some College -0.14 ***  0.87 0.000 0.061 ** 106 0.004 0.098 *** 110 0.000 0.055 *** 1,06 0.000
Associate's Degree -0.12 *** 089 0.000 0.031 1.03 0.207 0.046 * 1.05 0.015 0.012 1.01 0516
Bachelor's Degree -0.07 ** 0.93 0.001 -0.003 100 0.873 0.015 1.02 0.361 0.0011 1.00 0.943
Household Composition
Household Size (Size 1)
Size 2 0.2 ¥** 122 0.000
Size 3 0.32 *** 138 0.000
Size 4 0.37 *** 145 0.000
Size 5 0r More 0.45 *** 157 0.000
Age of Household Head 0.0032 *** 100 0.000
65+ Member (Yes=1) -0.036 ** 096 0.008
Controls
Electric Heating (Yes=1) -0.37 *** 069 0.00 -0.36 *** 0.70 0.000
Housing Unit Tenure (Owner)
No Rent -0.12 *** 0.89 0.00 -0.12 *** 0.89 0.000
Renter 0.063 107 011 0.049 1.05 0.196
Heating Degree Days 65 (1000s) 0.093 *** 110 0.00 0.1 *** 111 0.000
Cooling Degree Days 65 (1000s) 0.08 *** 108 0.00 0.086 *** 1.09 0.000
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. -0.73 *** 048 0.00 -0.62 *** 054 0.000
1000 to 1999 sqft. -0.36 *** 0.70 0.00 -0.32 *¥** 0,73 0.000
2000 to 2999 sqft. -0.19 *** 083 0.00 -0.16 *** 0.85 0.000
Constant 116 *** 11.4 *** 116 *¥** 11,3 *** 0.00 109 *** 0.000
R-squared 0.1104 0.0174 0.1125 0.4844 0.5241

N=12,083; * p<0.05, ** p<0.01, *** p<0.001
Note: Referent in Parentheses

Model 1 in Table 4.3 shows that those making from $0-$4,999 use .65 less logged total

energy than those households with an income of $120,000 or higher without adding any controls.

In percent terms this lowest income group used 48.0% less (1-e~%= 1-.52=.48) than the highest.

Households that make $100,000 to $119,000 use 10.4% less than those making more than

$120,000 (1-e~!1=1-.90=.10). The relationship is graded, showing a stronger negative effect at
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lower incomes than at higher incomes closer to the referent. Education shows a similar trend to
income. At lower educational attainment levels, households use less energy (see Model 2). Those
with less than a high school degree use significantly less energy (28.1%) than those with a
graduate/professional degree without additional controls. This trend continues even at higher
attainment levels. Households where the householder had a bachelor’s degree still used

significantly less energy (6.9% less).

Model 3 of Table 4.3 includes income and education in the same model. The effect of
income is relatively unchanged by controlling for education. However, after accounting for
income, educational attainment has a much different effect. Compared to those with a
graduate/professional degree, those with a high school degree/GED use 7.4% more energy
(statistically significant), similar to those with some college, which significantly used 6.3%
more. The previously linear effect of education has changed to where only the middle

educational attainments are significantly different from the highest.

Models 4 and 5 add additional control variables to Table 4.3 that greatly mediate the
effect of income and education on energy consumption. Model 4 adds control variables (heating
and cooling degree days, housing unit size and ownership, and using electricity for heat) and
decreases the size of the income effect substantially. As an example, the effect of having an
income between $0 and $4,999 on energy use reduces by 64.7% from Model 1 to Model 4. This
suggests that much of the effect of income is captured by controls such as housing unit size and
ownership. Educational attainment remains essentially unchanged across these two models.
Model 5 introduces household compositional factors, and further reduces the effect of
educational attainment. Educational differences in household composition are reflected in the

mediated effect of education, and the return to the same relationship seen in Model 3. As
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predicted by the literature, increases in energy consumption at higher household sizes are shown
with households with 5 or more members using 56.8% more than single person households;
however, the predicted economies of scale do not appear as strongly as per capita showed,
suggesting they may be accounted for by socioeconomic status, householder age, or housing unit
size. Across all ages, for each year householder ages, energy consumption increases by .03%. It
IS important to note that net of many other factors, having a person over 65 present in the home
reduces energy consumption by 3.5% while controlling for income, this could be due to lower
adoption of energy-intensive devices at higher ages (Frederiks et al. 2015, Tonn and Eisenberg
2007). This model does not support the exponential relationship suggested (Research Aim 4.2),
but does show support for higher energy consumption at higher levels of income (Research Aim

4.1).

Table 4.4 highlights the same model-building procedures that were used in Table 4.3, but
presents results separately for logged electricity consumption (in 10,000 BTU) and combustible
fuel consumption (in 10,000 BTU). Panel A presents the regression results for electricity usage.
The effect of income on electricity consumption in Model 1 is very similar, but slightly smaller
than the effect for total energy consumption. The slope for households that earn less than $5,000
of income is b=-.65 for total energy and b=-.51 for electricity consumption). Model 1 in Panel
B, which shows results for combustible fuels, demonstrates the very large effect of income on
combustible fuel consumption (as seen in Model 4, this is highly related to housing stock size).
Households that earned between $0 and $4,999 use 93.0% less than those that made more than
$120,000. This is to be expected based on descriptive statistics that showed larger mean
differences in average combustible fuel consumption across income. Educational attainment

show that householders with less than a high school degree use less electricity and combustible
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fuels than those with a graduate/professional degrees (Model 2), but householders with any other
degree attainment use more than those with a graduate/professional degree. Once income is

controlled for, the effect of education on combustible fuel consumption is nearly entirely
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Table 4.4. OLS Regression Estimates for Socioeconomic Status on Logged Household Energy Consumption by Fuel Type, United States, 2009

A. Hectricity Consumption

Model 1 Model 2 Model 3 Model 4 Model 5
B e® P B e® P B e® P B e® P B e® P
Socioeconomic Status
Household Income ($120,000)
$0to $4,999 -0.510 *** 0,600  0.000 -0.570 0.566  0.000 -0.290 *** 0.748  0.000 -0.160 *** 0.852 0.000
$5,000 to $9,999 -0.680 *** 0507  0.000 -0.750 0472 0.000 -0.400 *** 0670  0.000 -0.220 *** 0.803 0.000
$10,000 to $14,999 -0.580 *** 0560  0.000 -0.650 0522 0.000 -0.340 *** 0712 0.000 -0.170 *** 0.844 0.000
$15,000 to $19,999 -0.510 *** 0,600  0.000 -0.580 0.560  0.000 -0.300 *** 0.741  0.000 -0.170 *** 0.844 0.000
$20,000 to $29,999 -0.450 *** 0638  0.000 -0.520 0595  0.000 -0.300 *** 0741  0.000 -0.180 *** 0.835 0.000
$30,000 to $39,999 -0.410 *** 0664  0.000 -0.470 0625 0.000 -0.290 *** 0748  0.000 -0.190 *** 0827 0.000
$40,000 to $49,999 -0.300 *** 0741  0.000 -0.360 0698  0.000 -0.230 *** 0795  0.000 -0.160 *** 0852 0.000
$50,000 to $74,999 -0.270 *** 0.763  0.000 -0.320 0.726  0.000 -0.210 *** 0811  0.000 -0.150 *** 0.861 0.000
$75,000 to $99,999 -0.180 *** 0,835  0.000 -0.210 0811  0.000 -0.150 *** 0.861  0.000 -0.130 *** 0,878 0.000
$100,000 to $119,999 -0.110 *** 0896  0.001 -0.130 0.878  0.000 -0.120 *** 0,887  0.000 -0.120 *** 0,887 0.000
Educational Attainment (Graduate/Professional Degree)
Less that HS -0.180 *** 0.835  0.000 -0.082 *** 0921  0.000 -0.015 0985 0410 -0.068 *** 0.934 0.000
High School or GED 0.050 ** 1.051  0.006 0.003 1003 0871 -0.001 0999 0924 0.005 1.005 0.724
Some College 0.060 * 1062 0011 -0.027 0973  0.239 -0.051 ** 0950  0.006 -0.036 * 0.965 0.043
Associate’s Degree 0.026 1026  0.160 -0.130 *** 0.878  0.000 -0.140 *** 0.869  0.000 -0.094 *** 0,910 0.000
Bachelor's Degree 0.044 + 1045 0.051 -0.170 *** 0844  0.000 -0.190 *** 0.827  0.000 -0.130 *** 0.878 0.000
Household Composition
Household Size (Size 1)
Size 2 0.280 *** 1.323 0.000
3 0.410 *** 1507 0.000
Size 4 0.460 *** 1584 0.000
Size 5 or More 0530 *** 1699  0.000
Age of Household Head 0.002 *** 1002  0.000
65+ Member (Yes=1) -0.088 *** 0916 0.000
Controls
Electric Heating (Yes=1) 0510 *** 1,665 0.000 0510 *** 1,665 0.000
Housing Unit Tenure (Owner)
No Rent -0.180 *** 0.835  0.000 -0.220 *** 0.803 0.000
Renter 0.058 1.060 0.206 0.021 1.021 0.631
Heating Degree Days 65 (1000s) 0.055 *** 1057  0.000 0.061 *** 1063  0.000
Cooling Degree Days 65 (1000s) 0.200 *** 1221  0.000 0210 *** 1234 0.000
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. -0.750 *** 0472 0.000 -0.620 *** 0,538 0.000
1000 to 1999 sqft. -0.370 *** 0691  0.000 -0.330 *** 0.719 0.000
2000 to 2999 sqft. -0.220 *** 0803  0.000 -0.200 *** 0.819 0.000
Constant 10.700 *** 10.300 *** 10.80 *** 10.300 *** 9.810 ***
R-squared 0.0669 0.0091 0.0751 0.3982 0.4574
B. Combustible Fuels Consumption
Model 1 Model 2 Modkel 3 Modkl 4 Model 5
Socioeconomic Status
Household Income ($120,000)
$0to $4,999 -2.660 *** 0070  0.000 2560 *** 0077  0.000 -0.68 *** 0507  0.00 -0.600 *** 0549 0001
$5,000 to $9,999 -2470 *** 0085  0.000 -2.380 *** 0093  0.000 044 * 0644 001 -0.380 * 0684  0.034
$10,000 to $14,999 -2.320 *** 0,098  0.000 -2.220 *** 0109  0.000 -056 *** 0571  0.00 -0510 ** 0600 0.002
$15,000 to $19,999 -2540 *** 0,079  0.000 -2.430 *** 0,088  0.000 -062 *** 0538  0.00 -0.590 *** 0554  0.000
$20,000 to $29,999 -2.260 *** 0104  0.000 -2.150 *** 0116  0.000 064 *** 0527 000 -0.600 *** 0549  0.000
$30,000 to $39,999 -2.230 *** 0108  0.000 -2.120 *** 0120  0.000 <071 *** 0492  0.00 -0.670 *** 0512  0.000
$40,000 to $49,999 -1.800 *** 0165  0.000 -1.710 *** 0181  0.000 -0.63 *** 0533  0.00 -0.600 *** 0549  0.000
$50,000 to $74,999 -1.460 *** 0232 0.000 -1.380 *** 0252  0.000 <055 *** 0577  0.00 -0.520 *** 0595  0.000
$75,000 to $99,999 -1.040 *** 0353  0.000 -1.000 *** 0368  0.000 -054 *** 0583  0.00 -0.530 *** 0589  0.000
$100,000 to $119,999 -0.390 *** 0,677  0.000 -0.350 0705 0.115 032 * 0726  0.03 -0.310 * 0.733  0.039
Educational Attainment (Graduate/Professional Degree)
Less that HS -0.160 0852 0320 0.130 1139  0.404 018 + 1197 0.08 0.093 1097 0387
High School or GED 0.200 1221 0108 0.034 1035 0782 018 * 1197 003 0200 * 1221 0013
Some College 0.250 1284 0121 -0.064 0938  0.690 0.039 1040 072 0.078 1.081  0.469
Associate's Degree 0.890 *** 2435  0.000 0270 * 1310 0043 018 * 1197 004 0240 ** 1271  0.006
Bachelor's Degree 1.110 *** 3034  0.000 0.230 1259  0.150 0.12 1127 028 0.180 + 1197  0.089
Household Composition
Household Size (Size 1)
Size 2 0230 ** 1259  0.005
Size 3 0330 *** 1391  0.001
Size 4 0.450 *** 1568  0.000
Size 5 or More 0,630 *** 1.878  0.000
Age of Household Head 0007 * 1007 0011
65+ Member (Yes=1) 0.085 1.089 0370
Controls
Electric Heating (Yes=1) -6.63 *** 0001 000 -6.610 *** 0001  0.000
Housing Unit Tenure (Owner)
No Rent -024 ** 0787 0.0 -0.190 * 0827 0017
Renter 0.015 1015 096 0.037 1038 0.888
Heating Degree Days 65 (1000s) -0.045 * 0956  0.03 -0.034 0967 0112
Cooling Degree Days 65 (1000s) -0.73 *** 0482  0.00 -0.720 *** 0487  0.000
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. -1.05 *** 0350 0.0 -0.890 *** 0411  0.000
1000 to 1999 sqft. -0.86 *** 0423  0.00 -0.780 *** 0458  0.000
2000 to 2999 sqft. -041 *** 0664  0.00 -0.370 *** 0691  0.000
Constant 973 *¥* 77 *H* Q.55 *¥* 126 *** 118 ***
R-squared 0.0291 0.0082 0.0296 0.5735 0.5749

N=12,083; * p<0.05, ** p<0.01, *** p<0.001
Note: Referent in Parentheses
Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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mediated while the effect of most educational attainment levels becomes negative for electricity
use (Model 3).

Model 4 of Table 4.4 introduces controls for housing unit size and ownership as well as
heating type and weather. Model 5 adds demographic household composition factors (household
size and householder age). The effect of educational attainment on both fuel types show a lack of
significant results and smaller coefficients when household composition is included in the
models. There is also a considerable reduction in the effect of income when considering
household composition (44.8 % reduction in the coefficient for the lowest income group for
electricity and a 73.4% reduction for combustible fuel consumption both comparing Model 3 to
Model 4). The addition of household compositional factors does not alter the effects of
socioeconomic status for combustible fuels, but educational attainment is significant again, in a
pattern similar to Model 3, for electricity use once demographic characteristics are introduced.
Variation in the control variables across housing composition and educational attainment appears
to change the effect of education, further implicating the connection between household
composition and socioeconomic status as a central connection for energy consumption.
Household composition mediates the effect of income on electricity use more than on
combustible fuel use (44.8% lower coefficient in the lowest income group for electricity

compared to an 11.8% reduction in that same group for combustible fuels).

The effect of income might be highly varied based on the level of a householder’s
educational attainment that a householder has. Table 4.5 highlights this by displaying the effect
of income, controlling for other important drivers, on logged total energy consumption for each
level of educational attainment. The effect of income is entirely insignificant for those with less

than a high school degree, and only becomes significant for those with a graduate/professional
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Table 4.5. OLS Regression Estimates on Logged Total Household Energy Use by Educational Attainment, United States, 2009

62

Less than HS High School or GED Some College Associate's Degree Bachelor's Degree Graduate/Professional
B e®  P-value B e®  P-value B e®  P-value B e®  P-value B e®  P-value B e®  P-value
Household Income ($120,000)
$0 to $4,999 -0.270 0.763  0.101 -0.130 * 0.878 0.013 -0.140 **  0.869 0.008 -0.180 +  0.835 0.064 -0.170 **  0.844 0.005 -0.190 0.827 0111
$5,000 to $9,999 -0.290 + 0.748  0.080 -0.240 *** 0,787  0.000 -0.081 0922 0134 -0.170 0.844 0.128 -0.150 * 0.861 0.038 -0.130 0.878  0.265
$10,000 to $14,999 -0.320 * 0.726  0.048 -0.240 *** 0,787  0.000 -0.054 0.947 0.262 -0.330 *** 0719 0.001 -0.150 * 0.861 0.019 -0.240 + 0.787  0.055
$15,000 to $19,999 -0.230 0795 0171 -0.150 **  0.861 0.003 -0.160 *** 0852 0.001 -0.230 **  0.795 0.009 -0.230 *** 0795 0.000 -0.250 * 0.779 0.012
$20,000 to $29,999 -0.240 0.787  0.130 -0.200 *** 0819 0.000 -0.160 *** 0852 0.000 -0.160 * 0.852 0.012 -0.220 *** 0.803 0.000 -0.130 * 0.878 0.038
$30,000 to $39,999 -0.330 * 0719  0.041 -0.220 *** 0.803 0.000 -0.130 *** 0.878 0.001 -0.200 ** 0.819 0.002 -0.240 *** 0787  0.000 -0.210 *** 0.811 0.000
$40,000 to $49,999 -0.230 0795 0.169 -0.260 *** 0,771  0.000 -0.130 *** 0.878 0.001 -0.170 **  0.844 0.008 -0.180 *** 0.835 0.000 -0.140 ** 0869  0.003
$50,000 to $74,999 -0.270 0.763  0.106 -0.190 *** 0.827  0.000 -0.130 *** 0.878  0.000 -0.210 *** 0811  0.000 -0.160 *** 0.852  0.000 -0.180 *** 0.835 0.000
$75,000 to $99,999 -0.130 0.878  0.462 -0.150 **  0.861 0.003 -0.100 **  0.905 0.007 -0.270 *** 0,763  0.000 -0.130 *** 0.878  0.000 -0.160 *** 0852  0.000
$100,000 to $119,999 -0.200 0819 0372 -0.150 * 0.861 0.011 -0.025 0975 0616 -0.170 * 0.844 0.014 -0.150 *** 0.861 0.000 -0.110 **  0.896  0.009
Household Composition
Household Size (Size 1)
Size 2 0.180 *** 1197  0.000 0.190 *** 1209 0.000 0.200 *** 1221  0.000 0.140 *** 1150 0.000 0.200 *** 1221  0.000 0.230 *** 1259  0.000
Size 3 0.290 *** 1336  0.000 0.330 *** 1391 0.000 0.350 *** 1419 0.000 0.270 *** 1310 0.000 0.270 *** 1310 0.000 0.340 *** 1405 0.000
Size 4 0.260 *** 1297  0.000 0.370 *** 1.448 0.000 0.400 *** 1492  0.000 0.370 *** 1448 0.000 0.360 *** 1433 0.000 0.400 *** 1492  0.000
Size 5 or More 0.360 *** 1433  0.000 0.430 *** 1537 0.000 0.490 *** 1632 0.000 0.490 *** 1632 0.000 0.420 *** 1522  0.000 0.450 *** 1568 0.000
Age of Household Head 0.002 1002 0159 0.003 *** 1,003 0.000 0.003 *** 1003 0.000 0.004 ** 1,004 0.005 0.004 *** 1004 0.000 0.003 ** 1003 0.008
65+ Member (Yes=1) -0.077 0926 0.131 -0.067 * 0935 0.013 -0.011 0.989 0.663 -0.041 0960 0.371 -0.020 0.980 0.505 0.028 1028 0473
Controls
Electric Heating (Yes=1) -0.350 *** 0,705  0.000 -0.340 *** 0712  0.000 -0.350 *** (0,705 0.000 -0.380 *** 0.684 0.000 -0.390 *** 0,677 0.000 -0.370 *** 0,691  0.000
Housing Unit Tenure (Owner)
No Rent -0.150 *** 0861  0.000 -0.140 *** 0.869  0.000 -0.130 *** 0.878  0.000 -0.120 **  0.887  0.002 -0.120 *** 0.887  0.000 -0.027 0973 0522
Renter -0.030 0970  0.759 0.080 1.083 0.289 -0.040 0961 0.632 0.190 1.209 0.140 0.062 1.064 0.469 -0.031 0969 0.828
Heating Degree Days 65 (1000s) 0.120 *** 1127  0.000 0.089 *** 1,093 0.000 0.094 *** 1099 0.000 0.085 *** 1089 0.000 0.110 *** 1116 0.000 0.110 *** 1116 0.000
Cooling Degree Days 65 (1000s) 0.079 *** 1082  0.000 0.055 *** 1,057 0.000 0.086 *** 1090 0.000 0.066 ** 1068 0.002 0.120 *** 1127 0.000 0.100 *** 1105 0.000
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. 0.079 *** 1082  0.000 0.055 *** 1,057 0.000 0.086 *** 1,090 0.000 0.066 ** 1.068 0.002 0.120 *** 1,127  0.000 0.100 *** 1,105 0.000
1000 to 1999 sqft. -0.630 *** 0533  0.000 -0.540 *** 0583  0.000 -0.600 *** 0549  0.000 -0.430 *** 0,651 0.000 -0.720 *** 0.487  0.000 -0.720 *** 0487  0.000
2000 to 2999 sqft. -0.250 *** 0779  0.000 -0.250 *** 0,779  0.000 -0.290 *** (0.748  0.000 -0.230 *** (0,795 0.000 -0.370 *** 0,691  0.000 -0.500 *** 0,607 0.000
Constant 11.000 *** 0.000 11.000 *** 0.000 10.900 *** 0.000 10.900 *** 0.000 10.800 *** 0.000 10.800 *** 0.000
N 1233 3193 2701 1193 2428 1335
R-squared 0.4393 0.4704 0.5566 0.4644 0.5945 0.5917

* p<0.05, ** p<0.01, *** p<0.001
Note: Referent in Parentheses
Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009



degree if they made $15,000 or more. The middle educational attainments all show more
significant effects of income; however, all categories of income are significant for those with a
high school degree and most categories are significant for those with a bachelor’s degree. The
effect of income is essentially U-shaped across households with a high school, associate’s, and

bachelor’s degrees, and linear for those with some college.

Results from Table 4.5 demonstrate that in prior models the effect of educational
attainment on energy consumption was moderated due to an interaction with income.
Additionally, household compositional factors are fairly stable in their effect across educational
attainments. Household size demonstrates a similar shape across all attainments, with slightly
varying magnitudes. The effect of age is very similar across most educational attainments, but
not significant or as large for those with less than a high school degree. Given the large changes
in electricity use and combustible fuels, and the shifts in income dynamics over the past three

decades, it is important to examine how income affects energy consumption over time.

Table 4.6 shows the results of an interactive model between year and each income effect.
The results all reference being in the $75,000 income category in 1987. The primary research
aim being investigated is whether the socioeconomic status gradient will be larger in more recent
years than in earlier years (Research Aim 4.3). In the results for total energy, there are significant
differences in 2009 compared to 1987, indicating differences. For example, those making
$10,000 to $14,999 in 2009 use 29.2% less energy than those making over $75,000 in 1987.
Electricity consumption also shows some significant effects. Specifically, households with the
lowest incomes use 14.5% less electricity in 2001 and 9.4% less in 2009 than those with $75,000
or higher in 1987. The coefficients change, showing an increasing gradient overall, which

supports Research Aim 4.3 (the socioeconomic gradient in energy consumption will be larger in
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Table 4.6. OLS Regression Estimates for Income by Year and Fuel Type, United States, 1987-2009

A. Total Energy Use

1987 1993 2001 2009

B e® B e® B e® B e®
Household Income
$0 to $4,999 -0.160 *** 0.852  -0.228 0.796  -0.265 0767 -0303* 0.739
$5,000 to $9,999 -0.130 *** 0.878  -0.235 0.791 -0400* 0.670 -0.326 0.722
$10,000 to $14,999 -0.190 *** 0.827  -0.230 0.795 -0.349 0705 -0.346 * 0.708
$15,000 to $19,999 -0.200 *** 0.819 -0.158 0.854 -0.293 0.746 -0.31 ** 0.733
$20,000 to $29,999 -0.200 *** 0.819 -0.211 0810 -0.268* 0.765 -0.32 *** 0.726
$30,000 to $39,999 -0.180 *** 0.835  -0.232 0.793 -0.280 0756 -0.338 * 0.713
$40,000 to $49,999 -0.170 *** 0.844  -0.202 0817 -0.283 0.754 -0.336 0.715
$50,000 to $74,999 -0.120 *** 0.887 -0.198 0.821 -0.256 0774 -0.317 0.728
$75,000 or more Reference (in 1987)

B. Hectricity Use
1987 1993 2001 2009

B e® B e® B e® B e®
Household Income
$0 to $4,999 -0.310 0.733 -0.215 0.806 -0.157 ** 0.855 -0.099 *** 0.906
$5,000 to $9,999 -0.250 0.779 -0.218 0.804 -0.147 * 0.863 -0.149 ** 0.862
$10,000 to $14,999 -0.220 0.803 -0.195 0823 -0.117 * 0.890 -0.089 ** 0.915
$15,000 to $19,999 -0.210 0811 -0.182 0834 -0127 * 0.881 -0.109 ** 0.897
$20,000 to $29,999 -0.150 0.861 -0.068 0934 -0.128 0.880 -0.116 0.890
$30,000 to $39,999 -0.110 0.896 -0.079 0.924  -0.082 0921 -0.121 0.886
$40,000 to $49,999 -0.088 0916 -0.075 0928 -0.111 0.895 -0.097 0.908
$50,000 to $74,999 -0.120 0.887 -0.099 0.906 -0.081 0.922 -0.089 0.915
$75,000 or more Reference (in 1987)

C. Combustible Fuel Use

1987 1993 2001 2009

B e® B e® B e® B e®
Household Income
$0 to $4,999 0.150 1162 -0.240 0.787  0.267 1306 -0270 * 0.763
$5,000 to $9,999 -0.086 0.918 -0.066 0.936 -0.349 0.705 -0.086 0.918
$10,000 to $14,999 -0.072 0931 -0.112 0.894 -0.605 0546 -0.212 0.809
$15,000 to $19,999 -0.400 0.670 -0.230 0.795 -0.183 0.833 -0.236 0.790
$20,000 to $29,999 -0.350 0.705 -0.410 0.664 -0.013 0.987 -0.261 0.770
$30,000 to $39,999 -0.460 0.631 -0.577 0562 -0.233 0.792 -0.335 0.715
$40,000 to $49,999 -0.420 0.657 -0.380 0.684 -0.263 0.769  -0.242 0.785
$50,000 to $74,999 -0.005 0.995 -0.435 0.647 -0.156 0.855 -0.115 0.891
$75,000 or more Reference (in 1987)

N=30245; * p<0.05, ** p<0.01, *** p<0.001

Controls for household size, householder age, presence of a 65 year old, Electric heating, housing unit
tenure, heating and cooling degree days base 65, housing unit size.

Coefficients calculated by adding relevant coefficients across year and income using coefficients froma
regression model for each fuel type with an interaction between year and each income indicator.

Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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more recent years than in earlier years). For example, those in the lowest income groups used
14.0% less energy than those making over $75,000 in 1987 compared to using 26.1% less in
2009. This is matched with a decreasing gradient in electricity use. Households in the lowest
income used 26.6% less energy than those that make $75,000 or more in 1987 compared to only
9.4% less in 2009. Combustible energy consumption, which is fairly stable across income in the
previous model specifications, is also stable over time in this model, showing only one

significant difference despite very differently sized coefficients.

This table shows more limited differences across income over time than might be
hypothesized by descriptive statistics. These differences do not conflict with the trends in energy
consumption. Specifically, changes in the income gradient for electricity use change more than
the relatively stable combustible fuel gradient, supporting the fuel type Research Aim (Research
Aim 4.4). Additionally, these results show that there are two stories emerging for different fuel
types: over time, electricity use is increasing and changing the driving dynamics, while
combustible fuel consumption has remained very stable. Some of this might be due to the lack of
adjustment for inflation limiting the meaning of categories in later years, but certainly some of
the changes in how the gradient works is related to the expansion of electricity consuming

devices.

Age and household size both have important direct effects on energy use, but there are
qualitative differences between a two-member household with a householder that is 65 compared
to a householder that is 22. Table 4.7 shows an interaction between household size and
householder age across a model-building strategy employed in other tables. This table tests for

differences in the effect of age at different household sizes. Specifically, it hopes to identify
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important drivers that age differences might be linked to, such as income or education.

Model 1 from Table 4.7 shows that the effect of age is greater in larger households, but
not the largest households. The effect of each additional year of age increases for households

having four members by .05%, but in households with 5 or more members, size seems to

Table 4.7. OLS Regression Estimates for Household Size and Age on Logged Total Household Energy Use, United States, 2009

Model 1 Model 2 Model 3 Model 4
B eB P-Value B eB P-Value B eB P-Value B B P-Value
Age of Household Head 0.006 *** 1,006 0.000 0.009 *** 1.009 0.000 0.009 *** 1,009 0.000 0.002 *** 1002 0.000
Household Size (Size 1)
Size 2 0.220 *** 1246 0.000 0.240 *** 1271 0.000 0.200 *** 1221 0.000 0.150 *** 1162 0.000
Size 3 0.350 *** 1419 0.000 0.400 *** 1.492 0.000 0.400 *** 1492 0.000 0.220 *** 1246 0.000
Size 4 0.410 *** 1507 0.000 0.480 *** 1.616 0.000 0530 *** 1699 0.000 0.310 *** 1363 0.000
Size 5 or More 0.570 *** 1768 0.000 0.650 *** 1.916 0.000 0.670 *** 1.054 0.000 0.390 *** 1477 0.000
Interactions (Size 1*Age) rokk
Size 2*Age 0.003 *** 1,003 0.000 0.003 *** 1.003 0.000 0.002 * 1.002 0.014 0.001 1.001 0.251
Size 3*Age 0.004 *** 1,004 0.000 0.003 ** 1.003 0.004 0.001 1.001 0.275 0.002 * 1.002 0.018
Size 4*Age 0.006 *** 1.006 0.000 0.004 ** 1.004 0.006 0.000 1.000 0.819 0.001 1.001 0.283
Size 5+*Age 0.003 + 1.003 0.052 0.002 1.002 0.347 -0.001 0.999 0.631 0.001 1.001 0.406
Socioeconomic Status
Household Income ($120,000)
$0 to $4,999 -0.450 *** 0,638 0.000 -0.150 *** 0.861 0.000
$5,000 to $9,999 -0.540 *** 0,583 0.000 -0.180 *** 0.835 0.000
$10,000 to $14,999 -0.520 *** 0,595 0.000 -0.190 *** 0.827 0.000
$15,000 to $19,999 -0.490 *** 0,613 0.000 -0.160 *** 0.852 0.000
$20,000 to $29,999 -0.430 ***  0.651 0.000 -0.170 *** 0.844 0.000
$30,000 to $39,999 -0.420 *¥** 0,657 0.000 -0.200 *** 0.819 0.000
$40,000 to $49,999 -0.340 *** 0712 0.000 -0.190 *** 0.827 0.000
$50,000 to $74,999 -0.290 *** 0748 0.000 -0.170 *** 0.844 0.000
$75,000 to $99,999 -0.210 *** 0811 0.000 -0.150 *** 0.861 0.000
$100,000 to $119,999 -0.093 *** 0,911 0.001 -0.120 *** 0.887 0.000
Educational Attainment (Graduate/Professional Degree)
Less that HS -0.140 ***  0.869 0.000 -0.033 * 0.968 0.031
High School or GED 0.019 1.019 0.218 0.017 1.017 0.145
Some College -0.002 0.999 0.939 -0.027 + 0.973 0.081
Associate's Degree -0.008 0.992 0.623 -0.037 **  0.964 0.003
Bachelor's Degree -0.005 0.995 0.789 -0.039 * 0.962 0.013
Controls
65+ Member (Yes=1) -0.130 *** 0.878 0.000 -0.065 *** 0,937 0.000 -0.031 * 0.969 0.025
Electric Heating (Yes=1) -0.360 *** 0.698 0.000
Housing Unit Tenure
No Rent -0.120 *** 0.887 0.000
Renter 0.051 1.052 0.179
Heating Degree Days 65 (1000s) 0.100 *** 1,105 0.000
Cooling Degree Days 65 (1000s) 0.086 *** 1,090 0.000
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. -0.620 *** 0.538 0.000
1000 to 1999 sqft. -0.320 *** 0.726 0.000
2000 to 2999 sqft. -0.160 *** 0.852 0.000
Constant 10.500 *** 0.000 10.400 *** 0.000 10.800 *** 0.000 11.000 *** 0.000
R-squared 0.1462 0.1497 0.2136 0.5243

N=12,083; * p<0.05, ** p<0.01, *** p<0.001
Note: Referent in Parentheses
Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009



eliminate any significant interaction. Adding in a control for households with members over 65

years of age does not alter the interaction significantly (Model 2).

Model 3 introduces the socioeconomic status indicators, income, and educational
attainment. This model supports the Research Aim (4.5) that older households will have stronger
household size effects, but that much of it will be due to income differences, although some is
due to educational differences as well. Only those living in two member households maintain a
significant interaction effect. The effect of having a two-member household increases by .02%
for each additional year of age, suggesting that these changes may be strongly linked to income.
The effect is related to the range of age being so large, leading to a somewhat smaller effect. The
addition of other control variables does not significantly alter the findings in Model 3 that

support Research Aim 4.5.

Discussion

The results reported in this chapter highlight not just the persisting importance of
socioeconomic status, but also the complex way that it is associated with energy consumption. |
find general evidence for the claims in all of the Research Aims tested. Specific evidence was
lacking for the shape of the relationship between income and energy consumption when adding
controls. These results also lead to questions that will be taken up through further analyses in the
next empirical chapter. This section summarizes and synthesizes results for each research aim,
point to strengths and limitations, provide policy implications, and point toward research in the

next chapter.

Research Aim 4.1 posited that higher socioeconomic status will be associated with higher

energy use. The analysis provides some evidence to support this claim; however, education
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seems to have a limited relationship with energy consumption once considering the income level
of households. These findings support prior research that has shown increases in energy
consumption for households with higher income (Poortinga et al. 2004). Income seems to
function as a resource proxy to some extent. The association between energy consumption and
income is due in part to housing unit size and ownership. This finding seems to validate many of
the models that conceive of income and economic measures as household resource proxies, but
not entirely as the effect does not seem completely linked to housing unit size and ownership
status (Stephenson et al. 2010; Wilson and Dowlatabadi 2007). The next chapter further
interrogates this finding by adding in physical characteristics and behaviors that have accounted

for the effect of income in prior work (Yust et al. 2002).

The association between educational attainment and energy use is especially important
for electricity use, while combustible fuels are not as sensitive to education (after controlling for
income). Prior literature has merely looked at one fuel type and focused on environmental
values, and seen small effects, but the disaggregation of fuel types allows for a more nuanced
insight (Bhattacharjee and Reichard 2011; Poortinga et al. 2004). These findings point toward
overall support for Research Aim 4.4, which is specific to fuel type. This also provides an
additional focus for the next chapter: does education lead to more energy conservative practices

that are related primarily to electrical consumption rather than combustible fuels?

Research Aim 4.2 investigates if there are significant relative differences across
socioeconomic strata in energy consumption. This research aim was partially supported by the
same findings that were related to Research Aim 4.1. Relative differences persist across models
for income; however, the exponential shape found in initial analyses and descriptive statistics

became more linear when controls and household composition factors were included in the
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models. This linear shape suggests even more strongly that, after accounting for larger homes,
there may be significant differences in physical characteristics of housing units. Educational
attainment shows similar findings to income until income, along with housing unit size and
ownership are taken into account. The weak and inconsistent effect of education in the overall
models may be due to education being linked to income very closely. An alternative explanation
maybe merely that it is a more important factor in determining electricity use, but a non-factor in
producing combustible fuel consumption. Further work should investigate the role of more
proximate factors such as appliances and behaviors in producing this gradient, particularly that

pathways that each factor of socioeconomic status is working through.

Research Aim 4.3 focused on relative differences in energy consumption between income
groups and whether those differences will be larger in more recent years than in earlier years of
the study. Mixed support was found for this hypothesis, but overall there was an increasing
gradient. Although there is descriptive evidence for changes in the gradient over time, the
direction and strength of the empirical relationship varies across fuel type. Electricity shows a
decreasing gradient, which might be linked to its increasing use despite falling energy
consumption overall. Lower income households may not have had as many electricity using
devices until prices fell which drove up their consumption of those devices, closing the gradient
to some extent. There was no change in the effect of income on combustible fuels over time,
suggesting a more constant gradient. This finding may be tightly linked to the physical
characteristics of a household’s housing unit and to energy practices of the household. It is
possible that, after controlling for housing unit size, the differences in energy use come down to
the efficiency and number of appliance driving the association more than the energy-efficient

practices of the household. Prior research has also suggested that general price stability in
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energy may make individual behavior more effective, which could be leading to some of the
changes in this effect over time as energy prices have fluctuated (Kempton and Schipper 1994).
Prior research has used older data, and found weak income effects, similar to those found in this
analysis; This analysis extends that work by lengthening the time period being considered (Yust
et al. 2002). This work did not use a partially interactive model and instead ran models for each
year separately, but did not retain the same variables in each model due to data constraints. This
chapter bolsters this previous finding through more consistent and integrated modeling. These
findings also seem to be linked energy ladder theory as households move more toward electricity
(Sovacool 2011). If electricity becomes a higher share of energy consumption compared to
combustible fuels and the patterns seen here continue, then there may be an overall decrease in
the socioeconomic gradient. It will be important to investigate this association more specifically

to truly understand this association.

Research Aim 4.4 claims that the socioeconomic status gradient in energy consumption
will be more dynamic in electricity consumption compared to combustible fuels. Electricity
consumption is changing, particularly in how it is associated with socioeconomic status, while
the association with combustible fuel consumption has remained more stable over time. The
association between income and combustible fuels is very robust, even to central control
variables like weather and housing unit size. The association between combustible fuel
consumption and income remains, even when taking household composition into account, a
variable that has been a central contributor to changes in energy consumption at higher levels of
aggregations. More specific results have already been touched on in earlier portions of the
discussion section. Previous work generally aggregates all of the direct energy consumption for

households rather than disaggregating by fuel type, which is clearly both empirically and
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theoretically significant (Stephenson et al. 2010). The more proximate examination of energy

practices and physical characteristics will help shed light on this.

Research Aim 4.5 posits that older households (e.g., households with elderly members)
will be more sensitive to household size than younger households, when determining energy
consumption, conditional on income level. Table 4.7 showed significant differences in the effect
of household size for different ages, but this difference was almost entirely explained by
different income levels between households, supporting the general direction theorized in the
research aim. The findings in this section speak to a more holistic understanding of the different
household life-cycle stages, which was a theoretical focus of early energy research (Fritzsche
1981). While not directly evaluated due to the cross-sectional nature of the data, these findings
suggest that economic and demographic life-cycle linkages are very important to energy
consumption, something that should be taken up in future work. Additionally, the findings for
this research aim point to the importance of evaluating economic and demographic
characteristics together. Prior research has suggested that a household’s size and householder’s
age association with energy consumption may be partially linked to that household’s income
(O’Neill and Chen 2002). This analysis supports that assumption. These results also suggest that
prior research indicating important economic changes are also associated with household
compositional change are important to consider in energy consumption research (Jiang and

O’Neill 2007).

While this chapter makes many new and unique contributions, there are certainly
limitations that point toward future research. The data are excellent in that they provide national
level insight at a variety of time points with a relatively consistent method of collection. Despite

this, the data lack consistency for some variables. Specific to this chapter, education is not
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consistently included as a variable for each cross-section. Additionally, because the survey is a
repeated cross-sectional survey, longitudinal insights related to economic and demographic
lifestyles, as well as more direct causal work are not possible. Finally, the data do not include
very detailed geographic variables, which prohibit in many ways the assessment of energy
policy, which is largely set at more local levels than are available. Future work should consider

undertaking a data collection effort that might assuage some of these limitations.

Energy consumption is an important policy issue nationally and regionally. Perhaps the
most important policy implication that emerges from this chapter is that both socioeconomic and
demographic distributions matter. Policies that seek to curb energy use need to take into account
the distribution of income and how their policies are targeted. Higher income households use far
more energy but may not always be the best target for energy policies, while lower income
households have fewer resources to engage in conservation but perhaps may have a stronger
motivation if the policies are not resource intensive. Policies that require resources may have the
potential for great effects but must targeted to higher income households, while lower income
households might need policies that do not require as many resources from the household to be
effective. Changes in the demographic composition of households also matters greatly as lower
income household tend to be much older than higher income households. These differences have
been linked to different energy consumption patterns and less discretionary use than other
households (Dillman et al. 1983). Education has a much more complicated effect than originally
thought; in fact while it has almost no effect on combustible fuels, there are still direct effects on
electricity consumption and significantly different effects of income at different educational

levels. Policies that can put energy specific curriculum into high schools might be able to reach
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lower educated households and lower income households simultaneously. These policies might

be able to communicate some of the benefits that higher levels of education seem to convey.

Overall, this chapter clearly highlighted the importance of the relationship between
household composition and socioeconomic status as a central factors for energy consumption.
This relationship likely points to underlying lifestyle and life-cycle differences for households of
varying composition and socioeconomic status, which carry significant energy consequences.
The next chapter will link socioeconomic status and household composition to more proximate
factors in order to identify specific implications and drivers of this association with energy

consumption.
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Chapter 5. Energy Services Profiles and Energy Consumption

This chapter examines the role that energy services profiles (behaviors and energy significant
physical household characteristics) carry out in energy consumption across the United States
from 1987 to 2009. Additionally, the chapter focuses on how these factors mediate the
relationships between socioeconomic status, household composition, and energy consumption.
These factors are called energy services because they provide some sort of service to the
household, like heating or refrigeration, by transforming energy in some manner (Stephenson et
al. 2010). Energy services and their indicators are generally considered in isolation from one
another or in combination with few other services, rather than as important combinations, despite
a long history of literature considering lifestyle choices that would suggest this line of inquiry
(Bin and Dowlatabadi 2005; Botetzagias et al. 2014; Santamouris et al. 2007; Schipper et al.
1989). This chapter also considers how the profiles are related to the socioeconomic and
demographic composition of the household to understand differences in energy services
demanded by different groups. The chapter's first section examines broad trends in the energy
services profiles across time and socioeconomic status. The next section uses a more in-depth
analysis to examine the impact of each profile on energy consumption and relationship across

socioeconomic status and demographic composition.

Energy services and their relationships with one another is a common focus in the broader
energy literature; however, several issues arise. First, literature on demographic and
socioeconomic status on energy consumption most often focuses on these distal factors or takes a
fully interactive approach with more proximate factors (O’Neill and Chen 2002; Yust et al.
2002). The second issue is that, despite often considering specific energy behaviors and how they

cluster, many studies use a narrow set of behaviors rather than including other physical
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characteristics or broader behaviors with energy consequences. The third issue is that when
studies do focus on both drivers and more proximate factors, they often do not include impacts
on energy consumption or how those proximate factors might cluster. This chapter focuses on

addressing some of these gaps.

As discussed in Chapters 2 and 4, energy consumption and behavior models tend to focus on
structural demographic or socioeconomic components (e.g., O'Neill and Chen 2002) or situate
demographic composition and socioeconomic status in a model that suggests proximate energy
services characteristics might be influenced by income, householder age, or education (e.g.,
energy cultures framework, human ecosystems framework) (Yust et al. 2002). While these
models certainly have their place, particularly when taking a socio-historical perspective at a
society level, for the current study they are incomplete (Smil 1994). Lifestyles were identified as
a potential research topic as early as the 1980s and suggest that demographic characteristics
resulted in particular life-cycle stages that carried "typical™ consumptive practices with energy
consumption consequences (Fritzsche 1981; Schipper et al. 1989). These lifestyle selections
were also implicitly governed by socioeconomic factors. This chapter takes a similar approach,
linking socioeconomic status and demographic characteristics with more proximate energy

services characteristics through energy consumption profiles.

Energy conservation and related behaviors are certainly important to understanding energy
consumption and policies or interventions, but research in this area tends to focus too narrowly.
Energy consumption is the result of demand for energy services broadly, not merely whether
someone takes part in conservative behaviors (Sovacool and Brown 2007; Stephenson et al.
2010). Botetzagias et al. (2014), for example, focus on individual behaviors for energy

curtailment, but instead of more broadly focusing on the number of television sets or areas
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served by a heating unit, they focus on switching them off or the settings. While these behaviors
are certainly important, they ignore the broader drivers such as the level of appliance
consumption (i.e. the number of television sets or refrigerators), which are likely more important
to the overall level of energy consumption in a household. These broader indicators are likely
more related to the energy services demanded by a household's lifestyle. Energy services
demanded by a household can be fulfilled in either efficient or inefficient manners, but only
studying the efficiency can lead to a narrow and less useful framework for understanding energy

consumption overall.

Energy conservation or curtailment behaviors are common topics of research; however, often
they are not tested or conceived alongside actual impacts on consumption, despite some
theoretical models and literature that suggest taking this approach (Pothitou et al. 2014; Wilson
and Dowlatabadi 2007; Yust et al. 2002). This approach distances the household and the
behaviors from their feedback mechanisms, impact on consumption, and the costs (Darby 2006;
Ehrhardt-Martinez 2010; Peffer et al. 2013). Additionally, these approaches are commonly
concerned with individual behaviors or clusters of conservation behaviors, rather than
understanding the entire energy services profile for the household. Lifestyles literature would
suggest that the energy services demanded by a household are largely due to broader drivers of
how the household chooses to live, and as such are likely related (\VVan Raaij and Verhallen 1983;

Schipper et al. 1989).

Based on these literature gaps and the resulting conceptual framework, specific research aims
guide the analysis. They begin broadly by examining socioeconomic differences in profiles and

also demographic differences. The focus is on how the specific profiles and underlying indicators
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vary across these two drivers and how the profiles might largely explain the association between

each driver and energy consumption.

Research Aim 5.1: Examine the role and impact of socioeconomic status in shaping energy

behaviors and physical characteristics. Energy efficient behaviors and characteristics are often
similar throughout social networks characterized by similar social capital, generally showing a
positive association between socioeconomic status and energy efficient behaviors (Dutton et al.

1989; McMichael and Shipworth 2013; Wejnert 2002).

Research Aim 5.2: Examine how changes in energy services have evolved over time and how

those changes might interact with socioeconomic status. Evidence from choices in purchasing
personal computers, a consumer electronic device, and energy efficiency characteristics suggest
the importance of socioeconomic status in how these technologies and behaviors occur in
households, specifically over time (Ball et al. 1999; Dutton et al. 1989). Additionally, the high
cost of adopting energy services like air conditioning, particularly early in their development,
suggests that access to these services will initially be limited to higher income individuals

(Sovacool 2011).

Research Aim 5.3: Examine the patterning of these profiles across socioeconomic status and

the specific effects on energy consumption overall, as well as by each fuel type over time.
Energy significant characteristics as well as lifestyles tend to be patterned across socioeconomic
status, and these lifestyles change over time (McMichael and Shipworth 2013; Pampel 2002).
Household energy services profiles are reflective of a household’s energy services demands,
which are influenced by the lifestyles that they adopt and eventually drive their energy

consumption (Stephenson et al. 2010).
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Research Aim 5.4: Examine the patterning of household energy services and their effects on

energy consumption across the demographic composition of households. Householder age and
socioeconomic status are linked to lifestyle options throughout the lifecycle as part of their
importance to energy consumption (Kempton and Schipper 1994; Lutzenhiser 1992; O’Neill and
Chen 2002). Given these factors’ links to different lifestyles, energy services demand should

show differential patterning.

Research Aim 5.5: Examine the extent to which these energy services profiles explain the

relationship between socioeconomic status and energy consumption. Energy services
characteristics are associated with differing levels of energy consumption in addition to having
socioeconomic patterning (Sovacool 2011; Stephenson et al. 2010). Energy consumption shows
an increasing disparity across time, despite a decrease in the average consumption of households
across the study period. This coincides with changing energy services demand patterns, which

may explain this pattern (author’s calculations from RECS 1987-2009; Administration 2012b).

Data
The following analyses use two different combinations of the Residential Energy

Consumption Survey (RECS) data series. The first is the 2009 cross-section of the RECS,
comprising 12,083 households, and is used whenever educational attainment is included in the
analysis. This dataset is used for initial analyses focusing on all research aims. Research Aims
5.2, 5.3, and 5.5 are tested using an expanded dataset that includes three more cross-sections
from years 1987, 1997, 2001, and 2009, containing 30,245 households. While the larger dataset
yields additional time points, inconsistent education data require the exclusion of educational

attainment in any analysis using the sample with multiple time points.
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Key Variables
Energy Consumption

As noted in Chapter 4, energy consumption is measured using three separate variables, all of
which are logged (natural) to eliminate skewness. The first measures the total direct energy
consumption for the household in 10,000 BTU increments. The second and third measure

household electricity and combustible fuel consumption, both use 10,000 BTU increments.

Socioeconomic Status

Socioeconomic status is measured by three variables, in the same way as noted in Chapter 4.
The first income variable measures income categorically and is top coded at $120,000 to be used
when analyzing only 2009 data. The second income variable is used when additional years are
included is top coded lower, at $75,000 and over. Educational attainment is measured by a series
of indicator variables that indicates the highest completed degree including: less than high
school, high school diploma/ GED, some college, associate’s degree, bachelor’s degree, and

graduate/professional degree.

Household Composition

Household composition is measured by the same three variables as in Chapter 4.
Householder age is continuous and measures the householder’s age at the time of the survey. The
presence of a household member over the age of 65 is measured by an indicator variable.
Household size is measured with a categorical variable ranging from 1 member to 5 or more

members.
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Energy Services Indicators

Energy services indicators are measured through a series of variables whose coding was
harmonized over time. They include the broadest set of behavioral and physical characteristics
available in all years of the data. These data are used in the Latent Class Analysis and included
as energy services profiles in the regression analyses. The type of heating equipment in the home
is measured by a nominal variable including categories for steam or hot water systems, central
warm-air furnace, heat pump, built-in electric units, floor or wall pipeless furnace, built-in room
heater, heating stove, fireplace, portable electric heaters, portable kerosene heaters, cooking
stoves, other equipment, and a category that captures those who did not respond or did not have
heating equipment. The type of cooling equipment in the home is also measured by a nominal
variable with 4 categories: central cooling, window/wall units, both types, and no cooling
equipment. The age of the heating equipment is measured by a categorical variable with
categories for: less than 2 years old, 2 to 4 years old, 5 to 9 years old, 10 years or older, and a

category for those that did not know the age of their equipment or do not have any.

The amount of the home that is heated is measured by another ordinal variable with
categories for 0 to 1,599 square feet, 1,600 to 2,999 square feet, and 3,000 or more square feet.
An ordinal variable with categories for less than 68 degrees, 71 to 72 degrees, and 73 degrees or
higher measures the thermostat setting when the household members are home. The type of
housing unit a household lives in is measured by a nominal variable with categories for a single-
family home, a mobile home, a multi-unit complex with 2 to 4 units, and one for a multi-unit
complex with 5 or more units. The number of televisions in a home is measured directly but
recoded into an ordinal variable ranging from 0 to 4 or more televisions. The number of

refrigerators is measured similarly, using an ordinal variable from 0 to 3 or more refrigerators.
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Three indicator variables measure appliance usage, one for whether a household uses a

dishwasher, if the household uses a clothes washer, and if the household uses a clothes dryer.

Control Variables

Chapter 3 contains a detailed discussion of these variables, as well as the control variables
used in the descriptive and regression analyses. Control variables include housing unit size,
housing unit ownership, heating and cooling degree-days, and the usage of electrical heating

appliances for primary heating.

Analysis Plan
This chapter uses Latent Class Analysis (LCA) followed by Ordinary Least Squares (OLS)

regression models on logged dependent variables as the primary set of methods for analysis. This
approach allows for the identification of latent groupings within the energy services indicators
(linked to their energy consumption levels) through the LCA, and also provides an empirical
understanding of their combined effects on energy consumption. The coding of the dependent
variables has the benefit of an intuitive interpretation of coefficients: for a one-unit change in the
independent variable, one can expect a specific percentage change in energy consumption when

considering the exponentiated coefficient.

The first analysis begins by studying how the energy services profiles are distributed across
the indicators that were used to create them, as well as important energy consumption drivers and
controls. The specific variables included and coding used in these profiles are provided in
Chapter 3. This section uses the 5 distinct classes derived from output of the Latent Class
Analysis estimated with the poLCA package (v 1.4.1) in the R programming language to identify

each energy services profile (Linzer and Lewis 2011). This section specifically targets Research
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Aims 5.1, 5.2, and 5.3, moving toward understanding basic effects. Table 5.1 uses descriptive
statistics to understand how each indicator is arrayed across the profiles to help gain a better
understanding of the actual energy services demanded by each profile. Table 5.2 extends this
approach by summarizing the distribution of the profiles across important drivers and controls,
such as income, educational attainment, demographic composition, and other controls. Table 5.2
also shows the average fuel consumption for each group by fuel type. These tables help to
provide information on changes over time, single indicator trends, as well as an indication of the

ways that each profile is distinct.

The next section employs Ordinary Least Squares (OLS) regression models to statistically
examine Research Aims 5.3, 5.4, and 5.5. Regression models in this section are built
progressively in a similar ordering to those in Chapter 4, but adding in the profiles. First, just
socioeconomic status is included, followed by a model that includes the energy services profiles.
The next model introduces central controls used in Chapter 4. Finally, the last model integrates
the demographic composition variables for households. These tables are then analyzed by
examining individual effects of both the profiles and socioeconomic status, and through looking
at how the introduction of different variable sets changes these effects in successive models. As
demonstrated in Chapter 4, there are important differences in how energy consumption occurs
for different fuel types. Toward this end, the same model building strategy is employed, but the

dependent variable is disaggregated by fuel type.

Many of the research aims are focused on differences that might occur at different time
points or income levels, so the next set of analyses focuses on these differences by running
disaggregated regression models. Table 5.5 uses the final model (Model 4) from Table 5.3 run

separately for each year in the dataset: 1987, 1993, 2001, and 2009. The model omits educational
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attainment due to data concerns. Table 5.4 limits the analysis to 2009, but disaggregates the
models by three income groups: $0 to $19,999, $20,000 to $49,999, and $50,000 or more. This

model includes educational attainment due to the focus on 2009.

Finally, Research Aim 5.5 focuses on the effects of the profiles across demographic
composition. Table 5.7 and Table 5.8 take the final model in Table 5.3, restrict the analysis to

2009, and then run the model across household size and householder ages.

Results

General Trends and Latent Class Analysis

Latent Class Analysis is incredibly useful, but implementing the method in a robust and
sensible way requires a well-defined process. The biggest challenge for LCA is determining the
proper number of classes to predict. The Alkie Information Criteron (AIC) and the Bayesian
Information Critereon (BIC) are used when checking the fit of an LCA model empirically for
each set of classes. These values are compared across models that sequentially increase the
number of classes to isolate the number of classes for which the AIC and BIC are lowest,
indicating the best fit. This process presents two large challenges: avoiding finding a local
maximum because it uses maximum likelihood estimates and avoiding overfitting, where the
model starts to optimize only very small numbers of observations into different classes and the
empirical fit continually improves incrementally for each additional class. These challenges get
in the way of providing a distinct set of groups that are reasonably distributed across the

population and also provide a satisfactory empirical fit.

Avoiding a local maximum requires a variety of techniques be used to test for this. The

primary method used for LCA is to iterate through the estimation procedure for each number of
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classes a large number of times. This analysis estimated the LCA model for between 2 and 14
classes 500 times, varying in some cases the number of iterations allowed for each individual
LCA run between 100 and 1000. The results showed incredibly consistent declines in the AIC
and BIC values across all classes, but the improvement became very incremental starting
between 5 and 7 classes where changes in the BIC and AIC dropped to between 1.5% and .8%
for each additional class. The final BIC for the 5 class model was 648,516.2 compared to
643,904.9 for a 6 class model. The final AIC for the 5 class model was 644,682.0 compared to
639,430.3 for a 6 class model. The method started to create very small classes that were
differentiated only by differences in heating equipment at 6 classes; therefore, the 5 class model
was chosen for this dissertation. It provides the most reasonable distribution of the population
between the classes (See Figure 5.1) and maintains distinction in each class. Higher class
models created 4-5 larger classes and one that would be about 1-3% of the population.
Additional robustness checks included examining this distribution for the probability that a given
household would be in each class and using a multinomial logit model to predict the classes
using the same predictor indicators used in the LCA. No single class showed a very wide
distribution of probabilities for belonging in one particular class, indicating that each household
was likely well predicted, and the multinomial logit model showed similar patterns to those seen
in the descriptive statistics in Table 5.1. Finally, distributions of the prior probabilities that come
from the LCA model for each class were examined to look for classes with a large number of
cases with modest probabilities of inclusion for the classes they were in, but the model seems to
predict almost all households fairly cleanly using a 5 class model. This process indicates the

robustness of the LCA results and their suitability for inclusion here.
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Table 5.1, documents the specific differences across profiles generated by the Latent Class
Analysis and the underlying energy services indicators that produced the profile. The table
displays descriptive statistics showing the underlying factors built in to each profile. The
following section describes each profile and ascribes a name to them. Profile 1 uses central
heating, heat pumps, or built-in electric heating to heat a smaller area of the home and combining
that with central cooling. Their distinct profile is called Electricity Consumers due to their
reliance on electricity-based appliances and characteristics. They tend to have a lower thermostat
setting and many consumer electronics in their single family home. Profile 2, also known as
Apartment Dwellers, uses steam or floor or pipeless wall heaters to heat very small housing
units. Most of these households live in multi-unit complexes without central cooling, but do tend
to set their thermostats higher. They tend to have very low appliance usage as well. Profile 3, or
the Subsistence Users, uses central cooling and heating in their smaller heated area housing units.
They tend to live in buildings with the largest number of other housing units with slightly higher
appliance usage than the Apartment Dwellers. Profile 4 uses central heat and little or no cooling.
These households tend to be medium sized single-family homes with lower thermostat settings,

but relatively high appliance usage.
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Table 5.1 Energy Services Profile Indicators by Energy Service Profiles, 1987-2009

86

Variable Electricity Consumer Apartment Dweller ubsi User Bungalow Dweller Heavy Consumer
1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overal 1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overall
Type of Heating Equipment
Steamor Hot Water System 000%  000%  000%  000%  0.00% 3623%  4574%  4192%  4619%  4L70% 021%  241%  098%  315%  175% 1875%  2113%  23.78%  2301%  2145% 444%  4TI%  316%  321%  371%
Central Warm-Air Fumnace 3230 3233  3350%  4447%  37.23% 2415%  2019%  2664%  1896%  22.71% 5657%  5016%  57.73%  5330%  54.48% 4900%  5211%  5148%  4830%  50.34% 9437%  9523%  9632%  9546%  9551%
Heat Pump 3389%  4073%  4651%  3337%  38.46% 000%  000%  000%  000%  0.00% 919%  1123%  1026%  556%  9.07% 000%  000%  000%  000%  0.00% 000%  000%  000%  091%  0.32%
n Electric Uy 3017%  2322%  1473%  1048%  17.25% 000%  000%  000%  000%  0.00% 2474%  3105%  2541%  2515%  2661% 000%  000%  000%  000%  0.00% 000%  000%  03%  003%  0.12%
Floor or Wall Pipeless Fumace 013%  013%  014%  008%  0.11% 1379%  1356%  1116%  503%  1152% 072%  021%  047%  167%  0.76% 980%  949%  7.53%  401%  8.03% 000%  000%  000%  000%  0.00%
Built-In Room Heater 000%  000%  000%  000%  0.00% 1307%  1081%  1357%  823%  1L70% 720%  4T1%  471%  1083%  6.78% 819%  7.96%  9.3%%  1042%  8.86% 000%  000%  000%  000%  0.00%
Heating Stove 000%  000%  000%  000%  0.00% 373%  150%  020%  146%  2.03% 000%  000%  000%  000%  0.00% 1070%  707%  515%  919%  8.08% 000%  000%  000%  000%  0.00%
Fireplace 000%  000%  010%  006%  0.05% 017%  013%  016%  007%  0.14% 000%  000%  000%  000%  0.00% 070%  136%  150%  240%  141% 000%  000%  000%  006%  0.02%
Portable Electric Heaters 194%  221%  412%  541%  3.88% 000%  000%  000%  000%  0.00% 030%  023%  043%  006%  0.26% 000%  000%  000%  0.00%  0.00% 000%  000%  000%  000%  0.00%
Portable Kerosene Heaters 000%  000%  000%  000%  0.00% 062%  158%  095%  O71%  0.95% 108%  000%  0.00%  028%  0.28% 105%  064%  054%  042%  0.69% 000%  000%  000%  000%  0.00%
Cooking Stove 000%  000%  000%  000%  0.00% 086%  165%  194%  031%  119% 086%  165%  194%  031%  119% 010%  024%  063%  057%  0.36% 000%  000%  000%  000%  0.00%
Other Equipment 083%  000%  007%  054%  0.35% 398%  000%  015%  040%  149% 398%  000%  015%  040%  149% 160%  000%  000%  168%  0.79% 119%  006%  014%  027%  0.32%
Not Applicable/NA/No Equip 064% 139%  0.74% 5.59% 2.68% 340%  4T6%  322%  1862%  657% 000%  0.00% 000%  000%  000% 0.00% 000%  000%  000%  0.00% 000%  000%  000%  000% 0.00%
Type of Cooling Equipment
Central system 65550  6841%  77.56%  7657%  7345% 453%  363%  325%  520%  4.15% 5875%  60.08%  5050%  5448%  58.19% 1234%  1410%  17.82%  19.40%  1553% 7262%  77.28%  86.75%  88.18%  8321%
Window/wall units 1820%  12.92%  11.70%  1180%  12.98% 3010%  3089%  5298%  5326%  44.93% 2011%  1847%  1895%  2813%  2L44% 4241%  4055%  4301%  4753%  4306% 586%  490%  253%  260%  353%
Both a central systemand window/wall ut 068%  319%  O77%  102%  136% 000%  007%  000%  028%  0.07% 000%  040%  144%  026%  060% 038%  078%  030%  082%  056% 423%  3871%  125%  24T%  266%
No Air Conditioning 1557%  1547%  997%  1061%  1221% 5637%  5641%  4377%  4127%  50.85% 2114%  2105%  2011%  17.13%  19.77% 4487%  4457%  3887%  3225%  4085% 1720%  1394%  947%  675%  10.60%
Age of Heating Equipment
Less than 2 years old 1371%  1095%  1172%  1L74%  1187% 201%  530%  497%  7.63%  452% 119%  888%  690%  1279%  7.83% 556%  7.67%  566%  7.85%  6.62% 1007%  1314%  979%  862%  10.11%
2to 4years old 1397%  1405%  1691%  17.45%  16.07% 171%  531%  346%  957%  4.46% 433%  701%  919%  1266%  8.62% 1022%  993%  1148%  1249%  10.89% 1132%  1567%  1547%  14.65%  14.61%
5to 9years old 1822%  2687%  2366%  2653%  24.59% 406%  730%  640%  1660%  7.74% 364%  1022%  1283%  2109%  1257% 1600%  1658%  1487%  17.07%  16.10% 1019%  2547%  2098%  27.92%  26.72%
100r older 2121%  3829%  4202%  4316%  30.44% 1473%  3484%  4837%  5808%  3511% 500%  3461%  4300%  5346%  36.37% 4743%  5621%  5012%  6250%  55.64% 50.17%  4289%  4216%  4881%  4583%
Not Applicable/ Don't Know 2683%  9.83% 5.69% 112% 8.04% TIA®%  4725%  3680%  8.12%  48.16% 8574%  39.28%  280%  0.00%  34.60% 2079%  961% 8.86% 000%  10.75% 9.26% 2.83% 261% 0.00% 2.73%
Amount of Housing Unit that is Heated
0to 1599 square feet 64.89%  5023%  6203%  68.04%  64.13% 9340%  9478%  90.21%  96.66%  93.68% 97.25%  9692%  9568%  9801%  96.90% 6062%  57.37%  5898%  6637%  6047% 2027%  2290%  27.91%  2807%  2580%
1600 to 2999 square feet 2888%  3443%  30.75%  2627%  29.56% 631%  478%  870%  312%  584% 275%  270%  418%  192%  295% 3443%  34.28%  3240%  2690%  3241% 6344%  5390%  4546%  4863%  50.98%
3000 or more square feet 623%  634%  7.22%  569%  6.31% 029%  044%  109%  022%  0.49% 000%  038%  014%  007%  015% 496%  835%  862%  672%  7.11% 1629%  2321%  2663%  2330%  23.22%
Thermostat Setting When Home (Winter)
Less than 68 Degrees 2695%  3081%  2475%  3005%  28.34% 2360%  2341%  2533%  27.97%  24.75% 2667%  2446%  2176%  2847%  25.12% 3376%  37.18%  3606%  4605%  37.69% 4003%  3917%  3630%  4315%  3085%
69to 70 Degrees 2900%  3296%  2698%  2517%  27.86% 2521%  27.98%  2223%  27.81%  25.76% 2310%  2668%  2080%  3155%  25.50% 3306%  3399%  3094%  2852%  3191% 2040%  3425%  2633%  2651%  27.72%
7110 72 Degrees 1595%  1614%  1563%  19.34%  17.18% 1018%  827%  930%  27.25%  12.73% 1079%  1229%  960%  1225%  11.18% 1223%  1081%  1148%  972%  1116% 1667%  17.20%  17.58%  1684%  17.13%
73 Degrees or Higher 2810%  20.10%  3264%  2545%  26.62% 4101%  40.34%  4314%  1698%  36.77% 30.44%  3658%  47.84%  27.73%  3819% 2094%  1802%  2152%  1571%  19.24% 1890%  929%  19.79%  1350%  1530%
Housing Type
Single Family Home 7637%  7618%  7395%  6646%  7L97% 2048%  2618%  2286%  17.66%  2501% 1369%  1374%  1237%  1352%  1326% 8197%  8244%  7852%  77.29%  80.35% 9822%  9681%  9550%  9513%  96.04%
Mobile 553%  833%  1136%  1226%  10.18% 554%  455%  440%  281%  4.54% 573%  370%  607%  590%  537% 830%  921%  9.94%  955%  9.19% 050%  095%  130%  079%  0.93%
2-4 Unit 592%  512%  626%  619%  5.94% 2630%  2426%  2494%  2467%  25.22% 1611%  1357%  1844%  17.89%  16.64% 839%  689%  9.60%  1063%  8.71% 027%  042%  046%  040%  0.40%
5+ Units 1218%  1037%  843%  1500%  11.91% 3850%  4501%  47.80%  5486%  45.3% 64.48%  6899%  6312%  6260%  64.73% 134%  146%  195%  253%  175% 102%  183%  273%  368%  2.63%
Number of Televisions
Y 160%  077%  061%  110%  0.98% 379%  33%  210%  373%  330% 335%  237%  350%  355%  3.20% 120%  092%  085%  13%  108% 027%  021%  041%  028%  0.30%
1 37.20%  27.90%  2298%  19.94%  2502% 50.32%  5651%  47.95%  4199%  5293% 66.45%  57.46%  50.71%  4100%  52.87% 3683%  3584%  3L05%  2513%  32.86% 1519%  1318%  108%  9.06%  1136%
2 37.23%  4058%  37.80%  3377%  36.78% 2174%  3025%  37.51%  37.20%  32.23% 2453%  3125%  3268%  37.89%  3212% 4075%  3840%  37.70%  37.74%  38.78% B/EP6  3450%  3402%  27.14%  3194%
3 1717%  2030%  2597%  25.70%  23.35% 774%  871%  1017%  1305%  9.52% 508%  7.79%  1176%  1454%  10.22% 1538%  17.83%  1942%  20.74%  18.08% 2060%  2052%  2016%  2850%  29.07%
4ormore 681%  1045%  1263%  1049%  1387% 141%  L14%  227%  403%  2.02% 058%  114%  135%  302%  158% 584%  701%  1098% = 1499%  9.20% 1036%  2250%  2551%  3502%  27.33%
Number of Refrigerators
o 000%  000%  000%  005%  0.02% 000%  104%  101%  080%  0.63% 000%  000%  019%  035%  015% 000%  007%  006%  017%  0.07% 000%  000%  000%  003%  0.01%
1 8508%  87.19%  8421%  8274%  84.42% 96.80%  9560%  9566%  9467%  9591% 9894%  97.77%  9871%  96.73%  98.01% 87.43%  8591%  8566%  8330%  85.77% 66.23%  60.93%  60.50%  59.01%  65.42%
2 1429%  1208%  1500%  1578%  14.57% 215%  307%  319%  425%  3.00% 077%  223%  098%  267%  169% 1226%  1347%  1319%  1542%  13.44% 3172%  2833%  2850%  3662%  31.82%
3ormore 063%  073%  07%  143%  0.99% 097%  020%  014%  028%  0.47% 029%  000%  013%  025%  0.16% 031%  055%  110%  L11%  0.73% 205%  173%  191%  434%  275%
Household use Dishwasher 7250%  6454%  6550%  65.64%  66.42% 776%  727%  1041%  1221%  9.04% 45.46%  3813%  3027%  3472%  38.99% 3157%  2750%  3164%  3041%  32.04% 86.15%  8310%  8386%  8588%  8475%
Clothes Washer Used 9853%  99.73%  10000%  9987%  99.67% 2123%  1748%  1215%  1120%  1646% 713%  60%  646%  497%  6.11% 97.46%  9866%  99.11%  9865%  98.42% 99.84%  99.91%  10000% 100.00%  99.96%
Clothes Dryer Used 98.36%  98.88%  97.98%  9864%  9847% 4500%  356%  139%  292%  3.30% 087%  081%  034%  058%  0.62% 8873%  89.35%  8931%  9341%  89.97% 10000%  99.98%  99.88%  9991%  99.93%

Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009



Their housing unit size and relatively intensive profile earn the name Bungalow Dwellers. Profile
5 uses primarily central heating and cooling to condition a very large amount of area. They tend
to live in large single-family homes with very high appliance usage, but lower thermostat
settings. Their profile indicates (referencing their overall consumption level shown in Table 5.2)
that this group should be called Heavy Consumers. These results support Research Aim 5.1, in

that they indicate distinct patterns in energy consumption behaviors and physical characteristics.

Table 5.2 focuses on Research Aims 5.2, 5.3, and 5.4, specifically focusing on changes in the
socioeconomic patterning of energy consumption behaviors and characteristics by examining the
patterning of the individual profiles. The following section will use values from Table 5.2 for the
year 2009 unless otherwise noted. Overall, Heavy Consumers have the highest energy
consumption, followed by Bungalow Dwellers (1,195,980,000 BTU for Heavy Consumers
compared to 10,296,930,000 BTU for the Bungalow Dwellers). Subsistence Users has the lowest
usage (417,340,000 BTU) followed by Electricity Consumers (629,280,000 BTU). Apartment
Dwellers have a more moderate level of energy consumption, about 667,860,000 BTU on
average, ranking it 3rd among the profiles. Electricity Consumers are unique because the balance
of their energy consumption is shifted toward electricity with very little combustible fuels,
showing a split of 85% electricity consumption and 15% combustible fuels. This is largely due to
a reliance on more electricity-based heating sources. All of the other profiles use more

combustible fuels than electricity.
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Table 5.2 Energy Services Profile Indicators by Energy Service Profiles, 1987-2009

88

Variable Electricity Consumer Apartment Dweller Subsistence User Bungalow Dweller Heavy Consumer
1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overall 1987 1993 2001 2009 Overall
Energy Consumption
Total Energy (10,000 BTU) 62147 67057 66728 62928 64678 85753 81130 65063 66786 76606 48815 42788 39398 41734 42653 115054 121308 109044 102693 112887 139666 143829 122215 119598 128315
Electricity (10,000 BTU) 59002 61183 59716 53392 57541 13579 13375 14588 14757 13965 27967 26532 26824 26401 26861 27206 28492 28414 29995 28401 38808 39415 40916 43174 41088
Combustible Fuels (10,000 BTU) 3144 5874 7012 9536 7136 72173 67755 50476 52029 62641 20849 16256 12574 15332 15793 87848 92816 80631 72698 84486 100859 104414 81298 76423 87227

Socioeconomic Status
Household Income

$0 to $4,999 2.21% 1.48% 3.06% 4.76% 3.24% 1517%  9.91% 8.34% 9.78%  11.38% 1357%  9.53% 5.85% 8.83% 9.02% 4.93% 3.72% 3.26% 4.47% 4.11% 0.84% 0.81% 0.31% 1.36% 0.86%
$5,000 to $9,999 7.76% 6.19% 3.46% 4.51% 5.08% 2343% 22.06% 17.88% 11.48%  19.65% 1477% 2207% 16.76% 12.38%  16.56% 11.98% 11.45%  7.68% 4.40% 9.30% 4.06% 172% 1.38% 1.07% 1.74%
$10,000 to $14,999 8.54% 7.05% 5.88% 5.22% 6.28% 1945% 18.09% 11.03% 11.78%  15.87% 16.92% 19.08% 13.87% 15.08%  16.06% 16.45% 13.37%  9.27% 837%  12.28% 4.70% 4.49% 2.26% 2.39% 3.13%
$15,000 to $19,999 8.95% 9.27% 7.96% 5.83% 7.58% 1169% 1341% 10.22% 8.78%  11.26% 13.99%  9.72%  13.00% 10.29% 11.67% 10.83% 11.28% 10.50%  6.32% 9.98% 4.95% 6.63% 4.21% 2.28% 4.16%
$20,000 to $29,999 1874% 17.92% 11.49% 1456%  15.09% 16.99% 1280% 1647% 1519%  15.49% 16.63% 16.65% 15.83% 16.17% 16.28% 20.04% 18.27% 15.63% 16.04% 17.71% 17.46% 13.24%  9.56% 857%  11.14%
$30,000 to $39,999 2216%  17.66% 1389% 12.74%  15.50% 7.05% 855%  1544% 11.35%  10.03% 1345%  791%  12.63% 1254% 11.59% 16.24% 1345% 12.32% 12.36% 13.77% 1951% 14.87% 12.32% 9.19%  12.81%
$40,000 to $49,999 12.26% 1447% 16.26% 1256%  13.89% 2.43% 7.29% 7.09% 9.16% 5.91% 5.33% 7.42% 6.54% 8.63% 7.07% 9.32%  1253% 13.89% 11.18% 11.66% 1317% 16.62% 12.82% 12.03%  13.37%
$50,000 to $74,999 1412% 16.31% 2250% 17.94% 18.22% 2.32% 5.66% 9.96% 13.77%  6.94% 4.53% 422%  10.23% 1043%  7.70% 6.66%  1047% 18.25% 16.26% 12.38% 2322% 2300% 28.05% 20.63%  23.69%
$75,000 and over 5.26% 9.65%  1550% 21.87% 15.12% 1.48% 2.21% 3.57% 8.71% 3.47% 0.80% 3.39% 5.30% 5.66% 4.06% 3.55% 5.47% 9.19%  20.60%  8.80% 12.09% 18.62% 29.03% 4249%  29.10%
Educational Attainment
Less that HS 1058%  10.58% 271%  22.77% 18.55%  18.55% 14.60%  14.60% 3.90% 3.90%
High School or GED 2842%  28.42% 2820%  28.20% 30.06%  30.06% 33.02%  33.02% 2219%  22.19%
Some College 23.00%  23.00% 1891% 18.91% 22.88%  22.88% 21.16%  21.16% 2331% 23.31%
Associate's Degree 1037%  10.37% 7.07% 7.07% 8.89% 8.89% 8.59% 8.59% 10.26%  10.26%
Bachelor's Degree 17.76%  17.76% 1563%  15.63% 1467% 14.67% 1429%  14.29% 25.89%  25.89%
Graduate/Professional Degree 9.87% 9.87% 7.43% 7.43% 4.95% 4.95% 8.34% 8.34% 14.44%  14.44%

Household Composition
Household Size

Size 1 1989% 1947% 23.84% 26.42%  23.30% 4237%  40.44% 44.41%  47.06%  43.21% 4053%  46.89%  47.90%  48.74%  46.46% 16.65% 21.66% 24.90% 28.52% 22.35% 1177% 11.43% 14.40% 16.74%  14.22%
Size 2 39.09% 37.23% 3299% 32.8%%  34.76% 27.00% 27.20% 2335% 22.19%  25.37% 34.11% 29.46% 29.62% 24.21%  29.03% 3555% 3262% 3261% 32.74%  33.48% 35.00% 34.99% 37.45% 34.30% 35.48%
Size 3 17.86% 17.33% 18.36% 16.20% 17.26% 1323% 14.18% 1252% 11.80%  13.05% 13.09% 12.30% 12.68% 12.19% 12.54% 1831% 1897% 16.85% 16.26% 17.73% 19.85% 1851% 16.15% 17.62%  17.70%
Size 4 1553% 1558% 1512% 1355%  14.69% 8.91% 9.03% 9.77% 9.31% 9.20% 8.80% 5.90% 6.89% 8.85% 7.52% 16.90% 1521% 13.99% 11.60% 14.69% 20.98% 22.46% 19.30% 17.94%  19.72%
Size 5 or More 7.62%  10.38%  9.69%  10.94%  9.99% 8.49% 9.16% 9.95% 9.64% 9.18% 3.46% 5.46% 2.91% 6.01% 4.46% 1259% 11.55% 11.65% 10.88%  11.74% 12.39% 12.61% 12.70% 1340% 12.88%
Age of Household Head 4537 41.72 49.22 48.96 4823 46.69 46.16 48.66 47.65 47.16 40.01 42.64 4811 46.24 44.71 48.99 50.96 52.76 52.26 51.08 48.69 48.93 51.81 51.76 50.74
Housing Unit Tenure
Owner T127%  76.74% 79.02%  69.84%  74.83% 245%  2143% 2055% 17.75%  21.65% 1449% 11.34% 16.74% 11.64% 13.64% 8140% 78.02% 7549% 75.02%  77.79% 94.19% 91.23% 91.45% 89.48%  91.12%
Renter 2245% 2247% 1937% 29.07%  24.13% 73.08% 76.66% 77.47%  80.15%  76.24% 8453% 86.30% 82.14% 87.16%  84.94% 16.81% 20.76% 2319% 23.17%  20.68% 4.24% 8.18% 7.82% 9.82% 8.06%
No Rent 0.28% 0.79% 1.61% 1.09% 1.04% 2.33% 1.90% 1.99% 2.11% 211% 0.98% 2.31% 1.12% 1.20% 1.42% 1.79% 1.22% 1.32% 1.81% 1.52% 1.57% 0.58% 0.73% 0.70% 0.81%
Housing Unit Size
0to 999 sqft. 1620% 1554% 1413% 20.10% 16.98% 69.38% 67.61% 61.75% 7167%  67.74% 76.12% 71.33% 70.95% 75.90%  73.32% 16.17% 1550% 1551% 16.68%  15.93% 2.61% 157% 1.91% 2.93% 2.30%
1000 to 1999 sqft. 49.74%  4386% 49.31%  46.47%  47.16% 2494%  26.87% 30.20% 2351%  26.28% 22.33% 27.12% 2527% 21.84% 24.2T% 46.94%  4496% 41.21%  40.73%  43.80% 22.78% 27.00% 26.61% 24.16%  25.26%
2000 to 2999 sqft. 2300% 29.05% 21.58% 21.23% 23.23% 4.15% 4.21% 6.19% 3.62% 4.52% 0.95% 117% 2.76% 1.62% 1.72% 26.75% 26.01% 25.77% 24.44%  25.85% 4478%  37.66% 32.65% 33.83%  35.89%
3,000 sqft. and over 11.06% 11.55% 14.98% 12.20% 12.63% 1.52% 1.25% 1.87% 1.20% 147% 0.60% 0.38% 1.02% 0.64% 0.68% 10.15% 13.53% 17.51% 18.15% 14.42% 29.83% 33.77% 38.84% 39.09%  36.55%

Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009



Income follows very closely with high-energy use among Bungalow Dwellers and Heavy
Consumers, the highest consuming profiles, which have both the highest proportion in the upper
income groups as well as the highest energy consumption. Electricity Consumers are, again, an
exception, with the second highest proportion of households in the highest income group, but far
lower energy consumption than either of the other high-income profiles. They also tend to have

similar housing unit sizes to Bungalow Dwellers and tend to own their houses at similar rates.

Heavy Consumers are predominantly homeowners (89.5%), while Apartment Dwellers and
Subsistence Users are much less likely to own homes (17.8% and 16.6%, respectively). Despite
lower energy consumption and trends showing that homeownership increases energy
consumption, Electricity Consumers still have a high ownership rate (69.8%); however, those
housing units tend to be smaller, 20.1% in the 0 to 999 square feet size category compared to

2.9% among Heavy Users and 16.7% among Bungalow Dwellers.

Demographically, Heavy Consumers and Bungalow Dwellers are the oldest, and Subsistence
Users are the youngest. The oldest households, between 51 and 52 years of age on average, also
tend to have the largest household size, seemingly linked to being at the age where it is most
likely that households will have children and teens. However, Electricity Consumers and
Apartment Dwellers have similar proportions of their average ages (around 48), but are much

more likely to have smaller household sizes.

Table 5.2, in combination with Table 5.1, suggests that certain behaviors, such as lower
thermostat settings, are more likely in higher income households. About 13.5% of Heavy
Consumers have thermostat settings of 73 or higher, while Subsistence Users have 27.7% of their

households at that setting. Characteristics like number of appliances are lowest in the lowest
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income households (Apartment Dwellers and Subsistence Users are lowest income and lowest
appliance usage households). Figure 5.1 below suggests that the profiles have shifted across

these points in time, likely due to changes in material cultures across socioeconomic status.

Figure 5.1 Share of Households by Energy Services Profile, United States, 1987- 2009
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Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009

Figure 5.1 demonstrates that the prevalence of different classes is markedly different in
different years. Especially stark are the increases in the prevalence of the Electricity Consumers
(lower usage, predominantly electricity) and Heavy Consumers (highest usage, predominantly
combustible fuels). Some of this rise may be linked to the aging population, with trends showing
that households moved into their highest earning and energy consuming years at historic rates
over this period. As such, Heavy Consumers have a high average age at 51.8 years in 2009, up
from 48.7 in 1987. Apartment Dwellers (moderate energy consumption) and especially

Bungalow Dwellers (higher energy consumption, but not the highest) are in marked decline over
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the study period. Bungalow Dwellers are the oldest profile on average as well, which is likely the
aging of those households into lower consumption years characterized by different housing stock
options that could shift them to other profiles. Perhaps the most interesting trend is the consistent
proportion of users made up by Subsistence Users (lowest energy consumption). Despite a small
rise in the middle periods, this group has maintained a consistent segment of the population
across different points in time. Given the lower age group and income, this might suggest that
many, but not all, households inhabit this profile transitionally during household life-cycle
transitions. This profile may also contain a group of lower income households that are unable to

transition into the other classes due to their lower socioeconomic status and persist in this profile.

Regression Analyses

Table 5.3 focuses on statistically testing for differences between the LCA-based profiles and
how socioeconomic status is related to the profiles testing for mediation of effect of
socioeconomic status. Model 1 shows the uncontrolled effects of socioeconomic status
indicators. This model mirrors Model 3 of Table 4.3 in Chapter 4, showing uniformly less energy
consumed for lower income than the highest group, and mixed results for the educational classes.
The effect for those making $0 to $4,999 a year shows that they use 49% less energy than those

making $120,000 or more.

Model 2 then shows that adding the profiles mediates the effects of income dramatically. For
example, the effect for those making $0 to $4,999 a year decreases by 51.5% compared to
Model 1. Interestingly, after controlling for the profiles, the effects of education solidify and
show that the lower educational groups used more energy than the highest. As for the profiles
themselves, Apartment Dwellers are the only profile that does not have statistically different

energy consumption from Electricity Consumers. All of the other profiles use more energy than
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the Electricity Consumers, except for the Subsistence Users, controlling for socioeconomic

status.

Model 3 adds control variables including tenure, unit size, heating and cooling days (defined
in Chapter 3), and electric heating. This model shows further mediation of both the income and
profile effects. The effect of those making $0 to $4,999 decreased by another 36.4%, while the
effect of being in the less than high school educational category increased by 73.9%. All of the
profiles are statistically distinct from Electricity Consumers; in fact, the effect for Apartment
Dwellers shows that they use less energy than Electricity Consumers. After these controls are
added in Model 3, Heavy Consumers use about 20% more energy than Electricity Consumers;
this is down 76% from Model 2, where the Heavy Users consumed 84% more than Electricity

Consumers.

After accounting for demographic characteristics, the effect of income decreases even
further: the effect for those making $0 to $4,999 decreases by 42.9%. Educational attainment is
largely mediated by these demographic variables, returning to a similar shape as Model 1.
Interestingly, the effect of income, while lower, is still significant across the range. After
controlling for the demographic characteristics of the household, the effect of the profiles
remains nearly unchanged, demonstrating little additional relationship with demographic

characteristics.
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Table 5.3. OLS Regression Estimates on Logged Total Household Energy Consumption, United States, 2009

Model 1 Model 2 Modkel 3 Model 4
B e® P B e® P B e® P B e® P
Socioeconomic Status
Household Income ($120,000)
$0 to $4,999 -0.68 *** 051 0.000 -0.33 ¥** 072 0.000 -0.21 *¥** 081 0.000 -0.12 ¥** 089 0.000
$5,000 to $9,999 -0.77 *¥** 046 0.000 -0.37 *** 069 0.000 -0.24 *¥** 079 0.000 -0.14 *¥** 087 0.000
$10,000 to $14,999 -0.72 *¥*¥* 049 0.000 -0.38 *** 068 0.000 -0.25 *¥** 078 0.000 -0.16 *** 085 0.000
$15,000 to $19,999 -0.66 *** 052 0.000 -0.34 *¥** 071 0.000 -0.21 *¥** 081 0.000 -0.14 *¥** 087 0.000
$20,000 to $29,999 -0.58 *** 056 0.000 -0.35 *** 070 0.000 -0.23 ¥** 079 0.000 -0.17 *¥** 084 0.000
$30,000 to $39,999 056 ¥** 057 0.000 -0.35 ¥** 070 0.000 -0.24 ¥** 079 0.000 -0.18 *** 084 0.000
$40,000 to $49,999 045 ¥** 064 0.000 029 ¥** 075 0.000 -0.22 ¥** 080 0.000 -0.18 *** 084 0.000
$50,000 to $74,999 -0.38 *** 068 0.000 026 ¥** 077 0.000 021 ¥** 081 0.000 -0.17 ¥** 084 0.000
$75,000 to $99,999 025 ¥** 078 0.000 -0.19 *** 083 0.000 -0.16 *** 085 0.000 -0.15 *** 086 0.000
$100,000 to $119,999 012 ¥** 089 0.000 -0.008 *** 091 0.000 -0.12 ¥** 089 0.000 -0.12 ¥** 089 0.000
Educational Attainment (Graduate/Professional Degree)
Less that HS 0.014 101 0.585 0.07 ** 1.07 0.00 012 *** 113 0.00 0.02 1.02 0.31
High School or GED 0071 *** 107 0001 0.07 *** 107 0.00 0.09 *** 109 0.00 0.04 * 1.04 0.02
Some College 0061 ** 106 0004 0.06 *** 106 0.00 0.09 *** 109 0.00 005 ** 105 0.00
Associate's Degree 0.031 1.03 0.207 0.04 + 1.04 0.09 0.04 * 1.04 0.02 0.01 1.01 0.59
Bachelor's Degree -0.0033 1.00 0.873 0.00 1.00 0.84 0.01 1.01 0.48 0.00 1.00 0.92
Energy Services Profiles (Electricity Consumer)
Apartment Dweller 0.00 1.00 0.94 009 *** 092 0.00 008 *** 092 0.00
Subsistence User -0.42 ¥** 066 0.00 -0.29 ¥** 075 0.00 -0.27 ¥** 076 0.00
Bungalow Dweller 050 *** 165 0.00 0.09 *** 110 0.00 0.09 *** 109 0.00
Heavy Consumer 061 *** 184 0.00 0.18 *** 120 0.00 017 *** 119 0.00
Household Composition
Household Size (Size 1) 0.8 *** 120 0.00
Size 2 031 *** 136 0.00
Size 3 036 *** 143 0.00
Size 4 043 *** 154 0.00
Size 5 or More 0.00 *** 1,00 0.00
Age of Household Head -0.03 * 0.97 0.01
65+ Member (Yes=1) -0.03 ¥** 097 0.00
Controls
Electric Heating (Yes=1) -0.26 ¥** 077 0.00 -0.26 ¥** 077 0.00
Housing Unit Tenure (Owner)
No Rent -0.04 *** 096 0.00 -0.06 ¥** 095 0.00
Renter 0.10 * 110 0.02 0.08 * 1.08 0.03
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. 059 ¥** 055 0.00 049 *** 061 0.00
1000 to 1999 sqft. 032 ¥** 073 0.00 0.28 ¥*¥* 076 0.00
2000 to 2999 sqft. 018 *** 084 0.00 016 *** 085 0.00
Heating Degree Days 65 (1000s) 009 *** 110 0.00 010 *** 110 0.00
Cooling Degree Days 65 (1000s) 0.08 *** 108 0.00 0.08 *** 109 0.00
Constant 11.60 0.00 11.10 0.00 11.20 0.00 10.70 0.00
R-squared 0.113 0.367 0.505 0.542

N=12,083; * p<0.05, ** p<0.01, *** p<0.001
Notes: References in Parentheses.

Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009

Table 5.4 more thoroughly interrogates differences in energy consumption by taking the
same approach as Table 5.3, but by fuel type. Disaggregating the models by fuel type can
provide more detail in how energy consumption is impacted by these profiles. Due to extreme
differences in energy consumption by fuel type for particular profiles, Model 2 from Table 5.3 is
omitted because of the salience of heating fuel choice for the results. Model 1 takes the same

specification as Model 1 in Table 5.3 run by fuel type. Income shows a strong effect on
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electricity consumption (those making $0 to $4,999 use 43.0% less than those making $120,000
or more). Electricity use models also demonstrate a significant effect of educational attainment
(those with a high school degree use 10.0% more than those with a graduate or professional
degree). This is different than the overall models where education showed smaller, largely
insignificant effects. Combustible fuel consumption shows an even stronger effect of income
(those making $0 to $4,999 use 92.0% less than those making $120,000 or more), but no

significant effect of educational attainment.

Model 2 introduces the profiles and control variables. The effect of income is mediated for
electricity consumption (57.9% for those making $0 to $4,999). Combustible fuels also saw
mediation of the income effect (78.9% for those making $0 to $4,999). The effect of educational
attainment remains largely unchanged for both fuels in this model. The profiles show strong
effects on both fuel types where Electricity Consumers use far less combustible fuels than other
profiles (Apartment Dwellers use 159% more combustible fuels than Electricity Consumers).
Heavy Consumers use 5% more electricity than Electricity Consumers after controlling for
housing unit size and the use of electric heating, which is perhaps the most interesting finding in

the model.
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Table 5.4. OLS Regression Estimates on Logged Household Energy Ct

by Fuel Type, United States, 2009

Model 1 Model 2 Model 3
A. Electricity
B e® P-Value B e® P-Value B e® P-Value
Socioeconomic Status
Household Income ($120,000)
$0to $4,999 0,57 *¥** 057 0.000 0.24 *** 079 0.000 012 *** 0.89 0.000
$5,000 to $9,999 075 ¥** 047 0.000 034 *¥** 071 0.000 017 *** 0.84 0.000
$10,000 to $14,999 -0.65 *** 0.52 0.000 -0.28 ¥** 0.76 0.000 012 *** 0.89 0.000
$15,000 to $19,999 -0.58 *** 056 0.000 0.26 *** 077 0.000 0.14 *** 087 0.000
$20,000 to $29,999 -0.52 *** 0.59 0.000 -0.28 ¥** 0.76 0.000 017 *** 0.84 0.000
$30,000 to $39,999 -0.47 *** 063 0.000 -0.27 ¥** 0.76 0.000 017 *** 084 0.000
$40,000 to $49,999 -0.36 *** 0.70 0.000 0.22 *¥** 0.80 0.000 0.15 *** 0.86 0.000
$50,000 to $74,999 -0.32 *** 073 0.000 02 ¥** 0.82 0.000 -0.14 *** 0.87 0.000
$75,000 to $99,999 0.21 *¥** 081 0.000 0.14 *** 0.87 0.000 012 *** 0.89 0.000
$100,000 to $119,999 013 ¥** 088 0.000 012 ¥** 0.89 0.000 012 *** 0.89 0.000
i i Degree)
Less that HS 0,092 ** 110 0.001 021 *** 123 0.00 009 *** 110 0.00
High School or GED 0.17 *** 119 0.000 019 ¥** 121 0.00 013 ¥** 114 0.00
Some College 018 *** 120 0.000 018 *** 120 0.00 012 *** 113 0.00
Associate's Degree 015 *** 116 0.000 013 *** 114 0.00 009 *** 1.09 0.00
Bachelor's Degree 0.04 + 1.04 0.084 005 ** 1.05 0.00 0.03 1.03 0.10
Energy Services Profiles (Electricity Consumer)
Apartment Dweller 0,53 *** 059 0.00 052 *** 059 0.00
Subsistence User -0.35 ¥** 0.70 0.00 -0.32 *** 073 0.00
Bungalow Dweller 016 *** 0.85 0.00 -0.16 *** 0.85 0.00
Heavy Consumer 0.05 * 105 0.01 0.04 + 104 0.07
Household Composition
Household Size (Size 1)
Size 2 026 *** 130 0.00
Size 3 039 *** 148 0.00
Size 4 044 *** 155 0.00
Size 5 or More 052 *** 1.68 0.00
Age of Household Head 000 *** 1.00 0.00
65+ Member (Yes=1) 009 *** 091 0.00
Controls
Electric Heating (Yes=1) 044 ¥** 155 0.00 043 *** 154 0.00
Housing Unit Tenure (Owner)
No Rent -0.08 *** 092 0.00 -0.13 *** 0.88 0.00
Renter 012 ** 113 0.01 0.08 + 1.08 0.07
Housing Unit Size (3,000 sqft. and over)
0to 999sqft. 0,54 *** 058 0.00 043 *** 065 0.00
1000 to 1999 sqft. 031 *** 073 0.00 0.27 *** 076 0.00
2000 to 2999 sqft. 021 *** 081 0.00 2018 *** 084 0.00
Heating Degree Days 65 (1000s) 005 *** 1.06 0.00 006 *** 1.06 0.00
Cooling Degree Days 65 (1000s) 019 *** 121 0.00 020 *¥** 122 0.00
Constant 10.60 0.00 10.20 0.00 9.72 0.00
R-squared 0.075 0.437 0.492
B. C Fuels
B e® P-Value B e® P-Value B [ P-Value
Socioeconomic Status
Household Income ($120,000)
$0to $4,999 -2.56 *** 0.08 0.000 -0.54 ** 0.58 0.002 047 ** 0.63 0.009
$5,000 to $9,999 2.3 *** 0.09 0.000 -0.30 + 074 0.083 -0.25 078 0.160
$10,000 to $14,999 2.22 *¥** 011 0.000 0.44 ** 064 0.006 040 * 067 0.013
$15,000 to $19,999 243 *¥* 0.09 0.000 <051 ** 0.60 0.002 048 ** 0.62 0.003
$20,000 to $29,999 215 *** 012 0.000 0,54 *** 058 0.000 051 *** 0.60 0.000
$30,000 to $39,999 212 ¥** 012 0.000 061 *¥** 054 0.000 058 *** 056 0.000
$40,000 to $49,999 171 *FFE 0.18 0.000 -0.54 ¥** 058 0.000 -0.52 *** 0.59 0.000
$50,000 to $74,999 -1.38 *** 025 0.000 048 *** 0.62 0.000 045 *** 064 0.000
$75,000 to $99,999 1,00 *¥** 037 0.000 050 *¥** 061 0.000 049 **¥* 0.61 0.000
$100,000 to $119,999 -0.35 070 0.115 029 * 075 0.048 -0.28 + 0.76 0.061
duate/P i Degree)
Less that HS -0.10 0.90 0619 0.10 110 0.47 -0.05 0.95 0.69
High School or GED -0.23 079 0.150 -0.12 0.89 0.25 -0.19 + 083 0.08
Some College -0.20 0.82 0222 0.02 1.02 084 -0.02 098 088
Associate's Degree -0.30 0.74 0.119 -0.08 0.92 051 -011 0.90 038
Bachelor's Degree 0.04 1.04 0.827 0.04 1.04 072 0.04 1.04 074
Energy Services Profiles (Electricity Consumer)
Apartment Dweller 095 *** 259 0.00 094 ¥** 256 0.00
Subsistence User 0.79 *** 220 0.00 081 *** 2.25 0.00
Bungalow Dweller 139 *** 401 0.00 138 *** 397 0.00
Heavy Consumer 188 *** 6.55 0.00 186 *** 6.42 0.00
Household Composition
Household Size (Size 1)
Size 2 0.22 ** 125 0.01
Size 3 031 ** 1.36 0.00
Size 4 039 *** 148 0.00
Size 5 or More 061 *¥** 184 0.00
Age of Household Head 0.01 * 1.01 0.02
65+ Member (Yes=1) 0.07 107 0.44
Controls
Electric Heating (Yes=1) -5.58 ¥** 0.00 0.00 -5.58 ¥** 0.00 0.00
Housing Unit Tenure (Owner)
No Rent 017 * 084 0.03 -0.13 0.88 011
Renter 0.08 1.08 0.76 0.10 110 0.71
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. 070 ¥** 050 0.00 056 ¥** 057 0.00
1000 to 1999 sqft. 055 *** 058 0.00 049 *** 061 0.00
2000 to 2999 sqft. 0.32 *¥** 073 0.00 0.28 *** 076 0.00
Heating Degree Days 65 (1000s) -0.06 ** 0.94 0.00 -0.05 * 0.95 0.01
Cooling Degree Days 65 (1000s) -0.74 ¥** 0.48 0.00 -0.73 ¥** 0.48 0.00
Constant 9.79 0.00 1110 0.00 1040 0.00
R-squared 0.030 0.583 0.584

N=12,083; * p<0.05, ** p<0.01, *** p<0.001
Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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When introducing demographic controls in Model 3, the pattern emerging seems to reverse.

Electricity sees the largest mediation (50% for those making $0 to $4,999) for the income effect

from these factors, while combustible fuel consumption shows a similar effect from Model 2.

Interestingly, the effect of the profiles remains very similar for both fuels, even with the

incorporation of demographic factors. Additionally, the introduction of the profiles concurrently

with the demographic factors has linearized the effect of household size. In less statistical terms,

Table 5.5. OLS Regression Estimates on Logged Total Household Energy Consumption by Year, United States, 1987-2009

1987 1993 2001 2009
B e® P B e® P B e® P B e® P
Socioeconomic Status
Household Income ($75,000)
$0 to $4,999 0210 *** 0811 0.000 -0.092 ** 0912 0.009 -0.010 0.990 0.805 -0.023 0977 0.307
$5,000 to $9,999 0180 *** 0835 0.000 -0.093 *¥** 0911 0.001 -0.150 *** 0861 0.000 -0.040 + 0.961 0.078
$10,000 to $14,999 0210 *** 0811 0.000 -0.098 *** 0907 0.000 -0.120 *** 0887 0.000 -0.055 ** 0.946 0.006
$15,000 to $19,999 0230 *** 0795 0.000 -0.098 *** 0907 0.000 -0.077 ** 0.926 0.008 -0.038 + 0.963 0.067
$20,000 to $29,999 0230 *** 0795 0.000 -0.110 ***  0.89% 0.000 -0.073 ** 0.930 0.004 0,065 *** 0937 0.000
$30,000 to $39,999 -0.200 ***  0.819 0.000 -0.140 *** 03869 0.000 -0.092 *** 0912 0.000 -0.084 *** 0919 0.000
$40,000 to $49,999 -0.170 ¥** 0844 0.000 -0.100 *** 0,905 0.000 -0.110 ***  0.896 0.000 -0.082 ¥** 0921 0.000
$50,000 to $74,999 -0.140 ***  0.869 0.000 -0.120 ***  0.887 0.000 -0.092 ¥*¥* 0912 0.000 -0.077 ¥** 0926 0.000
Energy Services Profiles (Electricity Consumer)
Apartment Dweller -0.350 ¥** 0705 0.000 -0.220 ***  0.803 0.000 -0.220 ¥**  0.803 0.000 -0.082 ¥** 0921 0.000
Subsistence User 0310 *** 0733 0.000 -0.340 *** 0712 0.000 -0.380 *** 0684 0.000 0270 *** 0763 0.000
Bungalow Dweller -0.230 *** 0795 0.000 -0.038 0963 0274 0.046 1047 0223 0.090 *** 1094  0.000
Heavy Consumer -0.076 0.927 0.112 0.054 1.055 0.108 0.081 * 1.084 0.028 0170 *** 1185 0.000
Household Composition
Household Size (Size 1)
Size 2 0120 *** 1127 0.000 0190 *** 1209 0.000 0.180 *** 1197 0.000 0190 *** 1209 0.000
Size 3 0270 ¥** 1310 0.000 0.310 *** 1363 0.000 0.260 *** 1297 0.000 0310 *** 1363 0.000
Size 4 0310 *** 1363 0.000 0.360 ¥** 1433 0.000 0.310 *** 1363 0.000 0360 *** 1433 0.000
Size 5 0or More 0330 ¥** 1391 0.000 0.440 *¥** 1553 0.000 0430 *¥** 1537 0.000 0.440 ¥** 1553 0.000
Age of Household Head 0002 *** 1,002 0.000 0.002 *** 1002 0.000 0.002 *** 1,002 0.000 0.003 *** 1003 0.000
65+ Member (Yes=1) -0.760 0.468 0.119 0.980 ** 2.664 0.003 -0.034 + 0.967 0.091 -0.036 ** 0.965 0.008
Controls
Electric Heating (Yes=1) -0.700 *** 0497 0.000 -0510 *** 0600 0.000 -0.340 *** 0712 0.000 -0.250 ***  0.779 0.000
Housing Unit Tenure (Owner)
No Rent 0,048 ** 1.049 0.008 -0.005 0.995 0.752 -0.071 *** 0931 0.000 -0.056 *** 0946 0.000
Renter -0.051 0.950 0.292 -0.027 0973 0.584 -0.150 ** 0.861 0.008 0074 * 1.077 0.050
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. -0.400 *** 0,670 0.000 -0.490 *** 0613 0.000 -0.510 *** 0,600 0.000 -0.500 *** 0,607 0.000
1000 to 1999 sqft. -0.200 ¥** 0819 0.000 -0.270 *** 0763 0.000 -0.290 ¥** 0748 0.000 -0.200 ¥** 0748 0.000
2000 to 2999 sqft. -0.000 *** 0914 0.000 -0.130 *** 0878 0.000 -0.160 ***  0.852 0.000 -0.170 ¥** 0844 0.000
Heating Degree Days 65 (1000s) 0.110 *** 1116 0.000 0.088 *** 1002 0000 0089 *** 1093  0.000 0.098 *** 1103 0.000
Cooling Degree Days 65 (1000s) 0.085 *** 1,089 0.000 0.088 *** 1002 0000 0.086 *** 1000  0.000 0.080 *** 1,083 0.000
Constant 12.000 *** 0.000 10.100 *** 0.000 11.000 *** 0.000 10.700 *** 0.000
N 6229 7111 4822 12083
R-squared 0.4386 0.5315 0.5561 0.5381

Notes: References in Parentheses.
Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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considering the profiles has accounted for the factors that have typically produced the economies

of scale that appear in the household size variable.

Research Aims 5.2, 5.3, and 5.5 all suggest that there should be some temporal variation in
the profiles. This table is built to evaluate that claim using Model 4 from Table 5.3 (without
educational attainment) and running it by year. While the income effect is different by year, it is
important to note that due to the categorization of income, it is not adjusted for the significant
inflation that has occurred over the period. So while Research Aim 5.5 would be best proven by
looking at comparable measures over time, this is not possible and the results are viewed with
great caution. There seems to be some differences in the effects of the profiles at different time
points. In 1987, Heavy Consumers are not significantly different than Electricity Consumers, but
in 2009 this comparison is the largest difference, suggesting that Heavy Consumers use about
18.0% more energy than the Electricity Consumers profile. Apartment Dwellers and Subsistence
Users are significantly negative throughout the period of study. In 1987, Apartment Dwellers
used 30% less energy than Electricity consumers and Subsistence Users used about 27.0% less.
By 2009 Apartment Dwellers use only 8.0% less than the Electricity Consumers, while
Subsistence Users still used about 24.0% less. Despite having more moderate effect sizes, all of
the Profiles have significant distinctions in 2009. In fact, Bungalow Dwellers used less energy in

1987 than Electricity Consumers (about 20.0% less), but by 2009 they used about 9.0% more.

Research Aim 5.2 points toward differences in the effects of profiles across income,
specifically to investigate if the income effect can swallow the more proximate profiles. To
investigate this, Model 4 from Table 5.3 was run by broad income categories and the sample was
restricted to only 2009 to allow for comparable income results. Table 5.6 clearly suggests

differences in the way that profiles influence energy consumption across income groups based on
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the variation in the effects of each model. Similar to the rest of the dissertation, once the more

proximate factors and demographic characteristics are controlled for, educational attainment

does not show many significant effects across income. At the lowest incomes, almost all profiles

use significantly less energy than Electricity Consumers. Subsistence Users in the lowest income

group use 30% less energy than Electricity consumers, while Bungalow Dwellers use only 10%

less. There is no significant difference for Heavy Consumers at this income level.

Table 5.6. OLS Regression Estimates on Logged Total Hous ehold Energy Consumption by He hold ke , United States, 2009
Hous ehold lhcome Group
30 to 519,999 $20.000 to 549,999 $50.000 or more
B & P B & P B & P
Socdoeconomic Status
Educational A ttainment (Graduate/Professional Degree)
Less that HS 0041 1.04 0.546 0.022 1.02 0.343 0.0033 1.00 0921
High School or GED 0084 1.09 0203 0016 1.02 0.611 0012 1.01 0509
Some College 0.085 1.09 0207 0.042 104 0.186 0.011 1.01 0538
Associate's Degree 0.046 105 0542 0058 1.06 0.101 0065 ** 094 0.002
Bachelor's Degree 0024 1.02 0.743 0.034 0.97 0318 0.00036 1.00 0982
Energy Services Profiles (Electridty Consumer)
Apartment Dweller -0.3 *** 074 0.000 -0.12 ** 0.89 0.002 0.028 1.03 0458
Subsistence User 035 *** 070 0.000 -025 *** 078 0.000 -02 *** 082 0.000
Bungalow Dweller 011 * 090 0.028 0.09 ** 1.09 0.006 015 *** 116 0.000
Heavy Consumer 0.06 094 0252 018 *** 120 0.000 023 *** 126 0.000
Household Composition
Household Size (Size 1)
Size 2 021 *** 123 0.000 016 *** 117 0.000 0.19 *** 121 0.000
Size 3 020 *** 134 0.000 032 *** 138 0.000 032 *** 138 0.000
Size 4 035 *** 142 0.000 037 *** 145 0.000 037 *** 145 0.000
Size 5 or More 041 *** 131 0.000 044 *** 155 0.000 045 *** 137 0.000
Age of Household Head 00021 * 1.00 0.026 00032 *** 1.0 0.000 0.0041 *** 100 0.000
65+ Member (Yes=1) 0065 + 094 0.059 00235 0.98 0.277 0034 + 097 0.063
Controls
Electric Heating (Yes=1) 046 *** 063 0.000 -027 *** 076 0.000 018 *** 084 0.000
Housing Unit Tenure (Owner)
No Rent 0032 + 095 0.056 0065 *** 0% 0.000 0067 *** 094 0.000
Renter 0.11 112 0.123 0.044 104 0.454 0.046 1.05 0.537
Housing Unit Size (3,000 sqft. and over)
0to 999sqft. 047 *** 063 0.000 -043 *** 063 0.000 038 *** 056 0.000
1000 to 1999 sqft. 025 *** 078 0.000 -023 *** 079 0.000 033 *** 072 0.000
2000 to 2999 sqft. -0.089 + 091 0.070 -0.13 *** (.88 0.000 -02 *** 082 0.000
Heating Degree Days 65 (1000s) 011 *** 112 0.000 0094 *** 110 0.000 0093 *** 110 0.000
Cooling Degree Days 65 (1000s) 0079 *** 108 0.000 0066 ***  1.07 0.000 0.088 *** 109 0.000
Constant 10.8 *** 0 106 *** 0 106 *** 0
N 2254 4279 3550
R-squared 0.479 05054 05102

Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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At the $20,000 to $49,999 income level, the profiles look considerably different than for
low incomes. Apartment Dwellers and Subsistence Users still use less energy than Electricity
Consumers do (11.0% and 22.0% respectively), but Bungalow Dwellers and Heavy Users use
more (9.0% and 20.0% more than Electricity Consumers respectively). Interestingly, at the
highest income level, $50,000 and higher, profiles are less different from each other than if they
were lower consumers in the middle incomes (e.g., Subsistence Users use 18.0% less compared
to 22.0% less). Those who used more in the middle incomes increase their distance (e.g., Heavy
Users use 26.0% more energy in this group compared to only 20.0% more in the middle income
group). The energy use for Electricity Consumers is (unsurprisingly) almost entirely electricity,
while the combustible fuels are more important to the other Profiles. Combustible fuel usage was
shown in Chapter 4 to be more strongly influenced by income. Given these trends, Electricity
Consumers may be less influenced by income because they rely more on electricity than
combustible fuels. Comparatively, Heavy Consumers' fuel mix is dominated by combustible fuel
usage, which shows positive significant differences from Electricity Consumers in the higher

income groups.

Householder age is an important demographic driver of energy consumption. Table 5.7 looks
at how the profiles and other drivers change for different age groups. Income has the largest
effect for those households headed by someone with an age between 50 to 64; the effect is
essentially flat for the other groups (most use between 13.0% and 21.0% less energy than those
making more than $120,000 a year). Householders aged 75 and over also show a similar effect of
income; however, the effect is less strong at higher incomes. These are two important periods,
the first being the highest earning portion of the lifecycle on average, and the second where

many households are mostly reliant on retirement savings and social security. In general, the
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Table 5.7. OLS Regression Estimates on Logged Total Household Energy Consumption by Householder Age, United States, 2009

Householder Age Group
Ages 18 To 34 Ages 35 t0 49 Ages 50 to 64 Ages 65 to 74 Ages 75 and over
B e® P B e® P B P B P B e® P
Socioeconomic Status
Household Income ($120,000)
$0to $4,999 -0.07 0.94 0.227 -0.08 + 0.92 0.070 -0.21 *** 0.81 0.000 -0.11 0.90 0.272 -0.34 *¥* 071 0.001
$5,000 to $9,999 -0.13 * 0.88 0.025 -0.06 0.94 0.242 -0.14 ** 0.87 0.002 -0.24 ** 0.79 0.003 -0.20 * 0.82 0.030
$10,000 to $14,999 -0.11 + 0.90 0.059 010 * 0.90 0.025 -0.16 *** 0.85 0.000 -0.23 *¥** 0.79 0.001 022 * 0.80 0.011
$15,000 to $19,999 -0.11 + 0.90 0.050 -0.06 0.94 0.213 -0.24 *¥** 0.79 0.000 -0.11 0.90 0135 021 * 0.81 0.018
$20,000 to $29,999 012 * 0.89 0.012 014 *¥** 0.87 0.000 -0.20 *¥** 0.82 0.000 -0.21 *¥** 0.81 0.001 -0.24 *¥* 0.78 0.003
$30,000 to $39,999 -0.15 *** 0.86 0.001 020 *** 0.82 0.000 -0.20 *¥** 0.82 0.000 -0.18 ** 0.84 0.003 -0.24 ** 0.78 0.003
$40,000 to $49,999 -0.16 *** 0.85 0.000 015 *** 0.86 0.000 -0.22 *¥** 0.81 0.000 -0.18 ** 0.83 0.002 -0.23 ** 0.79 0.005
$50,000 to $74,999 -0.13 ** 0.88 0.002 017 *** 0.84 0.000 -0.17 *** 0.84 0.000 -0.24 *¥** 0.78 0.000 -0.20 * 0.81 0.012
$75,000 to $99,999 -0.10 * 0.91 0.032 -0.15 *** 0.86 0.000 -0.15 *** 0.86 0.000 -0.21 *** 0.81 0.001 023 * 0.79 0.014
$100,000 to $119,999 012 * 0.89 0.034 -0.10 ** 0.90 0.002 -0.14 *** 0.87 0.000 -0.02 0.98 0.803 -0.22 0.81 0.101
Educational Attainment (Graduate/Professional Degree)
Less that HS 0.03 1.03 0.506 0.02 1.02 0517 0.02 1.02 0.643 -0.04 0.96 0471 0.01 1.01 0.823
High School or GED 0.04 1.04 0.261 0.05 + 1.05 0.098 0.03 1.03 0.320 0.02 1.02 0.689 -0.01 0.99 0.883
Some College 0.03 1.03 0.426 0.08 ** 1.09 0.003 0.02 1.02 0.461 0.03 1.03 0.552 0.03 1.03 0.564
Associate's Degree 0.01 101 0.889 0.02 1.02 0.488 0.00 1.00 0.986 -0.03 097 0.629 0.04 1.04 0.580
Bachelor's Degree -0.03 097 0.432 0.01 101 0.782 0.00 1.00 0.899 0.04 1.04 0.461 0.00 1.00 0.942
Energy Services Profiles (Electricity Consumer)
Apartment Dweller -0.17 *** 0.84 0.000 -0.11 ** 0.89 0.005 -0.04 0.96 0.300 025 ** 128 0.004 -0.08 0.93 0.380
Subsistence User -0.22 ¥** 0.81 0.000 -0.25 *¥** 0.78 0.000 -0.30 *** 0.74 0.000 -0.20 ** 0.82 0.005 -0.46 *¥** 0.63 0.000
Bungalow Dweller 010 * 11 0.014 0.10 ** 110 0.005 0.06 + 107 0.062 0.20 ** 122 0.002 0.04 1.04 0.541
Heavy Consumer 0.09 * 1.09 0.016 0.20 *** 122 0.000 0.16 *** 118 0.000 0.29 *** 134 0.000 0.13 + 113 0.059
Household Composition
Household Size (Size 1)
Size 2 0.15 *** 116 0.000 0.16 *¥** 117 0.000 0.20 *** 122 0.000 0.17 *** 119 0.000 0.11 *** 112 0.000
Size 3 0.27 *** 131 0.000 0.28 *** 132 0.000 031 *** 1.36 0.000 0.42 *** 152 0.000 0.24 ¥** 127 0.000
Size 4 0.34 *** 131 0.000 0.34 *** 1.40 0.000 0.38 *** 1.46 0.000 0.28 *** 132 0.000 041 ** 150 0.007
Size 5 or More 041 *** 140 0.000 0.40 *** 150 0.000 0.45 *** 157 0.000 0.40 *** 149 0.000 0.60 *** 182 0.000
Controls
Electric Heating (Yes=1) 0.36 *** 0.70 0.000 0,19 *** 0.83 0.000 0,22 *H* 0.81 0.000 013 * 0.88 0.012 042 *** 0.66 0.000
Housing Unit Tenure (Owner)
No Rent -0.05 * 0.95 0.017 -0.03 0.97 0.137 -0.06 * 0.94 0.011 -0.13 ** 0.88 0.007 -0.20 *** 0.82 0.000
Renter 0.11 112 0.113 0.07 1.07 0.393 0.03 1.03 0.677 0.16 118 0.323 -0.05 0.95 0.609
Housing Unit Size (3,000 sqft. and over)
0to 999 sqft. -0.46 *¥** 0.63 0.000 -0.50 *¥** 0.61 0.000 -0.46 *** 0.63 0.000 -0.60 *¥** 055 0.000 -0.38 *¥** 0.68 0.000
1000 to 1999 sqft. 026 *** 0.77 0.000 029 *** 075 0.000 0,27 *H* 0.76 0.000 0,24 *H* 0.79 0.000 0,27 ¥ 0.76 0.000
2000 to 2999 sqft. 011 ** 0.90 0.003 0.16 *** 0.85 0.000 016 *** 0.85 0.000 016 *** 0.85 0.000 0.5 *H* 0.86 0.000
Heating Degree Days 65 (1000s) 0.10 *** 111 0.000 0.10 *** 110 0.000 010 *** 111 0.000 0.10 *** 111 0.000 0,09 *** 1.09 0.000
Cooling Degree Days 65 (1000s) 0.10 *** 110 0.000 0.08 *** 1.09 0.000 010 *** 110 0.000 006 ** 1.06 0.002 0.01 1.01 0.679
Constant 10.82 *¥** 0.000 10.84 *** 0.000 10.90 *¥** 0.000 10.85 *** 0.000 1131 *** 0.000

Source: Residential Energy Consumption Survey, 1987, 1997, 2001, 2009
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profiles remain statistically distinct across the age groups, except at the oldest ages, where they
seem to be fairly similar. Subsistence Users consistently use less energy across all age groups,
ranging from about 18.0% less than Electricity Consumers in the 65 to 74 age group, to 37.0%
less for those age 75 and over. Household size is important across ages, but for householders at
the oldest ages, having a larger household most dramatically increases energy consumption
(Householders over the age of 75 even with just a household size of 3 will use 27.0% more than
household of size 1, while if there is a household of size 5, then they can expect to use 82.0%

more energy).

Discussion

This chapter presents results that further interrogate the influences of socioeconomic status
and demographic characteristics in producing energy consumption, while also contributing to the
literature on proximate drivers such as appliances and heating equipment. The general research
aims were investigated and important insights and findings, such as the distinct classes of energy
consumer, contribute to current literature while remaining fertile ground for future research. The
distinct set of profiles indicated by a broad range of physical and behavioral characteristics
proved important for energy consumption. A complicated relationship between the profiles and
socioeconomic status and demographic composition emerged. Finally, trends in the prevalence
and patterning of the profiles themselves provide important insight into national trends in

aggregate energy consumption in the residential sector.

The research aims in this chapter are all predicated on a distinct set of profiles for energy
consumers in the United States over the study period (1987 to 2009). There is an existing
literature that debates the usage of single indicators compared to using clusters of indicators to

understand energy conservation (Botetzagias et al. 2014; Karlin et al. 2012). This literature tends
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toward using clusters of behaviors and characteristics, but limits the scope to energy
conservation behaviors. This chapter shows that the approach can be even more useful by
extending the scope of indicators to general energy consumption characteristics. The profiles
proved to be distinct, even controlling for central drivers like socioeconomic status and
demographic characteristics, as well as other important characteristics such as temperature,
housing size, and housing ownership, among others. Interesting profiles, such as the Electricity
Consumers, as well as a complicated mix of efficient and inefficient behavior among Heavy
Consumers, complicate some stereotypes of different household types (Poortinga et al. 2004).
Electricity Consumers use much less energy through smaller homes and focus on electricity, but
also have much higher thermostat settings than Heavy Consumers. Heavy Consumers use far
more energy, mostly through a reliance on Combustible Fuels for heating and larger homes,
despite lower thermostat settings. These more complicated portraits provide better context to

sometimes inconsistent findings around energy conservation (Bhattacharjee and Reichard 2011).

A central assumption in most literature around socioeconomic status and demographic
composition is that these factors will determine behaviors and physical characteristics which then
change energy consumption (O’Neill and Chen 2002). Alternatively, many newer models put
these factors into an entirely interactive system that drives energy consumption, which assumes
that each part of the system influences the other (Stephenson et al. 2010; Yust et al. 2002).
Neither of these models is sufficient to include the findings in this chapter, specifically those
which suggest that the way the energy services profiles influence energy consumption varies
across income and householder age. Given that profiles do not entirely explain the effect of
either income or demographic characteristics, energy services profiles are not merely the results

of differences in resources and demand from demographic characteristics. In fact profiles are
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more distinct in lower income groups and among younger households. Older households or those
with more income tend to show smaller differences between the energy consumption of the
various profiles. This could be an indicator of some level of missing variable bias, where the
profiles are not sufficiently broad to capture all the behaviors and characteristics that determine
energy consumption. Regardless of that potential, that there are important interactions suggests
that a slightly more ordered approach to the Energy Cultures models of energy consumption

might be incredibly powerful to explain energy consumption.

In addition to the explanatory power shown for the profiles at the household level, changes in
their patterning also track very closely with national energy consumption trends. Overall
residential energy consumption is falling on a per household basis (Administration 2012a).
General trends within profiles show that energy consumption is falling from 1987 to 2009, and
are generally due to newer and more efficient appliances. Additionally, even while Heavy
Consumers are growing the fastest across the period, the decline in other higher energy
consuming groups like Bungalow Dwellers, combined with the ascension of lower using groups

like Electricity Consumers, are clearly contributing to the decline in per household consumption.

While there are clearly important contributions to the extant literature from this chapter, it is
important to note the limitations of the current study. The largest limitations come from the data
being a repeated cross-section which changed the questions each time it was fielded. This
excluded a number of important indicators of energy consumption profiles within households
and certainly includes some missing variable bias. The coding of income was inconsistent over
time and entirely categorical, which did not allow for the adjustment of income for inflation and
required a very low top-code in combined analyses. Additionally, because the data are not truly

longitudinal, there is not a true ability to track the changes a household goes through over time
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and how transitions from one profile to another are occurring. This means that any insight into
lifecycle drivers is limited. Finally, the data do not provide sufficient geographic detail to track
important factors such as policy differences between states or cultural and climatological

variation between geographies.

This chapter allows for additional insight and guidance to policy makers interested in energy
consumption. The first being that while it is clearly important to consider income and
socioeconomic differences, there are important differences between the energy services profiles
along other factors such as housing tenure (renting compared to owning). Many policies may
only specifically target Heavy Consumers, which is important given their energy consumption
levels, but misses the other 60-70% of households. Additionally, the energy consumption in a
household is determined through a constellation of drivers and characteristics that are
importantly distinguished by heating and cooling systems, pointing toward those characteristics
as being important policy levers. Finally, policy makers cannot assume that these profiles are
internally similar from a demographic and socioeconomic perspective, meaning different policy

levers may be needed for different parts of each profile.

Overall, this chapter highlights the importance of proximate factors driving energy use and
their clustering within households. These profiles are importantly influenced by the
socioeconomic and demographic composition of the household, and trends over time continue to
suggest the fruitfulness of future research taking up a lifecycle approach. This chapters
contributes to the literature on demographic and socioeconomic drivers, as well as to energy
conservation literature, in showing the value of understanding proximate factors using a broad

mix of factors and clustering them.
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Chapter 6. Discussion and Conclusion

This dissertation investigates and integrates several important factors that drive energy
consumption in the United States, and enhances current understandings of household energy
consumption more holistically. Socioeconomic status and demographic composition are
importantly related central drivers of energy use, and are taken up together and more in depth in
this dissertation than within most energy consumption work in the past. Households require
energy because it is used to run appliances that provide a specific service to the household. These
services are demanded through behaviors and fulfilled by the appliances themselves. This
dissertation takes a much broader look at these characteristics than the existing literature and
finds important patterns among them that indicate energy services profiles. These important
findings and contributions are made possible by the RECS data series that, while imperfect in
some respects, has allowed for a very detailed examination of energy services indicators,

socioeconomic status, and demographic composition over time.

This chapter discusses and highlights key findings as well as conceptual and policy
implications. Despite clear strengths of the data set and analysis, specific important questions are
unable to be addressed. This chapter outlines some important directions for future work that

could build on findings from this dissertation.

Findings and Significance

A central finding spanning both empirical chapters of the dissertation is that socioeconomic
status is important, and that most of the influence comes through income rather than education.
Chapter 4 demonstrates the strong link between energy consumption and income levels across
time and even educational attainment. Table 4.3 indicates that some of the association between

income and energy consumption is linked to housing unit tenure and size, partially supporting
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the implicit idea that income is merely a resource that enables different levels of energy-
significant consumption (Brounen et al. 2012; Poortinga et al. 2004). The rest of Chapter 4
complicates this, suggesting that combustible fuels are far more strongly driven than electricity
use by the level of income. This is likely linked to differences in housing stock at different
income points as well as costs associated with efficiency for this fuel type (Aydin, Kok, and
Brounen 2014; Ewing and Rong 2008; Gillingham et al. 2012). Income is also importantly linked
to householder age and household size. Householder age showed significantly different effects
for varying household sizes, but this was entirely explained by income. The effect of householder
age is also greatly diminished by incomes, linked primarily to the idea that householders in
middle to older ages earn more than younger and very old householders (Sakamoto and Powers
2005). This finding links to how household age and what compositional states they are in at older
ages in particular. Aging and retirement will not uniformly increase or decrease energy
consumption but will depend on the income levels households have at older ages, meaning that if
retirement, in a traditional sense, is less common, then higher incomes may persist and energy

consumption may stay higher.

While the relationship between educational attainment and energy consumption is far less
consistent than that of income, there are interesting patterns that develop. One of the most
interesting findings was that despite limited statistical significance after accounting for income
and a variety of other confounding variables, educational attainment seems to decrease energy
consumption. Even after considering the energy services profiles, the same pattern emerges in
the results for Chapter 5, along with similarly low levels of statistical significance. Looking
across educational attainment, income does drive up energy consumption among households

with similar levels of householder educational attainment and the results are statistically weak
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across models, strongly suggesting a small effect when considering income. This suggests that
higher levels of educational attainment adjust the overall level of energy consumption lower, but
that income will still function to increase energy consumption from that lower initial level. This
finding is broadly supported within the dissertation and lines up well with literature on education
and energy behaviors, as well as prior research on energy consumption and education (Frederiks

et al. 2015; Junk, Junk, and Jones 1987; Neuman 1986; Poortinga et al. 2004).

As indicated above, the conceptual model holds for different fuel types, but the
socioeconomic status association is dramatically different by fuel type. Educational attainment
plays a much clearer role when considering differences by fuel type. Educational attainment is
very strongly related to electricity consumption, but almost entirely unrelated to combustible fuel
consumption. The findings indicate that households with higher educational attainment tend to
use less electricity than households with lower educational attainment, once energy services
profiles are accounted for. Income plays a much larger role in combustible fuel consumption:
households in the higher income categories use far more combustible fuels than households in
the lower income categories, and this effect is much stronger than the effect of income on
electricity. In other words, income is a much stronger indicator of energy use than educational
attainment. Literature on energy conservation behaviors is commonly concerned with behaviors
like shutting off lights and postponing or foregoing use of an air conditioner, among other more
electricity-centered behaviors (Karlin et al. 2012). The findings in this dissertation align with the
energy conservation literature, in that those households with higher educational attainment more
effectively reduce energy consumption than their lower educated counterparts. By disaggregating
the analysis by fuel types, this dissertation allowed weak empirical findings around education

and total energy consumption and strong links between education and energy behaviors to be
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better integrated (Poortinga et al. 2004). This is an important contribution to literatures trying to
bridge the findings showing educational attainment is linked to norms and values around

environmental concern, and actions related to energy conservation (Pampel and Hunter 2012).

Over time, there has been an interesting shift in the prevalence of household energy services
profiles that corresponds with the decreasing per-household energy consumption trend in the
United States. Bungalow Dwellers, the second highest energy consuming profile, have
dramatically decreased in prevalence since 1987. Concurrently, Electricity Consumers have
increased significantly since 1987, and are now the second largest energy services profile group.
Heavy Consumers became the most highly prevalent energy services profile group in 2009, and
also have the highest level of energy consumption. Clearly, more efficient technology has
contributed to the dramatic decrease in per household energy consumption, but the broad shifts
in the energy services profiles are also driving this decrease. This dissertation shows these
energy services profiles to be meaningfully related to socioeconomic status and demographic
composition of households. The United States has experienced shifts in these same drivers over
time. These national level shifts, such as population aging and increases in income inequality,
have likely contributed to the changes in energy services profile prevalence. These findings
parallel findings employing the Energy Cultures model in New Zealand, which found four
distinct energy cultures/profiles that are very similar to the five discovered in the United States,
primarily different in the lack of a distinction between the Heavy Consumer and the Bungalow

Dweller type of profile (Lawson and Williams 2012).

Conceptual Significance

This dissertation produced a number of important results that contribute to literature on the

conceptual framework used to understand energy consumption at the household level. One of the
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most important conceptual contributions of the dissertation is the introduction of energy services
profiles. Findings show very distinct classes of households based around a broad set of physical
characteristics and behaviors that vary across socioeconomic status and demographic
composition. This finding validates a basic aim of the dissertation and importantly extends the
conceptual framing available to energy consumption studies. The findings suggest that the
behavioral wedge of carbon emission reduction behaviors, introduced in Chapter 1, may not be
as easily reduced as previously expected. In fact, when considering the wedge, the patterns
shown in the energy services profiles should be considered since they represent a more complete
view of how a household uses energy. Households are interested in gaining energy services to
support their lifestyle, which is suggested and supported in many ways by the findings.
Additionally, as will be made clear below, these profiles and their patterns lead to an important
sociological set of questions and research aims around lifestyles and life course as it relates to
energy consumption. By providing this pathway to better incorporate sociological inquiry into
energy consumption research, this dissertation has made an important contribution. Much of the

remaining conceptual contributions of the dissertation hang on this contribution.

The conceptual framework implicitly posits that much of the relationship between a
household’s sociodemographic composition and energy consumption is through energy services
profiles, dictated by the lifestyle in which a household was engaging. This assumption was
grounded in prior literature around cultural determinants of energy consumption driving lifestyle
choices and influenced by the income and household lifecycle stages (Dillman et al. 1983;
Hackett and Lutzenhiser 1991; O’Neill and Chen 2002; Schipper et al. 1989). The specific
patterning of the energy services profiles across demographic composition and socioeconomic

status and the very different configuration of housing units, appliances, and behaviors likely
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underlie very different lifestyles. The patterning across householder age and size seems to
indicate the possibility of a lifecycle effect or a household life course perspective. This
perspective could be used to tie in with longitudinal data to further investigate the lifestyles and
lifecycle aspects of energy use, especially the addition of transitions between energy services

profiles, to create a more accurate portrait of the overall energy consumption pathways.

The dissertation shows strong evidence incorporating two of the three main concerns of
Energy Cultures framework: energy practices and material culture. A particularly important
contribution is the empirical support garnered for the basic ordering of the concepts in the
conceptual framework, adding to support found in New Zealand (Lawson and Williams 2012).
Specifically, the conceptual framework in Chapter 2 takes the recent frameworks and provides
some ordering to the concepts: environmental factors, sociodemographic composition, and
energy service profiles. The framework assumes that energy services profiles are most proximate
to energy consumption, followed by environmental factors and sociodemographic composition.
While this dissertation did not directly test this in a comprehensive matter, results from Chapter 5
suggest that this would be a useful way to conceive of these concepts, because the results show
how the profiles were patterned across socioeconomic status and household composition.
Further, the results around socioeconomic status and demographic composition point toward a
life-cycle explanation and approach, which would further extend the way that the Energy
Cultures model can conceive of how an energy culture or profile might be created or change,
relative to other social trends. Additionally, the profiles do not entirely explain the effect of
income, leading to future recommendations in the section below. Future work could further test
this and make the extensions from this dissertation relevant to the Energy Cultures framework

more directly.
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Household energy consumption is truly the aggregate energy consumption from a variety of
sources that are determined by services provided to the household and the energy required by
energy-using material items themselves. Much of the conceptual framework literature and
household energy consumption literature overall treats energy consumed via electricity to a
television in the same way as that consumed by a furnace via natural gas (Stephenson et al. 2010;
Yust et al. 2002). These different fuel types have fundamentally different methods of being used
and energy services that they provide, not to mention the differences in energy services profiles
that can influence consumption differently by fuel type. The types of appliances and factors that
drive combustible fuel consumption are far more structural, often built directly into the housing
stock, while electricity use is far more governed by items that can be easily chosen by
households more directly. Additionally, understanding the differences by fuel type and
progressing through them in a conceptual way also provides an avenue to integrate literature on

conservation practices more directly (Sovacool 2011).

Taken together, these conceptual findings have much to say to the early conceptual
framework laid out in Chapter 2. First and foremost, the findings are supportive of the overall
structure and ordering; however, the findings are limited in terms of evaluating causal ordering
directly. Additionally, the findings provide important evidence for energy services profiles being
an important link to understanding household energy consumption, but are not perfect measures
of how households actually demand energy services, but rather how they fulfill them. Finally,
the framework is a great place for future development. A more careful approach to the lifecycle
aspects and specific pathways and mechanisms (norms, values, culture, and lifestyles to name a

few) could be useful.
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Policy Implications

While not a central focus of this dissertation, some of the results point toward policy
implications and recommendations. One of the clearest implications for policy that comes from
this dissertation is that diversity across socioeconomic status, demographic composition, energy
services profiles, and fuel type in energy consumption makes blanket policies unlikely to carry a
broad effect. This section will outline some specific implications from this diversity and explain
that a more tiered and localized approach may be most effective. Before delving into specific
implications, note that there is a significant and documented "rebound-effect"” for energy
efficiency that may dull some predicted impacts. A "rebound-effect” occurs when a household
begins to slowly start to increase energy consumption after the initial implementation of an
efficiency upgrade due to the now lower incremental cost of doing so (Aydin et al. 2014;

Gillingham et al. 2012).

One of the most straight-forward findings from the dissertation is that the energy
consumption from electricity is driven very differently than that from combustible fuel
consumption. Electricity use is increasing in its share of overall energy consumption, but is still
behind combustible fuel consumption. Combustible fuel consumption seems stubbornly tied to
physical characteristics, such as heating type, which are often very much tied to the housing
stock. While homeowners can choose to upgrade this and incentives to do so may be offered,
many consumers, particularly the Apartment Dwellers and the Subsistence Users, are unlikely to
benefit from these upgrades, given their high likelihood of renting and the lack of incentive on
the part of owners to improve the housing stock. This is complicated by these groups having
lower incomes and a higher exposure to large energy bills. Additionally, combustible fuel usage

is linked to groups with already fairly efficient characteristics and behaviors, such as Heavy
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Consumers, which may be counteracted by larger housing units. Additionally, policies targeted
toward household appliances and behaviors should factor in some “rebound” effect where a
targeted profile may initially reduce energy consumption but then slowly increase in
consumption level due to the higher efficieny and lower cost (Aydin, Kok, and Brounen 2014).
Careful attention to zoning and development from a housing unit size perspective could be

employed to increase the effectiveness of these positive behaviors.

Policies need to be careful to target a broad swath of socioeconomic status groups. In most
cases, a large initial outlay of cash for a later rebate or refund limits the effectiveness of a
program to households that can afford it. More specific help in purchasing equipment for rental
properties could also be an effective manner of making sure that the impact of these policies are
not specifically targeted to the wealthiest consumers. Targeting higher using households may
mean that these policies do need to be appealing to higher income households, and should not be
too limited in that regard, either. Another important factor might be motivation for uptake, which

lower income subsistence users might be willing to do.

While not as specific a warning or implication, the indication that the energy consumption
within a household is due to a cluster of energy related decisions and behaviors is clearly
something to consider when enacting policies related to energy consumption. Large appliances
such as heating and cooling units are certainly important to target specifically, but the fact that
energy consumption is a result of energy significant choices related to energy services makes
targeting specific behaviors less effective than more holistic approaches. Based on this finding,
focusing on a variety of lifestyles and how they can be energy efficient will appeal to the

broadest number of households.
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Future Research Directions

The findings from this dissertation suggest many directions for future research to take in an
effort to expand the knowledge generated. For example, the dissertation and other literature
suggest taking a lifestyle and lifecycle type approach to socioeconomic status and demographic
composition but the current dataset does not allow this explicitly (Bin and Dowlatabadi 2005;
O’Neill and Chen 2002). An important improvement to the understanding of energy
consumption would be to have longitudinal data both on household energy consumption and
household compositional changes. This data would allow for researchers to truly look at how
socioeconomic status and demographic characteristics change together, and if those changes
produce shifts in lifestyles that would be energy significant. Additionally, there may be specific
trajectories that households follow that lead them to particular energy services profiles. These
trajectories could be where the education effect is located and important. These class transitions
are likely as important to how energy is consumed in the United States, and the cross-sectional

views offered in this dissertation are, perhaps, more so.

Socioeconomic status is a central feature of this dissertation, but the measures for income
used in this dissertation were limited in detail for higher income households. This likely lead to
underestimation of the importance of high levels of income. Future research could gather more
detailed and continuous income measures that would allow for more interesting analyses at
higher incomes and more flexibility to understand the effect of income over time. The addition of
more detailed income could help to better understand the role of inequality as well, through the
ability to gain detail on higher income households and by allowing for more meaningful

comparisons over time.
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Another central limitation of this work is the lack of meaningful geographic detail in the data
that could provide some contextual information. Future research could add some detail at the
state or regional level by using only more recent RECS surveys with additional geographic
details or incorporate geographic detail when collecting new datal. ldeally, there would be state-
level data at the least and neighborhood data at best. These data can be used to capture more of
the impact of the environment through regulations, climate, and even cultural context of some
neighborhoods compared to others. This is an important detail to be considered when

understanding an energy culture.

This dissertation provides the first segmentation of households along energy significant
consumption devices and behaviors. While this is certainly a strength and important contribution,
further work remains surrounding this issue. Chief among the future directions that come from
this dissertation is the validation of the classes by taking different approaches and using different
data. These classes should be able to be replicated using a variety of techniques and datasets.
Additionally, during this process, taking an even wider set of behaviors and characteristics into
consideration would be an important extension of the work started in this dissertation and
contribute meaningfully to multiple literatures (Karlin et al. 2012; Pothitou et al. 2014). A noted
limitation of this dissertation is that some of the important energy services indicators were not
included due to data harmonization concerns; this may have influenced both the effects and

composition of the energy services profiles. Future research could help to eliminate this problem.

Further, the dissertation conceives of the energy services profiles as the result of energy
cultures, but does not have any measures of norms or values in the data. Norms and values are
an important part of the Energy Cultures model and environmental sociology broadly

(Stephenson et al. 2010; Pampel and Hunter 2012). Future research could expand data collection
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to include various energy consumption values and norms along with norms and values related to
their lifestyles. These indicators could help to understand which parts of the norm and values
households use to generate these energy services profiles, creating a more detailed picture of the

energy culture of a household and perhaps providing additional levers for policy.

Along the lines of the first set of recommendations, smart grid data could provide a more
granular day-to-day view of the specific behaviors and characteristics that produce energy
consumption. Taken alongside a larger set of longitudinal data, more specific hypotheses around
how a household engages in energy consumption behaviors and device-specific information
based on specific socioeconomic and demographic characteristics may emerge. These studies
could use smart grid monitoring technologies to design and test different interventions while

evaluating these interventions for consistency with the larger profiles of a household.

The current dissertation does not take up the price of energy, which can disproportionately
impact lower income households (Jamasb and Meier 2010). Energy prices are important to how a
household may choose to make energy-centric decisions about fulfilling energy services. The
findings in this dissertation highlight a lower income profile of households (Subsistence Users)
that are already in situations that might make adjusting to prices more difficult (i.e. more renters
or less efficient heating types). Future research could more carefully consider price as an
information point, either through the above mentioned smart grid technology or through

assessing utility bills.

Another important consideration for future work is how renewable energy and related
programs interact with socioeconomic status, demographic composition, and energy service

profiles. The role of renewable energy has received enormous press and academic attention
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(Farhar et al. 1980; IPCC 2007; Sengers, Raven, and Van Venrooij 2010). It would be an
important contribution to understand how the energy services profiles are working in the
renewable context, and what changes might occur. While access to these technologies is
certainly linked to the resources that a higher socioeconomic status might provide, understanding

any additional patterns would be useful from a policy and academic perspective.

Conclusion

As outlined in the conceptual framework in Chapter 2, socioeconomic status and
demographic composition are important drivers of energy consumption that combine to influence
household energy consumption. Additionally, most of the influence that socioeconomic status
and demographic composition have is largely due to the energy services profile of a household.
These factors are central to understanding energy consumption and have been broadly examined
by a varied set of literature (Bhattacharjee and Reichard 2011; Dillman et al. 1983; O’Neill and
Chen 2002; Wilhite et al. 2003; Wilson and Dowlatabadi 2007). Given the importance of these
factors and their broad interrogation in the literature, it is imperative to understand these factors
in a coherent framework that can unify and centralize many of these disparate findings

(Stephenson et al. 2010).

Households are incredibly important energy consumers with important environmental effects
that consume energy largely as a result of their socioeconomic status and demographic
composition. This composition leads to a diversity of choices and behaviors for fulfilling their
demand for the services that energy provides. While understanding residential energy
consumption does not entirely solve environmental problems such as pollution or climate
change, these understandings can aid in understanding the broader set of social and economic

factors that drive these problems. The relationship that income, education, and demographic
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factors have with the energy services profiles is complex, and this relationship is further
complicated by considering different fuel types (which have different environmental impacts
themselves). This dissertation has identified and investigated a number of important associations
and contributed to the deeper understanding of these associations, which comes from empirical
and conceptual literature. The dissertation demonstrated support for distinct energy cultures in
the United States, provided insight into how socioeconomic status and demographic composition

strongly influence energy consumption, and provided a fertile ground for future research.
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