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ABSTRACT
High energy consumption in the United States has been influenced by populations,
climates, income and other contextual factors. In the past decades, U.S. energy policies have
pursued energy efficiency as a national strategy for reducing U.S. environmental degradation and
dependence on foreign oils. The quest for improved energy efficiency has led to the development
of energy efficient technologies and programs. The implementation of energy programs in the
complex U.S. socio-technical environment is believed to promote the diffusion of energy
efficiency technologies. However, opponents doubt the fact that these programs have the
capacity to significantly reduce U.S. energy consumption. In order to contribute to the ongoing
discussion, this quantitative study investigated the relationships existing among electricity
consumption/ intensity, energy programs and contextual factors in the U.S. buildings sector.
Specifically, this study sought to identify the significant predictors of electricity
consumption and intensity, as well as estimate the overall impact of selected energy programs on
electricity consumption and intensity. Using state-level secondary data for 51 U.S. states from
2006 to 2009, seven random effects panel data regression models confirmed the existence of
significant relationships among some energy programs, contextual factors, and electricity
consumption/intensity. The most significant predictors of improved electricity efficiency
included the price of electricity, public benefits funds program, building energy codes program,
financial and informational incentives program and the Leadership in Energy and Environmental
Design (LEED) program. Consistently, the Southern region of the U.S. was associated with high
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electricity consumption and intensity; while the U.S. commercial sector was the greater
benefactor from energy programs. On the average, energy programs were responsible for
approximately 7% of the variation observed in electricity consumption and intensity, over and
above the variation associated with the contextual factors. This study also had implications in
program implementation theory, and revealed that resource availability, stringency and
adherence had significant impacts on program outcomes.
Using seven classification tables, this study categorized and matched the predictors of
electricity consumption and intensity with the specific energy sectors in which they demonstrated
statistical significance. Project developers, energy advocates, policy makers, program
administrators, building occupants and other stakeholders could use study findings in
conjunction with other empirical findings, to make informed decisions regarding the adoption,
continuation or discontinuation of energy programs, while taking contextual factors into
consideration. The adoption and efficient implementation of the most significant programs could
reduce U.S. electricity consumption, and in the long term, possibly reduce U.S. energy waste,
environmental degradation, energy imports, energy prices, and demands for expanding energy
generation and distribution infrastructure.
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CHAPTER 1

INTRODUCTION
Historically, energy consumption in the United States has been influenced by changes in
populations, housing, service demands, climates, energy prices, technological advancements and
other structural shifts. High energy consumption levels in the U.S. have been a primary concern
to federal and state governments, environmentalists and other stakeholders as it has implications
on U.S. dependence on foreign oils and environmental degradation. The U.S. promotes the use of
energy conserving technologies and other energy efficiency strategies through its energy policies
with the intent of reducing energy consumption. Despite the acknowledgement of energy savings
associated with the use of energy conserving technologies, there have been several market and
behavioral failures which have hindered the efficient diffusion of these technologies (Jaffe &
Stavins, 1994). Consequently, energy efficiency programs have been designed and implemented
across the U.S. with the objective of overcoming these failures, and thus enhancing the diffusion
of energy efficiency technologies (Jaffe & Stavins, 1994; Tonn & Peretz, 2007; Howarth,
Haddad & Paton, 2000).
The role of energy efficiency programs in the reduction of energy consumption in the
U.S. has been of great interest since the oil crisis in the early 1970s. The ultimate objective of
these programs is to reduce energy consumption by promoting the adoption and efficient
utilization of energy saving technologies. In the past decades, several policies and programs have
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been involved in the quest for energy conservation in the U.S., with many states implementing
programs to complement federal initiatives (Geller, Harrington, Rosenfeld, Tanishima, &
Unander, 2006; Levine, Koomey, McMahon, Sanstad & Hirst, 1995).
With foundational principles from the general systems theory, this study investigated the
impact of selected state energy programs and other contextual factors on electricity consumption
in the U.S. buildings sector.
Background of the Study
U.S. Energy Consumption
In 2005 alone, the United States consumed 21.7% (100.1 Quads) of the total primary
energy in the world (462.2 Quads), despite the fact that it had a relatively low population which
was 4.6% (297 million) of the total world population (U.S. Department of Energy, 2009a). The
U.S. Energy Information Administration (EIA) defined energy consumption as “the use of
energy as a source of heat or power or as a raw material input to a manufacturing process” (EIA,
2011a). According to the U.S. Department of Energy – Energy Efficiency & Renewable Energy
(DOE-EERE) (2007), the per capita U.S. energy consumption is expected to increase from its
2003 level of 336.5 million Btu to 362.2 million Btu in 2025. Also, the 2009 Buildings Energy
Data Book projected that the U.S. will consume 118 Quads of energy in 2030 (DOE, 2009a).
This raised concern at the global level, as it is approximately 16.4% of the total world energy
consumption (721 Quads) as predicted by the 2011 International Energy Outlook for the year
2030 (EIA, 2011a). In order to minimize energy consumption in the U.S., all the major energy
sectors have to strive for improved energy efficiency, including the buildings sector.
The high demand for energy by U.S. built environments has resulted from increased
populations, economic growth, building sizes, floor spaces, service demands and technology
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advancements (DOE-EERE, 2008; Prindle, Dietsch, Elliot, Kushler, Langer & Nadel, 2003; and
Kyle, Clarke, Rong & Smith, 2010). In 2006, the 113 million households and over 4.7 million
commercial buildings in the U.S. consumed about 38.8 quadrillion Btu (quads) of energy, about
39 percent of the U.S. total energy consumption, making the buildings sector the largest energy
consumer in the U.S. (DOE – EERE, 2010c).
These high energy consumption levels, coupled with concerns regarding increasing
energy prices, limited energy supplies, constrains in expanding electricity generation
infrastructure, and negative environmental impacts, stirred up an intense pursuit of energy
efficiency in the U.S. buildings sector. The production, transmission and consumption of energy
have negative impacts on the environment, as well as on the health and welfare of living
creatures. These environmental impacts have been of great concern to policy developers and
other stakeholders in the U.S.
Several energy policies have been implemented in the U.S. to reduce energy consumption
and thereby enhance energy security, environmental protection and economic development
(Dixon, McGowan, Onysko & Scheer, 2010). Some of these policies demand the innovation and
implementation of energy efficiency programs by U.S. states to advance the adoption and
diffusion of energy efficiency technologies and strategies, with the hope of reducing energy
consumption in the U.S. buildings sector.
Energy Consumption of the U.S. Buildings Sector
The buildings sector, comprising the residential and commercial sectors, contributes
significantly to U.S. energy consumption, and should be considered critically in any serious
attempt towards addressing energy efficiency issues in the U.S. According to Nadel, Shipley and
Elliot (2004), the residential and commercial sectors have the highest potential for energy
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savings. Energy consumption in buildings is affected by the physical characteristics of the
buildings, the age of the buildings, occupancy of the buildings, the climate, and the energy
related behavior of occupants of the buildings. DOE (2009a) stated that energy consumption in
the buildings sector was greatly fueled by increase in households, population and commercial
floor space.
According to Kyle et al. (2010), per capita floor space increased from 55 to 70 square
meters per person in the residential sector, and from 20 to 26 square meters per persons in the
commercial sector from 1975 to 2005. Combined with population growth, this amounted to an
80% expansion in total floor space resulting in increased energy consumption (Kyle et al., 2010).
In 2006, buildings consumed 9.05 Quads of electricity consumption and 81% ($272 billion) of
total U.S. electricity expenditures (DOE, 2009a). This situation is further compounded by the
prediction that by 2012, electricity sales in the commercial and residential sectors are expected to
grow by 2.3% and 1.8% respectively (EIA, 2011c). In 2006, buildings contributed 38% (2236
million metric tons) of the total U.S. carbon dioxide emissions, which is approximately 5890
million metric tons (DOE, 2009a). The buildings sector is predicted to contribute 43% (2925
million metric tons) of all U.S. carbon emissions and 6.9% of all world emissions by 2030 (DOE,
2009a).
Consequently, a major national agenda on energy conservation has emerged from
concerns with energy security and environmental degradation associated with consumption rates
in the U.S. residential and commercial sectors. Horowitz (2004) stated that the focus of many
publicly funded programs is the commercial buildings sector, which purchases a third of all the
electricity produced in the United States.
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Energy Consumption in the U.S. Commercial Buildings Sector
EIA (2011b) defined the commercial sector as “an energy consuming sector that consists
of service-providing facilities and equipment of businesses; Federal, State, and local
governments; and other private and public organizations, such as religious, social, or fraternal
groups” (p.1). In 2009, the commercial sector consumed 17,899 Trillion Btus of energy (EIA,
2011c), and the DOE (2009a) projected that from 2006 to 2030, the U.S. population is expected
to increase by 21%, with an accompanying commercial floor space increase of 30%. The U.S.
commercial floor space is expected to increase from 74.8 billion square feet in 2006 to 100.8
billion square feet in 2030 (DOE, 2009a). In 2006, primary energy usage by the commercial
sector was 239.7 thousand Btu/square foot of commercial space, and this is expected to reach
248.3 thousand Btu/square foot by 2030 (DOE, 2009a). In 2009, energy consumption was to 223
thousand Btus/ square foot with 80.3 billion square feet of commercial space (EIA, 2012a).
Office, education, healthcare and lodging buildings use the largest amount of energy in the
commercial sector (EIA, 2010a).
The common sources of energy used in commercial buildings include electricity, natural
gas, fuel oil, propane, coal, wood, solar and other minor sources, with electricity and natural gas
being the two most common sources of energy. Electricity became the dominant fuel in the
commercial sector in the 1990s and is the fastest growing fuel with a projected increase of 44%
by 2030 from its 2006 levels (DOE, 2009a; Kyle et al., 2010). The U.S. commercial sector
consumed 4.43 Quads of electricity in 2006, a significant increase from its 1.91 Quads of
electricity consumption in 1980 (DOE, 2009a). As indicated in Figure 1, in 2009, purchased
electricity in the commercial sectors was primarily used for lighting, cooling, heating, office
equipment and others (EIA, 2012a).
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Figure 1. Electricity Use in Commercial Buildings, 2009
While electricity was the dominant fuel in the commercial sector (52% of delivered
energy) in 2009, natural gas was the primary source of fuel in the residential sector and
accounted for 44% of residential delivered energy (EIA, 2012b).
Energy Consumption in the U.S. Residential Sector
The EIA defined the residential sector as an energy-consuming sector that consists of
living quarters for private households (EIA, 2011b). As indicated in Figure 2, in 2009, purchased
electricity in the residential sector was primarily used for cooling, water heating, refrigeration,
television, space heating, clothes drying and others (EIA, 2012c).
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Figure 2. Electricity Use in Residential Buildings
Growth in the U.S. residential sector is fueled by increase in population and households.
The U.S. residential sector accounted for 37% of total electricity consumption in 2006, and has
increased by 570%, or on average by 4.2% annually from 1960 to 2007 (Aroonruengsawat,
Auffhammer & Sanstad ,2009). U.S. households are projected to increase from 112.5 million
households in 2006 to 141 million households in 2030, resulting in a primary energy increase of
20.83 x 1015 Btu to 25.08 x 1015 Btu (DOE, 2009a). In 2005, single family households consumed
106.6 million Btus of residential delivered energy per household, while multi-family units
consumed 63.7 million Btus per household (DOE, 2009a). According to DOE (2009a), in the
year 2005, households in single family units had an end use intensity of 52.9 thousand Btus of
residential delivered energy per square foot of residential space. These high levels of energy
consumption and intensities are influenced by characteristics of the U.S. socio-technical
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environment such as energy price, income and climate. Any serious attempts to evaluate energy
conservation in the U.S. buildings sector should take into consideration the impact of contextual
factors on energy consumption within the complex U.S. socio-technical environment.
State Contextual Factors
State contextual factors refer to the characteristics of a state’s environment that influence
energy consumption. In their household energy consumption study, Yun and Steemers (2011)
confirmed through a path analysis study that climate was the single most significant parameter,
followed by behavioral, physical and socio-economic factors. The contextual determinants of
energy consumption in the buildings sector include populations, economic growth, building
sizes, floor spaces, service demands and technology advancements (DOE-EERE, 2008; Prindle
et al., 2003; Kyle et. al., 2010).
Climate
Several studies establish the importance of considering climates during building energy
analysis (Yang, Wan, Li & Lam, 2011; Chua & Chu, 2011). Climates influence the amount of
energy required to bring room temperatures to acceptable levels. The U.S. has different climatic
regions as shown in the climatic map in Figure 3. This climatic map was developed by DOE
researchers at the Pacific Northwest National Laboratory with input from Building America team
members (DOE-Building America, 2010). The 8 U.S. Building America climate regions in the
climatic zone map as used by the International Energy Conservation Code (IECC) and the
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) are
shown in Figure 3 (Building Energy Codes Resource Center, 2012).
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Figure 3. The U.S. Climatic Zones
The cold/very cold climates range from 5 to 8, with zone 8 being the coldest, and the
warmer climates range from 1 to 4 (DOE Building America, 2010). Generally, the colder
climates are expected to utilize more energy, and Figure 4 displayed the number of households
that used electricity for space heating in the different U.S. climatic region (EIA, 2009a).
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Figure 4. Electricity Used for Space Heating in the U.S. by Climatic Regions
Price
With all other factors remaining equal, when the price of energy goes up, less energy is
used (Inhaber, 1997). Several researchers reported a decrease in energy intensity with increases
in energy price, and many adopted price as a control variable in their energy related studies
(Metcalf, 2008; Shaw, 2009; & Berry, 2008). Generally, electricity is cheaper in the commercial
sector than in the residential, and in 2030, electricity is projected to cost 10.45 cents per kilowatthour (kWh) in the residential sector, and 08.98 cents per kWh in the commercial sector (DOE,
2009a). Natural gas seems to be the preferred fuel in the colder regions, as it is a cheaper
alternative to electricity.
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Population
Population plays a key role in energy consumption through its influence on the demand
for travel, housing, consumer goods and services (EIA, 2012d). Consequently, energy
consumption increases with an increase in population. According to EIA (2008), the 20.6 million
households in the Northeast region used 2.52 Quads of energy and the 40.7 million households in
the South used 3.25 Quads of energy.
Median Household Income
The term household refers to the number of people occupying a building, and their total
income in part determines their ability to purchase energy to meet their needs. The 2005
Residential Energy and Consumption Survey (RECS) revealed that approximately 40% of U.S.
households had incomes above $50,000.00 and consumed 47% of electricity, while the
remaining 60% of the population, with incomes below $50,000.00 consumed 52% of electricity
in 2005 (EIA, 2008). This suggested that energy consumption increases with increases household
incomes.
U. S. Census Regions
Regional variations such as housing characteristics, occupant type (owner or renter),
types of fuels, energy prices, industry structure and population sizes impact the energy
consumption patterns in particular U.S. regions. The EIA adopted the census regions shown in
Figure 5 for its Residential Energy Consumption Survey (RECS). This map divided the U.S. into
4 census regions: Northeast, Midwest, South and West (EIA, 2009b).
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Figure 5. U.S. Census Regions
According to the EIA (2008), in 2005 the Northeast region consumed 2.52 Quad Btus of
energy at 122 million Btus per household and 47.7 million Btus per household member; while
the South consumed 3.25 Quad Btus of energy at 79.8 million Btus per household and 31.6
million Btus per household member. The Northeast region had the highest energy intensity level
of 52.4 thousand Btus per square foot in 2005, compared to the South which had the lowest level
of 37 thousand Btus per square foot (EIA, 2008). Shaw (2009) reported that the Southern U.S.
states consumed 14.8 % more electricity per capita than their Northeastern counterparts. Shaw’s
findings are supported by EIA (2008) which indicated that the South used 606 billion kWh of
electricity in 2005, significantly more than the Northeast which used 169 billion kWh of
electricity.
Gross State Product
The Gross State Product (GSP) is an indication of the wealth of a region, and reflects the
level of business and industrial activity. Since energy is used in the economy to generate wealth,
there continues to be a relationship between energy and GSP. Energy consumption per GSP
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indicates the amount of energy that a state consumes in the production of its goods and services,
and this is one of the measures for energy intensity. According to EIA (2012d), from 1990 to
2010, energy use per GSP declined approximately 1.7 percent per year, due to the shifts from
manufactured goods to service sectors, which use less energy per GDP dollar generated. Shaw
(2009) noted that a 1 percent change in gross state product (GSP) results in a 0.48 percent
increase in electricity consumption.
Background of the Problem
Energy Efficiency Technologies and Innovations
The pursuit of energy efficiency within the built environment has fostered technological
innovations and led to the development of energy efficient products such as low-emissivity
windows, energy efficient mechanical systems and building envelopes (Dixon et al., 2010).
These technologies were developed to replace the less efficient technologies such as single pane
windows. Other innovative energy optimization strategies recommended by Kibert (2008)
included radiant cooling, ground coupling and renewable energy systems. Existing commercial
buildings become more energy efficient by undertaking insulation and ventilation improvements,
upgrading heating and cooling systems, and installing energy efficient lighting and completing
building tune ups (Banerjee & Solomon, 2003).
Despite the improvement in energy efficiency technologies, there has been a slow
progress in the adoption and diffusion of these technologies. Their diffusion within the buildings
sector has been hindered by resistance at institutional, organizational and individual levels. The
four general types of barriers to the market penetration of new energy efficient technologies are
awareness, cost, capabilities and transaction costs (Tonn & Peretz, 2007). Weber (1997)
categorized the obstacles to the efficient use of energy as institutional (politics), market (demand

14
and supply), organizational (firms) and behavioral (individuals) barriers. Barriers listed by
Koomey, Webber, Atkinson and Nichols (2001), Geller and Attali (2005), Dixon et al. (2010),
Tonn and Peretz (2007) and Jaffe and Stavins (1994) included limited supply and availability of
energy efficiency measures in the marketplace, fiscal regulations that discourage energy
efficiency investments, imperfect information and information costs. They also listed lack of
access to capital, split or misplaced incentives, lack of experience, outdated building codes,
bureaucratic problems in large companies, risk aversion associated with trying new technologies,
and the small individual savings in absolute terms.
In an effort to overcome these barriers and improve energy conservation in buildings, the
International Energy Agency (IEA) made some recommendations to governments and they are
summarized as follows: (1) develop and update building codes regularly; (2) support the
development of passive houses and zero energy buildings; (3) remove financial and information
barriers: (4) promote labeling and certification schemes for buildings and products (5) lead by
example; (6) develop policies to remove barriers; and (7) conduct research and development
(IEA, 2008b).
Overview of U.S. Energy Policies and Programs
Since the oil crisis of the 1970s, the U.S. has expanded its energy efficiency policies and
programs in an effort to reduce its dependence on foreign oil sources, as well as the associated
environmental issues. The U.S. passed several energy related legislation in the last century to
primarily deal with the production, distribution and consumption of energy. The most recent
Acts are the 2005 Energy Policy Act (2005 EPA), the 2007 Energy Independence and Security
Act (2007 EISA), the Energy and Tax Extenders Act of 2008 (2008 ETEA), and the American
Recovery and Reinvestment Act of 2009 (2009 ARRA). According to Molina, Neubauer,
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Sciortino, Nowak, Kaufman, and Chittum (2010) in the 2010 American Council for an Energy –
Efficient Economy (ACEEE) State Energy Efficiency Scorecard, the American Recovery and
Reinvestment Act (ARRA) allocated approximately $30 billion directly to energy efficiency
programs and about $12 billion went to the states through DOE-EERE for the development and
support of energy efficiency programs.
With reference to the International Energy Agency’s 2008 World Energy Outlook report,
Dixon, McGowan, Onysko and Scheer (2010) stated that the three major drivers of U.S. energy
conservation and efficiency policies included: (1) Energy security and the need to reduce energy
imports; (2) Environmental protection and the need to reduce pollution; and (3) Economic
development and the need to manage energy costs for consumers, increase energy productivity,
and expand job creation. U.S. energy policies have provided legislation, consumer incentives,
building code reforms, training and research support to the residential, commercial, industrial,
transportation and electric power sectors of the U.S. economy. All states have been mandated or
encouraged to adopt these policies and programs to enhance a comprehensive and effective
approach to resolving energy issues through energy efficiency improvements, renewable energy
development and modern electric infrastructure (Dixon et al., 2010).
State Energy Efficiency Programs
Different U.S. states have implemented different energy efficiency programs at varying
levels of intensity in an attempt to improve the energy efficiency within their buildings sector.
Horowitz (2007) described energy efficiency programs as all governmental efforts which
influence energy consumption, irrespective of organizational origin or mode. These programs are
designed, planned, and implemented by federal, state, local or other non-governmental
institutions. According to Tonn and Peretz (2007), well designed programs are expected to
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overcome numerous barriers in the market and accelerate penetration of technologies.
Gillingham, Newell and Palmer (2006) grouped the wide range of programs and policies
into the four categories: appliance standards, financial incentive programs, information and
voluntary programs, and management of government energy use. The categories of policies
found to be most effective by Tonn and Peretz (2007) were appliance and equipment standards;
building energy codes; combined heat and power; and facility management. In the 2010 ACEEE
energy efficiency scorecard, Molina et al. (2010) used the following categories: (1) Utility and
Public Benefits programs and policies; (2) Transportation; (3) Building Energy Codes; (4)
Combined heat and power; (5) State government initiatives; and (6) Appliance and Equipment
efficiency. Energy efficiency programs focus on educating consumers, assisting manufacturers,
training workers, improving building codes, conducting research, and providing other resources
which will reduce energy consumption in the long term (Tonn & Peretz, 2007). In effect, these
programs have the primary objective of advancing energy efficient building characteristics and
influencing human behavior.
States like New York and California have aggressively implemented energy efficiency
programs, resulting in significant levels of energy efficiency. According to Tonn and Peretz
(2007), state level programs have been found to be very cost-effective. In 2002, nine policies and
programs resulted in primary energy savings, approximately 11% (Geller, Harrington, Rosenfeld,
Tanishima & Unander, 2006). Tonn and Peretz (2007) estimated that an average state that
aggressively pursued even a limited array of energy efficiency programs could reduce its total
state energy use by 20%, which is underestimated, since it does not reflect very substantial nonenergy benefits. Other non-energy benefits such as reduced pollution and increased economic
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benefits have been associated with energy efficiency programs. The energy programs of interest
in this study are:
1. State Energy Program (SEP)
2. Building Energy Codes Program (BECP)
3. Financial and Information Incentives Program (FIIP)
4. Lead By Example Program (LBEP)
5. Public Benefits Funds (PBF)
6. Appliance Standards (AS)
7. Leadership in Energy and Environment Program (LEED)
8. ENERGY STAR Program (ENERGY STAR)
State Energy Program (SEP)
In the 1990s, the Department of Energy’s State Energy Program (SEP) was created by the
U.S. Congress to lead the pursuit of energy efficiency and renewable energy. The SEP program
provides States with the capacity to design and implement energy programs to meet their specific
needs, while addressing national energy priorities (SEP 21st Century Planning Committee, 2000).
According to DOE – EERE (2010a), the American Recovery and Reinvestment Act
(ARRA) of 2009 provided $3.1 billion for SEP formula grants. Figure 6 showed total SEP funds
allocated to each state from 2000 to 2010 (DOE-EERE, 2011). Obviously, states like Texas,
Illinois and Pennsylvania have received the highest levels of SEP funding.
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Figure 6. State SEP Allocations from 2000 - 2010
Funding for the SEP falls in 11 programmatic areas which include energy efficiency (EE)
information to public; building codes & appliance standards; financial support; existing
buildings; renewable energy (RE) policy, regulatory, legislative support; RE development and
deployment; RE information to the public; EE policy, regulatory, legislative support; technical
assistance; new construction; and transportation.
SEP allows states to use the formula grants to develop strategies to address their state’s
energy priorities, with a 20% match under SEP annual formula allocations. The National
Association of State Energy Officials (NASEO)’s SEP and Activity Winter Update (2008)
revealed that in 2008 Georgia received $1,058,000 (77%) in federal SEP funds with a total state
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match of $250,000 (23%). In 2002, the five most heavily funded SEP project areas were loans
and grants, workshops/training, technical assistance, alternative energy and energy audits,
accounting together for approximately two-thirds of SEP funding reported (Schweitzer & Tonn,
2005).
According to NASEO’s SEP summary and state highlights (2011), an Oak Ridge
National Laboratory (ORNL) cost analysis revealed that “each $1 of SEP federal funds is
associated with annual savings of 1.03 million source BTUs and a cost savings of $7.22. Also,
each $1 of SEP federal funds is typically leveraged by $10.71 of state and private funds, making
the federal money go much further than typical federal energy program” (p. 3).
Building Energy Codes Program (BECP)
The BECP program was funded in the early 1990s in response to the Energy Policy Act
of 1992 which mandated that the DOE to provide states with support in the development,
adoption, implementation and enforcement of progressive energy codes. In this Energy Policy
Act, DOE was also mandated to participate in the development of model national codes resulting
in the adoption of the American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) standards for commercial buildings and International Energy
Conservation Code (IECC) standards for residential buildings. As of May 25, 2010, only 12
states had adopted codes equivalent to ASHRAE Standard 90.1-2007, which required buildings
to be 5 to 8 percent more efficient than the 2004 edition, while 10 states had adopted codes
equivalent to 2009 IECC (DOE, 2010c). In 2009, Massachusetts was the first state to adopt a
performance code that was at least 20% more energy efficient than the mandated code (Molina et
al., 2010).
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The top ten reasons for building codes as listed by USDOE-EERE (n.d) are that building
codes:
(1) Not only save money, but also help to reduce needless consumption of energy to
heat, cool, light, ventilate and provide hot water for newly built residential and
commercial buildings constructed without adequate energy efficiency features;
(2) Help protect the natural environment from unnecessary emissions;
(3) Continue to progress in terms of stringency, scope, and enforcement emphasis – all of
which provide new jobs or opportunities to enhance the skills of the current
workforce;
(4) Safeguard owners and tenants from long term financial burdens that can result from
short-term design and construction decisions
(5) Provide a common basis upon which to educate the building design and construction
community in energy efficiency;
(6) Increase the use of energy efficient technologies proven through incentive programs,
freeing up resources to focus on new, more efficient additional technologies;
(7) Provide a cost effective step toward mitigating problems associated with growing
demand for energy and power resources;
(8) Help drive the development and deployment of building technologies and design
strategies;
(9) Support energy conservation and efficiency actions beyond minimum code levels; and
(10) Provide a common foundation for evaluating, regulating, and incentivizing building
design, construction, technologies and performance.

State BECPs are given the legal power to coerce or exert pressure on consumers to
implement energy efficient materials, products, systems and methods during the design and
building process. DOE (2010c) estimated that the BECP generated energy cost savings in excess
of $2.5 billion a year, and had resulted in accumulated energy savings in excess of 1.5 quads, as
well as consumer cost savings in excess of $14 billion. Prindle, Dietsch, Elliot, Kushler, Langer
and Nadel (2003) estimated that a typical state building codes program could reduce energy
consumption by 4.8 TBtu by the year 2020. Aroonruengsawat et al. (2009) concluded that
building codes had a significant impact on residential per capita electricity consumption ranging
from 0.3 – 5%, and there was significant aggregate estimated savings on the national level,
despite the fact that compliance with building codes could be low. The ACEEE rates states’
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building codes based on their level of compliance and stringency. In 2010, California and
Massachusetts scored the highest for stringency and compliance levels, while the 5 states with
the lowest scores were Missouri, Alabama, Mississippi, North Dakota and Wyoming (Molina et
al., 2010).
Financial and Information Incentives Program (FII)
Financial and information incentives programs are used to promote the adoption of
energy efficiency products and techniques by U.S. households and businesses. States offer
financial incentives such as loans, bonds, tax credits, reduced sales taxes and income tax
deductions, with the goal of reducing the effective cost of energy efficiency products to
consumers. According to Eldridge, Sciortino, Furrey, Nowak, Vaidyanathan, Neubauer,
Kaufman, Chittum and Black (2009), Oregon offered residential and business energy tax credits,
as well as 7 rebate programs in 2009. The average loan amount in the residential sector was
$9,100 and that of the commercial sector was $73,900, while the maximum amount available
was $327,600 (Hayes, Nadel, Granda & Hottel, 2011).
A significant evidence of states’ commitment to energy efficiency is their provision of
financial incentives for consumer, businesses, and industry with the hope that as sales increase,
products will be cheaper, eventually allowing the products to function in the market without the
incentives (Eldridge et al., 2009). Banerjee & Solomon (2003) supported an increase in financial
incentives as a means of expanding participation in energy efficiency labeling programs. Prindle
et al. (2003) estimated that typical tax incentive programs could reduce energy consumption by
10 TBtu by the year 2020. Hayes et al. (2011) identified the barriers to financial incentives to
include high rates of application decline, burdensome and inflexible program requirements, as
well as the tightness of the lending market. The effectiveness of financial incentives is yet to be
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confirmed with empirical evidence (Gillingham, Newell, & Palmer, 2009). The ACEEE
financial and information incentives scores rates states based on their provision of financial
incentives, customer reach and impact. In the 2010 ACEEE scorecard, Massachusetts, Oregon
and Alaska scored the highest, while North Dakota scored the lowest Wyoming (Molina et al.,
2010).
Lead By Example Program (LBE)
The Lead By Example Program is hosted by the U. S. Environmental Protection Agency
(EPA) through its State Climate and Energy Program. The six categories set by the EPA’s State
Climate and Energy Program (2009a) for state governments to demonstrate leadership in the
pursuit of clean energy and energy efficiency goals are improve energy efficiency in government
facilities; integrate energy efficiency and renewable energy measures in green buildings; procure
energy-efficient products; purchase green power; use clean energy supply technologies; and
implement other energy-saving opportunities.
The rising costs of energy in state budgets, currently about 10%, makes it necessary for
states to drive the market for energy efficiency strategies by implementing the strategies
themselves, and providing policy support to drive clean energy and energy efficiency measures
(NGA Center for Best Practices, 2008). According to the EPA (2009a), the National Action Plan
for Energy Efficiency “Vision 2025” identified the LBE as a critical component for cost effective
energy efficiency by 2025. Many states have adopted various strategies such as demonstrating
leadership, reducing energy consumption and costs, reducing air pollutants and GHC emissions,
offering improved energy supply reliability, offering greater energy price certainty, and
promoting sustainable alternatives (EPA, 2009a).
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Prindle et al., (2003) estimated that a typical state facilities program could reduce energy
consumption by 23 TBtu by the year 2020. It was projected by EPA (2009a) that if a state spends
10% of its operating budget in reducing its energy consumption by 20%, it could correspond to a
2% reduction in operating budget costs. State facilities account for about 5% of non-residential
buildings, and if a state strives to reduce its energy consumption by 20%, it could reduce nonresidential energy use by about 1%, on a national average basis…resulting in 1.15 trillion Btu in
annual energy savings and $16 million reduction in energy costs for an average state (Prindle et
al., 2003).
The ACEEE Lead by Example score is a rating of states based on their operation of
energy efficient public facilities. In 2010, the top five states in Lead By Example program as
rated by the ACEEE included California, Colorado, Delaware, Hawaii and New Hampshire
(Molina et. al., 2010). According to Molina et. al. (2010), as a result of Hawaii’s LBEP program,
there was a drop in state electric consumption from 5.8% in 2008 resulting in an estimated
savings of $10 million dollars. In that same year, the last five states in the Lead By Example
program were Mississippi, Nebraska, North Dakota, West Virginia and Wyoming (Molina et al.,
2010).
Public Benefits Funds Programs (PBF)
Public Benefits Funds programs encourage energy conservation and load management
programs and were initially known as the Demand-Side Management programs (DSM). These
programs were enhanced by federal legislation including the Public Utility Regulatory Policy
Act of 1978. In the 1990s, DSM programs were delivered by utilities but after the restructuring
of the program, PBFs are implemented by both utility and non-utility organizations. The
restructuring agenda reduced funding of these programs from almost $1.8 billion in 1993 to $900
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million in 1998 (Molina et al., 2010; Geller et. al., 2006). Funding for these programs was
reduced in the mid-1990s due to utility deregulation and reconstruction. According to
Wisniewski and Taylor (2011), in 2010, PBF budgets grew to 7.5 billion in U.S. and Canada.
California and New York had $1.5 billion and $0.6 billion in 2010, representing approximately
39% of the total U.S. electric funds which was $5.4 billion (Wisniewski & Taylor, 2011).
DOE – EERE (2010) reported that there were 30 states and the District of Columbia
which had implemented PBF programs or an equivalent system benefit funds program. PBFs are
usually initiated through state legislation and its structuring includes lawmakers, electric utilities,
energy advocates, project developers and other stakeholders. PBFs are used to fund energy
efficiency, renewable energy and low income energy initiatives, with funding generated through
a small surcharge (e.g., $0.002/kWh) on electricity consumption (Shaw, 2009).
These programs provide information, technical assistance and financial incentives to
energy end users to enhance the adoption and diffusion of cost-effective energy conservation
measures (Geller et al., 2006). According to DOE – EERE (2010) and Nogee, Clemmer, Paulos
and Haddad (1999), administration, funding, fee assessment and fund allocation are important
elements of any state PBF program. The ACEEE and Consortium for Energy Efficiency (CEE)
publish reports on state energy efficiency budgets and expenditures. According to Molina et al.
(2010), the 2009 electricity program budgets for California and Idaho were $998.3 million and
$31.5 million, respectively. Also, in 2009, New York expended 62.8 million dollars in its
electric efficiency program, while Kansas expended 4.7 million dollars (CEE, 2011).
Geller et al. (2006) noted that efficiency programs in leading states such as Connecticut
and Minnesota resulted in a reduction of electricity use in 2000 by 5 to 7%. Geller et al. (2006)
further stated that since 2000 energy savings had increased due to the increase in overall funding
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of PBF programs. While estimated savings may differ each year, cumulative energy savings
from all DSM projects through 1998, ranged from 49,167 to 56,866 gigawatt-hours (GWH), with
incremental savings estimated around 3,379 GWh (Gillingham, Newell & Palmer, 2004).
Gillingham, Newell and Palmer (2006) identified energy savings of up to 4 quads per year in the
U.S., primarily as a result of appliance standards and utility-based Demand Side Management
(DSM) programs. In her study, Shaw (2009) noted that that the presence of PBF programs
resulted in a decrease in per capita electricity consumption of about 13.4% (Shaw, 2009).
Appliance Standards (AS)
The energy crisis in the mid 1970s triggered the advent of minimum efficiency standards
for appliances in the U.S. Several states such as New York adopted appliance standards after
initial standards were legislated by California in 1974. After pressure from appliance
manufacturers, the federal government required the National Institute of Standards and
Technology (NIST) to develop test procedures for measuring the energy efficiency of appliances.
The 1987 National Appliance Energy Conservation Act developed appliance standards for
several appliances such as ovens, air conditioners, heat pumps and refrigerators. According to
Gillingham et al. (2004), appliance standards activity has shifted back and forth between states
and the federal government, with some states setting standards that are not regulated by the
federal government. Federal appliance standards cover both residential and commercial
appliances. According to Levine et al. (1994), every year about 100 million U.S. households
spend about $67 billion in purchasing 55 million major appliances and 12 million heating and air
conditioning systems.
Several studies have documented energy savings from energy efficient appliance
standards (Levine, Hirst, Koomey, McMahon & Sanstad, 1994; Geller, 1997). Levine et al.
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(1994) concluded that appliance standards led to savings of 0.1 quadrillion Btus of energy per
year, resulting in almost $1 billion savings per year. Each additional appliance/equipment
standard resulted in a decrease of per capita electricity consumption of about 1.0 percent (Shaw,
2009). The ACEEE state energy efficiency scorecard awards points to states based on the
potential energy savings per customer generated through 2030 from their current appliance
standards. Molina et al. (2010) projected energy savings of 122 Billion Btus per customer for
California through 2030, and 0.5 Billion Btus per customer through Maryland.
Leadership in Energy and Environmental Design Program (LEED)
The U.S. Green Building Council (USGBC) was founded in the early 1990s to play a key
role in the sustainability agenda for the nation. Its LEED program was developed in 2000 to
provide the building industry with a framework for developing, implementing and maintaining
practical and measurable green building design, construction, operation and maintenance
solutions (USGBC, 2011b). In its 2009—2013 strategic plan, USGBC (2008) stated that its
success was particularly due to the role played by its LEED program in driving green building.
LEED initiatives documented by USGBC (2011c) included legislation, executive orders,
resolutions, ordinances, policies and incentives, found in 45 states, including 442 localities, 35
state governments, and 14 federal agencies and institutions in the United States. The LEED
program provides guidelines for both residential and commercial buildings.
According to the USGBC (2011d), as of October 25, 2011, the LEED program had
attained 1.611 billion square feet of certified commercial space representing 24,299 LEED
certified projects. The demand for LEED projects has coerced construction organizations to
develop specific management practices for the implementation of their LEED projects (OforiBoadu, Owusu-Manu, Edwards, & Holt, 2012).
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Energy Efficiency (EE) is one of the seven major categories in the LEED-New
Construction (LEED-NC) standard. Through this category, LEED awards points for the
implementation of energy efficiency strategies and technologies. The EE points are awarded for
the use of energy efficient equipment with controls and feedback; use of ENERGY STAR
equipment; correct orientation of the building; efficient design of the building envelope;
measurement of energy performance; use of on-site and off-site renewable energy (wind,
geothermal and solar); and use of natural ventilation.
LEED’s ultimate goal is to promote green buildings, and according to GSA (2008),
compared to the average commercial building, green buildings consume 26% less energy, have
13% lower maintenance costs and 33% less greenhouse gas emissions. Turner and Frankel
(2008) in a USGBC report stated that “the median energy use intensity (EUI) for all LEED
buildings is 69kBtu/sf, 24% below the national building stock average from the 2003
Commercial Building Energy Consumption Survey (CBECS) for all building types” (p. 13).
Several researchers have documented the efficient performance of LEED buildings (Heerwagen,
2000; Abbaszadeh et. al., 2006; and Miller et al., 2008). It is commonly believed that certified
LEED buildings use less energy (embodied and in-use) resulting in reduced fossil fuel emissions
over the life of the project – from conception, through occupation, use and final demolition/
dismantling. However, Newsham, Mancini and Birt (2009) found after a limited case study of
100 LEED certified buildings, that although on the average LEED buildings used 18 -39% less
energy than their conventional counterparts, another 28 – 35% of LEED buildings used more
energy than their conventional counterparts.
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ENERGY STAR Program (ENERGY STAR)
The Environmental Protection Agency (EPA) introduced its first ENERGY STAR
labeled products in 1992, closely followed by the ENERGY STAR building program pilot with
23 building owners (ENERGY STAR, n.d.). The main goal of the EPA is to overcome market
barriers and advance the adoption of energy efficient products, practices and services across the
building sector. EPA (2010) reported partnerships with more than 1600 manufacturers, 1400
retail partners, 8,400 builders and 5800 businesses and organizations investing in energy
efficiency in their buildings and facilities. In order to earn an EPA certification, a building has to
earn 75 or higher on EPA’s 1 – 100 energy performance scale, indicating that it has a energy
efficiency performance that is at least 75% better than similar buildings in the nation (EPA,
2012). The EPA certifies both residential and commercial buildings.
ENERGY STAR commercial buildings are believed to have both financial and
environmental value and include offices, hospitals, schools and hotels among many others.
EPA’s ENERGY STAR homes program certifies energy efficient homes through its Home
Energy Rating System (HERS). It is the goal of EPA to make homes energy efficient and thereby
reduce occupant bills, making homes more affordable; while reducing negative environmental
impacts. The number of ENERGY STAR homes in the U.S. increased continuously and peaked
in 2006, after which it started to decline as indicated in Figure 7 (EPA, 2011).
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Figure 7. The number of ENERGY STAR homes certified each year (pre 2000 to 2009)
EPA (2010) estimated that in 2010, Americans purchased 200 million Energy Star
products, and about 75% acknowledged that the ENERGY STAR label was important in their
decision making. Howarth et al. (2000) stated that the ENERGY STAR Office Products Program
has generated significant energy savings. Banerjee and Solomon (2003) indicated that ENERGY
STAR computers, monitors, fax machines and printers drop down to a sleep mode when they are
not in use, resulting in a 50 – 75% reduction in energy as compared to normal power draw.
Currently, nearly 1.2 million new homes have been awarded the ENERGY STAR label,
and EPA claimed that homes built with its Homes Version 3 guidelines would be 15% more
energy efficient compared to 2009 IECC homes (EPA, 2010). EPA (2010) stated that in 2010
alone, ENERGY STAR prevented 170 million metric tons of greenhouse gases, equivalent to
annual emissions of 33 million vehicles, and consumers saved approximately $18 billion in
utility bills. According to EPA (n.d) the ENERGY STAR program has provided powerful
solutions that have revolutionarized energy efficiency in the market place, preventing emissions
equal to electricity used by over 60 million U.S. homes per year. Although modeling software
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showed that ENERGY STAR buildings could reduce energy consumption by 30%, a study
showed that energy efficiency ranged from 50% to 12%, which was still above the average
building (EPA, n.d).
Energy Efficiency Definitions and Terms
The U.S. Energy Information Administration (EIA) defined energy consumption as “the
use of energy as a source of heat or power or as a raw material input to a manufacturing process”
(EIA, 2011a). Berry (2008) defined energy efficiency as “meeting a desired level of services,
such as lighting, space heating, space cooling, torque, computing, refrigeration, etc., while using
less energy” (p. 3620). Patterson (1996) defined energy efficiency as the use of less energy to
produce the same amount of services or useful output, although he emphasized that energy
efficiency is a generic term with no one unequivocal quantitative measure. Brookes (2000)
defined energy efficiency “as (1) raising the engineering efficiency of conversion of fuels to
useful heat or work, (2) increasing the effectiveness of the associated energy service by, for
example, higher standards of insulation” (p. 356). Energy efficiency refers to using less energy
to provide the same or improved level of service to the energy consumer in an economically
efficient way (U.S. EPA State Clean Energy and Climate Program, 2009).
The term energy intensity is commonly used in energy related studies, as a proxy for
energy efficiency. It provides a relative measure of energy consumption. The EIA listed the
following definitions for energy intensity:
A ratio of energy consumption to another metric, typically national gross domestic
product in the case of a country’s energy intensity. Sector specific intensities may refer to
energy consumption per household, per unit of commercial floorspace, per dollar value
industrial shipment, or another metric indicative of a sector. Improvements in energy
intensity include energy efficiency and conservation as well as structural factors not
related to technology or behavior (EIA, 2011b).
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Other indicators used for energy intensity in the residential and commercial buildings
sectors include million Btus per building; million Btus per household; million Btus per person;
million Btus per square foot; thousand Btus per square foot; thousand Btu per employee; and
thousand Btu per dollar GDP (EIA, 1999). It must be noted however that reduced energy
intensity is equivalent to improved energy efficiency.
Historically, U.S. energy consumption has been primarily related to population increase
and economic growth. In this study energy efficiency was measured using two indicators of
energy intensities: energy consumption per capita and energy consumption per GSP. Both of
these measures of energy intensity captured the social and economic use of energy.
Energy consumption per capita was a great indicator as it captured a relative measure,
which is the amount of energy used by one person in a state. It provided a more realistic measure
for comparing energy efficiency among states, by eliminating the influence of state populations.
According to EIA (2012d), U.S. energy use per capita was almost constant from 1990 to 2007,
but began to decline after 2007. The other measure of energy intensity, which was energy
consumption per GSP, is also an accurate economic measure for energy efficiency as it captured
the amount of energy each state used to produce $1 of gross state product. The EIA (2012d)
noted that from 2010 to 2035, electricity demand was projected to grow 0.8% per year and
energy consumption per capita was expected to decline by an average of 0.5 percent per year.
Also, primary energy use per dollar of gross domestic product is expected to decline by 42%
from 2010 to 2035 (EIA, 2012d).
These definitions and terms contributed to the framework of this study, which
investigated the determinants of electricity consumption of the U.S. buildings sector, in an effort
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to provide empirical evidence to increase knowledge about energy efficiency in the buildings
sector.
Energy Efficiency in Context
Over the past three decades, several energy efficiency improvements have been
implemented by various industrialized nations, and it was estimated that without these
improvements, the Organization for Economic Co-Operation and Development (OECD) nations
would have used approximately 49% more energy than was actually consumed as of 1998
(Geller, Harrington, Rosenfeld, Tanishima & Unander, 2006). The improvement in energy
efficiency in OECD countries is in part a result from energy efficiency programs (Bosseboeuf &
Richard, 1997; Gillingham, Newell & Palmer, 2004).
Several studies provided empirical evidence substantiating energy savings associated
with the aggregate impact of energy efficiency programs on energy consumption of individual
sectors, or the U.S. as a whole (Horowitz, 2004; Berry, 2008; & Shaw, 2009). Most studies
focused on either one or two programs (Sutherland, 2003); while others focused on costeffectiveness of energy programs (Sutherland, 2003; Loughran & Kulick, 2000; &Auffhammer,
Blumstein & Fowlie, 2007).
Molina et al. (2010) reported that electricity savings across all states increased by 8%
between 2007 and 2008. Geller (2006) stated that utility, appliance efficiency standards, and
building codes programs have impacted California’s energy use. California’s electricity use
barely increased from 1974 – 2001, compared to approximately 50% increase in the rest of the
U.S. Dozens of studies indicated that the potential for energy savings in buildings and
equipment is about 20 – 40%, when compared to current choices for equipment and buildings
(Levine, Koomey, McMahon, Sanstad & Hirst, 1995).
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Tonn and Peretz (2007) emphasized that there are potential benefits from energy
efficiency programs. Metcalf (2008) detected variation in U.S. state energy intensities and he
estimated that three-quarters of energy intensity reduction is due to improvement in energy
efficiency. Nadel et al. (2004) concluded that 20 to 40% savings can be achieved from successful
state and utility energy efficiency programs. Berry (2008) estimated that energy efficiency
programs reduced electricity sales by 60%; and a one point increase in the efficiency program
score is associated with a 3.2 decrease in the growth of electricity sales. The findings from Shaw
(2009) indicated that public benefits funds and appliance/ equipment standards were significantly
associated with a decrease in the natural log of per capita electricity consumption.
Gillingham, Newell and Palmer (2006) found that U.S. energy efficiency policies resulted
in energy savings up to 4 quads per year and carbon emission reductions of up to 63 million
metric tons/year, mostly from appliance standards and utility-based Demand Side Management
(DSM) programs. Loughran and Kulick (2004) estimated DSM expenditures lower electricity
sales by between 0.6 to 1.2 %. The findings from Horowitz (2004) indicated that the combined
effects of public programs reduced commercial sector retail electricity sales by 77.1 million
MWh, which is approximately 2.3% of total U.S retail electricity sales. Horowitz (2007)
concluded that states with moderate to strong program commitment to energy efficiency
programs reduced energy intensity relative to what it would have been with a weak commitment.
Kowalczyk (1985) observed that it is possible to attain energy reductions of 19%, electric
demand reductions of 11%, and gas reductions of 15% in a cost-effective manner.
Despite the documented energy savings and improvement in the adoption and diffusion
of energy efficiency technologies and programs, there continues to be an increase in the overall
demand and consumption of energy, fueling a raging debate about the extent of the effectiveness

34
of the energy efficiency technologies and programs. Taylor, Jones, Kipp and Miller (2011) found
that there was no substantial or consistent monetary savings from reduced utility bills accruing to
the occupants of Florida’s Home Energy Rating System (HERS) buildings. A significant gap
exists between engineering calculations and real life performance of energy efficiency
technologies and buildings. There have been conflicting opinions expressed by scholars such as
Berry (2008), Brookes (2000), Horowitz (2004) and Newsham, Mancini & Birt (2009) regarding
the effectiveness of these programs, as well as the accuracy of the energy savings documented by
administrators and advocates of energy efficiency programs.
The Energy Efficiency Debate
Proponents of energy efficiency programs argued that energy efficiency programs save
individuals and businesses money and reduce adverse environmental impacts, while providing
social benefits such as increased productivity, employment, improved comfort and health,
enhanced energy security, and conservation of natural resources (Geller & Attali, 2005;
Gillingham, Newell & Palmer, 2004; & Jochem, 2000). On the other hand, a summary of
criticisms of energy efficiency programs documented by Geller and Attali (2005) included:
The rebound and economy-wide effect erodes energy savings
Energy savings happen anyway due to technological advances and rising prices
The use of taxpayer funds is unfair to those who do not participate in energy programs
Market failures used to justify programs are a myth
Energy savings are impossible to meter and difficult or costly to estimate accurately
Energy consumption continues to increase in OECD countries
The rebound effect raised by Brookes (2000) implied that energy efficiency strategies
reduce the effective cost of energy to the public, and as a result increased their consumption of
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energy. Consequently, there is a resulting backfire of the original intention of advancing energy
efficiency strategies, which is to decrease energy consumption. These skeptical theoretical
conclusions have limited merit as they lack substantial supporting empirical evidence. “The
counter view is that the increase in consumption follows from rising populations and associated
rising output; and that consumption would have been even greater today had it not been for the
very large improvement in the efficiency of energy conversion that have taken place over the
years since the dawn of the industrial revolution” (Brookes, 2000, p. 359). The rebound effect
on energy savings calculations could be an explanation for the counter-intuitive findings that the
presence of innovative, energy saving technologies in U.S. commercial buildings correlated with
higher energy intensities (Andrews & Krogmann, 2009).
In response to the rebound effect criticism, Geller and Attali (2005) explained that
empirical studies indicated the magnitude of the rebound effect was declining over time, and
there was not enough evidence to show that energy efficiency is a failure. According to Geller
and Attali (2005), direct energy savings remain even after accounting for the rebound effect,
which ranged from 0 to 50% depending on the sector, end use and location. Critics such as
Brookes (1992) insisted that an increase in energy efficiency contributed to rising productivity
and decreasing energy prices, and so eventually increased energy consumption. Geller and Attali
(2005) agreed that increasing energy efficiency can lower energy prices and thus demand for
energy consuming goods, but the extent of this effect is small and hence energy savings are
significant even after economy wide adjustments are made.
Sutherland (2003) concluded that the decline in energy consumption of new refrigerators
from 1800 kwh/year to about 800kWh / year in 1990 were not because of energy efficiency
standards or other policies, but due to increasing electricity prices in 1990. Geller and Attali
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(2005) responded to this argument by emphasizing that other studies had concluded that policies
and programs, and not ongoing technological trends and rising energy prices had stimulated most
energy efficiency gains.
Inhaber (1997) believed that energy efficiency is a result of rising energy prices and
government regulations, and questioned whether there was a fall in total energy conservation of a
town, state, province, or nation, as a result of individual energy savings. It is possible that
population growth effects, economic output, and standards of living can overtake the energy
savings (Geller & Attali, 2005). While energy efficiency proponents supported the use of energy
efficiency standards, incentives and other policies to improve the adoption of energy efficiency
technologies and strategies, they failed to account for changes in energy use associated with
lower energy prices, rising income, or higher GDP (Geller & Attali, 2005). Further, Inhaber
(1997) stated that price increase is an incentive for most people to use less energy and stressed
that only the rich are not affected by an increase in energy prices. According to Geller and Attali
(2005), in California, energy price increases was used along with programs to accelerate energy
efficiency.
Berry (2008) raised concerns regarding the variation between energy savings in real life
buildings, as compared to savings from engineering analysis reported by energy efficiency
advocates and program administrators, which are based on their assumptions. Sebold and Fox
(1985) found that realized savings were 50 to 80% of engineering savings for electricity and less
than 50% for gas. Sutherland (2003) concluded that energy savings calculated by the government
overestimated savings from standards. Schweitzer and Tonn (2005) noted the following
uncertainties associated with the 2002 SEP energy savings calculations: (1) imprecision of
energy-savings multipliers; (2) incomplete coverage of state activities; (3) the attribution of
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savings; and (4) exclusion of certain benefits. Shaw (2009) noted the uncertainty and difficulty
associated with the calculation of energy savings resulting from the effect of phenomena such as
spillovers, rebounds, free riders, and targeting.
These conflicting opinions regarding energy consumption and energy efficiency
substantiated the crucial need for additional empirical studies.
Rationale of Study
Despite these findings supporting energy efficiency, there continues to be a raging debate
regarding the impact of energy efficiency programs on energy consumption in the U.S.
Opponents such as Brookes (2000) raised doubts about the effectiveness of energy efficiency
programs, while proponents such as Berry (2008) and Shaw (2009) provided empirical evidence
to support the positive impact of selected energy programs on U.S. energy consumption. The
conflicting views presented in theoretical discussions and empirical findings documented in
peer-reviewed literature substantiated the dire need for further investigation into the long term
impact of energy efficiency programs on U.S. energy consumption. Attempts to conduct
empirical studies on energy efficiency programs are further compounded by the complex and
dynamic U.S. energy system.
The socio-technical environment in which U.S. energy efficiency programs are
implemented is complicated, making it difficult to isolate programs and accurately measure their
independent impact on energy consumption. Authors like Geels (2004) and Hiscock and Walsh
(2011) attempted to describe this large and technical energy system, drawing from institutional
theories, as well as theories in sociology and economics. This system is cluttered with various
types of fuels, sectoral divisions, human behavior, building characteristics, physical constraints,
technology, industry practices, and economic conditions. Geller and Attali (2005) stated that
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some analysts use econometric techniques to isolate energy savings attributed to programs, from
savings attributed to energy price, economic growth and weather impacts. This study sought to
capture the realistic and overall impact of energy programs, while isolating the different energy
programs, and taking into consideration the impact of other social, economic and physical
determinants of energy consumption of the buildings sector.
Although several researchers documented that substantial improvements have resulted
from building energy codes, financial incentives, voluntary labeling programs, management of
government buildings and other energy efficiency programs, the extent to which each program
contributed to energy efficiency remains a mystery. The question remains as to which energy
programs and contextual factors are the best predictors of energy efficiency in the U.S. buildings
sector. While a number of publications such as Tonn and Peretz (2007) and Loughran and Kulick
(2000) focused on the cost effectiveness of energy efficiency programs, this study focused on the
program implementation dimensions of state energy programs.
When designed and implemented properly energy conservation has proven to be an
effective policy instrument (Dixon, 2010). The successful implementation of energy efficiency
programs and policies contributed to the adoption of energy efficiency technologies leading to
increased energy efficiency (Levine, Koomey, Mcmahon & Sanstad, 1995). Geller and Attali
(2005) attributed limited program success to poor program design and implementation. Many
studies have related program implementation to program outcomes (Linton, 2002; Dusenbury,
Brannigan, Falco, & Hansen, 2003; & Durlak, 2010). Durlak and DuPre (2008) concurred that
higher levels of implementation lead to better outcomes; while Berkel, Mauricio, Schoenfelder
and Sandler (2011) and Dane and Schneider (1998) indicated that fidelity, quality of delivery,
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adaptation, dosage, exposure and participant responsiveness were predictors of program
outcomes.
Different entities have different levels of resources and approaches resulting in a
variation in the levels of program implementation across states, across programs and over
different periods of time. It is not illogical to assume based on the studies supporting energy
programs that the states with increased levels of program implementation would have increased
levels of adoption and diffusion of energy conservation technologies. Eventually, increased
levels of energy efficiency technologies should result in increased energy conservation. In this
study, it was hypothesized that ultimately program implementation should impact energy
consumption and efficiency. The variation in state program implementation levels was expected
to result in a variation in state energy consumption and efficiency levels, all else being equal.
Unfortunately, little is known about the extent to which state-level implementation
variation affects state energy efficiency program outcomes. This stems from three main
difficulties: (1) the challenge of measuring implementation levels across states using
standardized tools or methods; (2) the challenge of credibly isolating the impact of energy
efficiency programs from other contextual factors that also affect energy consumption; (3) the
challenge of gaining access to consistent and accurate records on the implementation of energy
efficiency programs.
Working with these challenges, this study statistically analyzed the variations in state
program implementation and other state contextual factors, leading to the identification of the
significant predictors of state electricity consumption and a prediction of the impact of state
energy programs on electricity consumption, over and above the impact of state contextual
factors. The extensive investment into state energy efficiency programs in an effort to promote
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sustainability in the buildings sector demands that critical studies be conducted to better
understand the determinants of state energy consumption and efficiency.
The buildings sector is the focal point of this study as it is responsible for a significant
section of U.S. energy consumption, and the target of the state energy programs outlined in this
study. Furthermore, due to the individual uniqueness of the residential and commercial sectors,
the impact of energy programs and other contextual factors on these sectors are considered
separately and then aggregated. The predominant use of electricity in the buildings sector
provided basis for focusing on electricity consumption and intensity in the U.S. residential and
commercial sectors.
Statement of the Problem
The bi-fold problem of this study was to (1) determine the best predictors of U.S.
buildings electricity consumption; and (2) estimate the impact of state energy programs on
buildings electricity consumption, over and above the impact of state contextual factors.
Statement of the Purpose
This study assessed the relationships among state buildings electricity consumption, state
energy programs and state contextual factors.
The state energy efficiency programs are:
1. State Energy Program (SEP)
2. Building Energy Codes Program (BECP)
3. Financial and Information Incentives Program (FIIP)
4. Lead By Example Program (LBEP)
5. Public Benefits Funds (PBFs)
6. Appliance Standards (AS)
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7. Leadership in Energy and Environment Program (LEED)
8. ENERGY STAR Program (ENERGY STAR)
The state contextual factors are:
1. Climate (CL):
2. Price of electricity (PE)
3. Median household income (MHI)
4. Population (POP)
5. Gross State Product (GSP)
6. U.S. Census regions (Northeast, Midwest, South and West)
The purpose of this study was to determine the:


independent impact of each contextual factor on electricity consumption and
intensity



independent impact of each state energy program on electricity consumption and
intensity



combined impact of all contextual factors on electricity consumption and intensity



combined impact of all energy efficiency programs and contextual factors on
electricity consumption and intensity



combined impact of all energy efficiency programs on electricity consumption
and intensity, over and above the impact of contextual factors

42

Hypotheses
In response to the problem and purpose of the study, the following null hypotheses were
proposed:
Hypothesis 1
H1:

There are no statistically significant relationships among state residential electricity

consumption, state energy programs and state contextual factors.
Hypothesis 2
H2:

There are no statistically significant relationships among state residential electricity

consumption per capita, state energy programs and state contextual factors.
Hypothesis 3
H3:

There are no statistically significant relationships among state commercial electricity

consumption, state energy programs and state contextual factors.
Hypothesis 4
H4:

There are no statistically significant relationships among state commercial electricity

consumption per GSP, state energy programs and state contextual factors.
Hypothesis 5
H5:

There are no statistically significant relationships among state buildings electricity

consumption, state energy programs and state contextual factors.
Hypothesis 6
H6:

There are no statistically significant relationships among state buildings electricity

consumption per capita, state energy programs and state contextual factors.
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Hypothesis 7
H7:

There are no statistically significant relationships among state buildings electricity

consumption per GSP, state energy programs and state contextual factors.
Methodology
This quantitative study adopted the random effect panel data regression analysis method
in assessing the secondary, longitudinal data obtained for 51 states over a 4 year period (2006 –
2009) from various data sources including the ACEEE, BEA, CEE, DOE, EIA, EPA, IECC,
USGBC and U.S. CENSUS. Longitudinal data is different from time series datasets because it
consists of large numbers of a short series of time points, while time series data sets consist of a
single long series of time points (Diggle, Heagerty, Lian & Zeger, 2002). Bickman (2000)
emphasized on the fact that quality and substantive data collection is associated with longitudinal
studies. Seven (7) multiple regression models were developed to analyze the independent
variables proposed in this study, at a 10% level of significance as adopted by other studies such
as Berry (2008). The 7 dependent variables for the 7 models employed in this study were
operationalized as follows:
Model 1

-

Residential electricity consumption (Btus)

Model 2

-

Residential electricity consumption per capita (Btus/person)

Model 3

-

Commercial electricity consumption (Btus)

Model 4

-

Commercial electricity consumption / GSP (Btus/ GSP dollar)

Model 5

-

Buildings sector electricity consumption (Btus)

Model 6

-

Buildings sector electricity consumption per capita
(Btus/person)
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Model 7

-

Buildings sector electricity consumption per GSP.
(Btus/GSP dollar)

Overall, these 7 dependent variables used in the 7 models captured the physical, social
and economic indicators of energy consumption and intensity. The dependent variables for
models 1, 3 and 5 measured absolute electricity consumption, while the dependent variables in
the rest of the models measured relative electricity consumption.
The independent variables under study included the dollar amount of federal funds
received by each state from the SEP program; the ACEEE score for the stringency of state
building energy codes; the ACEEE score for the compliance level of state building energy codes;
the ACEEE score for states Financial and Information Incentive program; the ACEEE score for
the state Lead By Example program; state spending for PBF electricity programs; the ACEEE
scores for appliance standards; the number of LEED buildings in each state; and the number of
ENERGY STAR buildings in each state.
In order to capture the impact of other social, economic and physical determinants of
state energy consumption and intensity, this study adopted the following contextual factors:
climate, electricity retail prices, median household income, population, GSP and the four U.S.
census regions (Northeast, Midwest, South and West). The Statistical Analysis Software (SAS)
was used for inferential statistical analysis and the Statistical Package for Social Sciences (SPSS)
software was used for descriptive statistical analysis.
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Significance of Study
This study is unique and significant within the body of buildings and energy related
literature, because it assessed the relationship between energy programs and electricity
consumption/intensity from a program implementation perspective, using the most recent and
available data on electricity consumption of the U.S. buildings sector. Also, it provided a
framework for determining which specific state energy programs, and in a broader context,
which program implementation dimensions are worthy of continuous investment, because they
have a significant and sustained impact in the real world settings.
Specifically, the study identified the significant predictors of electricity consumption and
intensity as well as estimated the overall impact of selected energy programs on electricity
consumption and intensity. Seven regression models were developed to assess the relationships
among energy programs, contextual factors and electricity consumption/intensity in the U.S.
residential and commercial sectors. These models may be used to guide future research efforts
dedicated to inquiry on similar issues. Seven classification tables were developed to categorize
and match the predictors of electricity consumption and intensity with the specific sectors in
which they demonstrated significance. These tables may be used by project developers, energy
advocates, policy makers, program administrators, building occupants and other stakeholders in
conjunction with other empirical findings, to make informed decisions regarding the adoption,
continuation or discontinuation of energy programs, while taking contextual factors into
consideration. The adoption and efficient implementation of the most significant programs could
reduce U.S. environmental degradation and dependence on foreign oils.
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This study also contributed to program implementation theory by providing empirical
evidence which substantiated the relationship between program implementation and program
outcomes. According to Durlak and DuPre (2008), although several researchers agreed that
implementation influences the outcomes of promotion and prevention programs, additional
studies are needed. One of the five rationales for conducting implementation research as listed by
Domitrovich and Greenberg (2000) related to the criticality of establishing internal validity of
programs by understanding the relationship between implementation quality and program
outcomes. Durlak and DuPre (2008) encouraged researchers to examine more dimensions of
implementation other than fidelity. This study examined the following five dimensions: resource
availability, adherence, dosage, reach and adaptation.
By expanding on existing literature and conducting statistical analysis, this study added
to the framework of innovation implementation knowledge and research by providing empirical
evidence to confirm the relationship between program implementation dimensions and program
outcomes. Specifically, it identified three program dimensions that had significant impacts on
program outcomes in the buildings sector. While most of the implementation research studies
found was in the education and health sectors, this study explored program implementation as
applied in the buildings sector. The findings have implications for the implementation of
program innovations or administration innovations within the buildings sector, and consequently
provided baseline data and information that can be used as a reference for future research
analysis, as the U.S. buildings sector continues to pursue energy efficiency.
Since the findings confirmed that some energy programs were associated with a decrease
in energy intensities, it is hoped that this knowledge will increase the commitment of building
occupants, program implementers, policy makers, other stakeholders and the whole society to the
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more significant energy programs. Since they are the ultimate consumers of energy efficiency
products and processes, increased commitment from them is likely to result in a further
improvement of energy efficiency in the buildings sector. The findings from this study will
provide top management executives, policy makers and other decision makers with the
knowledge and understanding in deciding which energy programs to adopt in order to increase
the attainment of increased energy efficiency in the U.S. buildings sector. Ultimately, the
increased adoption and implementation of significant energy programs could reduce U.S. energy
consumption and eventually possibly reduce U.S. environmental degradation and dependence on
foreign oil.
Limitations of Study
1.

Errors, inaccuracies and assumptions adopted during the collection of all original

data could impact the final results from this study.
2.

It is difficult to credibly isolate the individual impact of energy programs, because

some of the energy efficiency programs have overlapping activities.
3.

The data was collected by different agencies over different periods of time,

challenging the integrity of a perfect match along timelines for data collection.
4.

Although, occupant behavior influences buildings electricity consumption and

intensity, it is beyond the scope of this study
Delimitations of Study
1.

The results of this study are limited to electricity consumption in the U.S.

residential and commercial buildings sectors.
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Assumptions of Study
1.

Secondary data from all sources are accurate and without any significant levels of

biases or errors.
2.

There are simple, linear and causal links existing between program

implementation dimensions and outcomes. These links are not always direct for these programs,
and could lead to an overestimation of the program effects, as it ignores the effects from other
mediating variables. Bickman (2000) explained that interventions do not always have a direct
effect on targets, but must operate through a series of mediating variables.

Organization of Study
Chapter 1 (Introduction) provided the background and rationale of the study leading to
the problem statement, research questions/ hypothesis and the significance of the study. In
addition, the limitations, delimitation and assumptions of this study are discussed.
Chapter 2 (Review of Literature) provided the review of literature supporting the
hypothesis and research methodology for this study. This chapter focused on the theoretical
framework of the study, aspects of program implementation, past implementation studies, past
energy efficiency studies and the principles of multiple regression analysis.
Chapter 3 (Methodology) provided information regarding the source / collection of data,
operationalization of variables, research methodology, and the statistical analysis methods
adopted for this study.
Chapter 4 (Results and Discussion) discussed the results from this study. Statistical data
and findings were reported and interpreted, with special focus on findings that were statistically
significant.
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Chapter 5 (Conclusion) summarized the significant findings of this study and their
relevance to the problem statement. Recommendations based on findings from the study were
presented. Also, research studies for future consideration were recommended.
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CHAPTER 2

REVIEW OF LITERATURE
Theoretical Framework
The foundational theory underlying this study was based on theories associated with the
General Systems Theory, socio-technical systems, diffusion of innovations, and program
implementation. The General Systems Theory as proposed by Von Bertalanffy (1968) explained
that an open system is characterized by the interactions of its components and the nonlinearity of
those interactions. Systems theory consists of (1) objects, which are the parts or elements within
the system; (2) attributes, which are characteristics or qualities of the system; (3) internal
relationships among the objects; and (4) an environment, in which the system lives in (University
of Twente, 2010). According to the University of Twente (2010), systems characteristics
included wholeness and interdependence, correlations, chains of influence, hierarchy,
subsystems, self-regulation and control, interchange with the environment, inputs/outputs,
change and adaptability, and the need for balance.
A developmental and functionalist approach which looks up from a system to examine its
role in a larger complex system over a period of time as discussed by Walonick (1993) was
adopted for this study. The quest for energy conservation in the buildings sector occurs in a
complex system, which extends to include technological, environmental, social, economic,
political and physical systems. According to Geels (2004), in systems there are a variety of
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domains such as economics, politics, technology, applied scientific research, and social change,
all woven together to form a seamless web and a functioning whole system.
Socio-Technical Systems
Buildings and energy systems are large and complex technical systems that interact with
institutions, societies, economies and innovations, giving rise to socio-technical systems. Geels
(2004) discussed the limitations of sectoral systems of innovation approach which has a strong
focus on the development of knowledge, with little attention on the diffusion and use of
technology, its impacts and societal transformations. In place of the sectoral systems of
innovation approach, Geels (2004) recommended the socio-technical systems approach which
incorporated the following: (1) science regime, focused on research, professional boundaries and
rules for government subsidies; (2) technological regime focused on standards, product
specifications, etc.; (3) user and market regime focused on construction of markets through laws
and rules; (4) socio-cultural regime which focused on information production, media laws, etc. ;
and (5) policy regime, which focused on administrative regulations and procedures which
structure the legislative process.
Within a shared system, there could be variations in local practices, strategies,
preferences, strengths, and resources in subsystems leading to different sub-system effects. The
various actors, networks, institutions and subsystems within a system play an important role in
determining the effect of the system. Geels (2004) explained that the effects of these complex
systems could be intended or unintended; and could result in individual learning or social
learning, when it takes place at the level of an entire group within a system. In their study on
complementary innovations in large energy technology systems, Hiscock and Walsh (2011)
emphasized on the relevance of theories in sociology, institutions, economics, and innovation
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diffusion. Systems theory has been applied in several fields including biology, computing,
organizational, and diffusion of innovation (DOI) theory.
Diffusion of Innovation
DOI is defined by Rogers (1995) as the process by which an innovation is communicated
through specified channels over a period of time among the members of the social systems.
Rogers (1995) drew from rational theories of organizations adopted from economics, sociology
and communication theory (Lyytinen & Damsgaard, 2001). A contemporary model of
technological innovation proposed by Bordogna (1997) in Khalil (2000) elevated the innovation
process into a total system incorporating social, political and economic issues. According to
Khalil (2000), innovation involves “the creation of a product, service or process that is new to an
organization” (p. 33). Innovations begin as scientific discoveries leading to inventions, but must
create value to customers through the market place in order to be called successful innovations.
The components of an innovation cycle as described by (Khalil, 2000, p. 34) are shown in Figure
8.

Invention

Scientific Discovery

Innovation

Market
Figure 8. Components of an Innovation Cycle
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The timely adoption of an innovation and its subsequent diffusion within a system until it
becomes accepted is critical to achieving any benefits associated with the innovation. Adoption
decisions are influenced by availability of information regarding the technology (relative
advantage, compatibility, etc); communication process; adopter’s properties such as past
experience; and characteristics of the social system (Lyytinen & Damsgaard, 2001). Each
member of a social system has to take an innovation-decision following a 5-step process
presented by Orr (2003) in his review of Rogers (1995): (1) Knowledge, which is when an
individual gains awareness of the innovation and how it works; (2) Persuasion, which is when
the person forms an opinion towards the innovation; (3) Decision, which is when an individual
takes the steps to adopt or reject the innovation; (4) Implementation, when a person puts an
innovation to use; and (5) Confirmation, when the person evaluates the results of the innovation
decision made.
The factors that affect the diffusion rate are adopter characteristics, the adopter’s social
network, the communication process, the characteristics of the promoters, and the innovation
attributes, which include triability, relative advantage, compatibility, observability, and
complexity (Lyytinen & Damsgaard, 2001). Lyytinen and Damsgaard (2001) argued that the
push of innovations is not only limited to mass media and word of mouth, but include powerful
actors such as industry associations and the government which use symbolic or real measures to
push innovations. The market barriers and slow consumer responses to innovations that provide
social benefits encourage governments and other institutions to design and implement program
innovations or institute interventions to encourage positive consumer responses and speed up
innovation adoption and diffusion.
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Lyytinen and Damsguard (2001) emphasized that the critical role of market making and
institutional structures should be carefully considered while studying complex technologies.
Institutions develop these programs to solve problems associated with market barriers. Levine et
al. (1994) listed market conditions to include hidden costs, parameter specifications, time lags,
transaction costs and decision making problems. The factors that slow down the rate of diffusion
of energy efficiency technologies include information problems and unobserved costs, but
economic incentives and direct regulations could be used to hasten the diffusion of energy
conserving technologies (Jaffe & Stavins, 1994). In recent times, energy efficiency program
innovations have been developed with the main objective of intervening in market barriers, and
advancing the adoption and diffusion of energy efficiency technologies.
Beyond the design and development phase of program innovations, the proper
implementation of programs is critical for the successful achievement of its pre-determined
outcomes, which include cost-effective energy reductions. Across the U.S., state energy
efficiency programs vary in scope, size, duration, program input, complexity, innovativeness,
methods and actions (Weiss, 1972). The diversity in program characteristics results in variability
in program implementation and consequently program outcomes across locations, disciplines,
countries, societies and sectors. This study capitalized on the variability in program
implementation across states to determine the extent to which program implementation is
significant in attaining program outcomes, as implied in program implementation theory.
Program Implementation Theory
An overview of program theory links program implementation to program outcomes,
while cautioning that a program can still fail, even if it is well implemented (Bickman, 2000).
Rogers, Petrosino, Huebner and Hacsi (2000) presented three theoretical models linking
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programs to outcomes: “(1) a single intermediate outcome by which the program achieves its
ultimate outcome; (2) a series of intermediate outcomes, sometimes in multiple strands combine
to cause the ultimate outcomes; and (3) a series of boxes labeled inputs, processes, output, and
outcomes, with arrows connecting them” (p. 7). Rogers et al. (2000) further elaborated that
intermediate outcomes provide an interim measure of how successful a program is for programs
with long term outcomes.
The U.S. Federal and State governments design, develop and implement new and
complex programs with the hope of providing effective solutions to critical problems associated
with energy security and environmental degradation. Durlak and DuPre (2008) used the terms
program, innovation, and intervention interchangeably to refer to newly introduced promotion
and prevention approaches. Wolman (1981) stated that the components of a program formulation
process should include program conceptualization; theory evaluation and selection; specification
of objectives; program design; and program structure, while the components of the carrying out
process should include resource adequacy; management and control structure; bureaucratic rules
and regulations; political effectiveness and feedback and evaluation. A program or administrative
innovation may seem effective at the design and development stage, and even at the trial stage
where control conditions are high and optimal, but could have poor results in the real world
settings (Glasgow et al., 1999). The effective diffusion and implementation of program
innovation from concept to real world settings is complex and critical for the successful
attainment of outcomes.
Rogers (2003) defined diffusion or technology transfer as the spread of new ideas,
technologies, manufactured products, and evidence based promotion, prevention or treatment
programs. The spread or diffusion of a program or any other innovation follows after the
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adoption of the program by multiple communities. The adoption of a program by an entity is
closely followed by the implementation of the program. Durlak and Dupre (1998) defined
program implementation as how well a proposed program or intervention is put into practice and
is fundamental for establishing internal, external, construct, and statistical conclusion about the
validity of outcome evaluations. Durlak and DuPre (2008) defined implementation as “what a
program consists of when it is delivered in a particular setting” (p. 329), while Klein and Knight
(2005) defined “innovation implementation as the transition period in which individuals ideally
become increasingly skillful, consistent, and committed in their use of an innovation” (p. 243).
Yet another definition by Durlak and Ferrari (1998) is that implementation referred to how well a
proposed program or intervention “is put into practice, and has been alternatively referred to as
treatment adherence, fidelity or integrity, or sometimes as one form of process research or
process evaluation” (p.5). Durlak (2010) concluded that implementation influences outcomes; is
an essential component of program evaluation; ranges from 0 to 100%; is a construct with at
least eight domains; never has 100% achievement; varies over time and across providers; has
effects that are dependent on elements of intervention; requires adaptation in most real world
settings; and 23 ecological factors affect the implementation process.
Relationship between Program Implementation and Program Outcome
Most public programs usually have pre-determined goals and the implementation process
should be cautiously developed to increase the chances of attaining program outcomes.
According to Durlak and DuPre (2008), over time many innovations encounter problems with
their implementation processes and this diminishes the impact of the program. Domitrovich and
Greenberg (2000) noted that inadequate steps to monitor and verify program integrity reduces
the likelihood of program replications resembling the original program, and diminishes its
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impact. Klein and Knight (2005) described organizational characteristics that enhanced the
likelihood of successful implementation to include a strong positive climate for implementation,
management support for innovation implementation, financial resource availability and a
learning orientation. After finding that 76% (45 of 59) of the published studies that they
reviewed indicated that there was a significant positive relationship between the level of
implementation and approximately 50% of program outcomes, Durlak and DuPre (2008)
concluded that higher levels of implementation lead to better outcomes.
In his ambiguity-conflict matrix for policy implementation processes, Matland (1995)
proposed the following elements as being expected to most greatly influence implementation
outcomes: resources, power, contextual conditions, and coalition strength. Matland (1995)
emphasized that “coercive mechanisms are most effective when the desired outcomes are easily
monitored and the coercing principal controls a resource essential to the agent” (p. 164). Other
implementation success factors discussed by Linton (2002) included project management,
communication, technology champion/leadership, training, management buy-in, team approach
and user involvement.
Measures of Program Implementation
In their study, Berkel, Mauricio, Schoenfelder and Sandler (2011) focused on the four
dimensions of implementation which were behaviors of program facilitators (fidelity, quality of
delivery, adaptation) and behaviors of participants (responsiveness), and presented evidence to
establish the fact that they were predictors of program outcomes. Dane and Schneider (1998)
identified adherence, exposure, dosage, quality of delivery, program differentiation, participant
response, as having an effect on program outcome. Other aspects of implementation noted by
Durlak and DuPre (2008) included program reach and adaptation. The model conceptualized by
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Glasgow et al. (1999) for evaluating the impact of interventions was a function of 5 factors:
reach, efficacy, adoption, implementation and maintenance. The achievement of good
implementation not only increases the chances for program success, but also leads to greater
benefits to the program participants (Durlak & DuPre, 2008). Successful implementation is
necessary for achieving the economic and competitive advantages that are offered by the
innovation (Linton, 2002). Studies on implementation provide a framework for evaluating
program effectiveness. This present study investigated the impact of selected dimensions or
aspects of implementation of state energy programs and their impact on the electricity
consumption of the U.S. buildings sector.
Mediating Steps between Program Implementation and Program Outcome
Energy efficiency covers a diverse and broad range of technologies, processes, and even
behavior (Tonn and Peretz, 2007). The relationship between implementation and outcomes is
complex and has multiple mediating variables and intermediate outcomes linking
implementation to outcomes within a complex energy system.
The following steps are considered in the underlying assumption showing how several
mediating outcomes are involved in the complex process of achieving energy efficiency within
the U.S. buildings sector:
1. Energy related problems are identified (EVIDENCE OF ENERGY RELATED
PROBLEMS).
2. Based on evidence or mandate from government policy, states adopt program innovations
and design them to address local problems and meet local requirements (PROGRAM
INNOVATION, ADOPTION AND DIFFUSION).
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3. After the program adoption phase, states implement energy efficiency (EE) programs
based on their needs, resources and environment (PROGRAM IMPLEMENTATION).
4. Energy program implementation increases consumer knowledge and awareness of energy
programs and energy efficiency technologies. Consumers include individuals,
organizations, contractors, subcontractors, architects, designers, suppliers, manufacturers,
building inspectors, policy makers, and other stakeholders of the buildings sector. Other
communication and marketing channels such as word of mouth, manufacturer and
supplier advertisements influence this process. (CONSUMER AWARENESS)
5. The increased consumer access to energy programs and other resources influence the
desire of consumers and communities to adopt energy efficiency technologies.
Ultimately, consumers make a decision to adopt energy efficiency technologies.
According to Molina et al. (2010), state financial incentives through the state financial
and informational program can be a deciding factor for a consumer to invest in energy
efficiency products. Other factors such as adopter characteristics, promoter
characteristics, EE technologies characteristics and the social, economic, and physical
environment influence the decision making process (CONSUMER DECISION
MAKING).
6. The decision of consumers and communities to participate in energy efficiency programs
increases the adoption and diffusion of EE technologies (ADOPTION AND DIFFUSION
OF ENERGY EFFICIENCY TECHNOLOGIES).
7. Technology implementation refers to the processes that take place after the adoption of
an innovation. Based on empirical evidence, it is logical to assume that energy savings on
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the individual level after the implementation of EE technologies at the aggregated lower
energy consumption levels should be reflected at the macro level. The implementation of
EE technologies results in increased energy savings and thus improved energy efficiency
at individual, regional, state and national level. (TECHNOLOGY IMPLEMENTATION).
8. The evaluation of the impact of EE technologies through EE programs provides feedback
to scientists, innovators, program implementers, policy makers, manufacturers, suppliers,
consumers and other stakeholders. (EVALUATION OF IMPACT OR OUTCOME)
These steps are demonstrated in Figure 9, which is the Ofori-Boadu conceptual model for
program implementation in a complex socio-technical system.
Ofori-Boadu Conceptual Model for a Socio-Technical System
Based on the review of literature, relevant databases and public reports, and the
relationships and mediating outcomes within the complex and large energy system, the OforiBoadu conceptual model as shown in Figure 9, was developed to illustrate the various
relationships existing in a socio-technical system. An assumption of the model is that all energy
efficiency technologies and innovations utilize less energy compared to existing technologies;
and there are direct and linear relationships among objects and sub-systems within the U.S.
socio-technical system.

62
The conceptual model illustrated the interactions between energy efficiency technologies,
energy programs, contextual factors and energy consumption. The evidence of energy related
problems combines with scientific innovations to foster the development of energy efficiency
technologies. Energy programs are designed to promote the diffusion of these technologies. The
knowledge of these technologies is communicated to consumers through product advertising,
energy programs and other communication channels such as word of mouth. Consumers take
adoption decisions based in part on the contextual factors that characterize their environment. A
series of successful consumer adoptions lead to the diffusion of energy efficiency technologies.
The proper use of the energy efficiency technologies leads to energy savings. Evaluations of the
impact of these technologies provide feedback to all the stakeholders, and the cycle is repeated
until the technology is replaced with an improved and more efficient product. The extent to
which energy program implementation contributes to this system is of interest in this study.
The complex link between program implementation and outcomes, coupled with the fact
that different entities have varying levels of implementation of various programs within different
contextual environments presented the expectation that states will have varying levels of
program outcome. Bickman (2000) cautioned that it takes some time for a program to have an
effect. Bickman (2000) further noted that a legitimate concern is that sometimes the program has
not had enough time to mature or the process has taken longer than was projected. All these
dynamics require that the implementation dimensions be studied to increase our understanding of
factors affecting program outcomes.
Implementation Dimensions
Implementation dimensions refer to the characteristics, aspects, features or attributes of
the implementation process. The dimensions or aspects of program implementation adopted for
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further investigation in this study included resource availability, dosage, adherence, program
reach and adaptation. It must be cautioned that the terms and constructs associated with program
implementation vary across different disciplines and different studies, due to different conceptual
perspectives.
Resource Availability
Resources play a key role in the attainment of program outcomes. Program success is
largely determined by the level of resource availability for program implementation (Matland,
1995). Different actors of social systems do not have equal power, strength or resources (money,
knowledge, tools) (Geels, 2004). One of the main functions of the U.S. federal government is to
assign funds to competing states through a variety of mechanisms such as program
appropriations, block grants, grants and earmarked funds. Funding formulas are developed to
adjust funding amounts based on program goals, need, and capacity of states to finance new
programs (Blewett & Davern, 2007).
In their study, O’Donnell, Stueve, Doval, Duran, Haber, Atnafou, Johnson, Grant,
Murray, Juhn, Tang and Piessens (1999) attributed the difficulty in assessing effectiveness of the
Youth Service Learning Program in terms of specific outcomes to limited resources. Berry
(2008) commented that the higher program expenditures per capita, the greater the range of
programs offered and the greater the reduction in the growth of power sales. Wolman (1981)
discussed three situations in which inadequate program funding could lead to program failure:
(1) funding is inadequate to meet all of an objective for which a program is designed, but can
reach part of an objective; (2) inadequate funding might have no perceived impact, because a
critical mass is needed to activate a causal process; and (c) inadequate funding could result in
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fully met objectives, but only for fewer participants than what was anticipated in the original
plan.
According to Durlak and DuPre (2008), the community level factors identified for
program outcomes include policy, politics and funding, which “is a necessary but insufficient
condition for effective implementation” (p. 336). In considering the aspects of program
implementation that are most likely to have a bearing on program effectiveness, Siegel (2002)
concluded that statewide control programs should be funded by cigarette excise tax revenues,
and full funding should be preserved to ensure aggressive and comprehensive program
implementation. Financial-resource availability was a significant predictor of quality
implementation, as it provided money for training, support, communication and thus indirectly a
predictor of implementation effectiveness (Klein & Knight, 2005).
Adequate funding provides states with the capacity to implement policies and programs
which will influence consumers to adopt energy efficiency technologies, leading to increased
diffusion and improved energy efficiency in the long term. With the extensive financial
investments made in energy programs, it is important to determine the relationship between
funding amounts and energy efficiency.
In this study, the annual federal SEP dollar amounts allocated to states, as well as state
spending on rater-funded energy efficiency programs (PBFs) were adopted as measures of state
resource availability for promoting the adoption and implementation of energy efficiency
technologies. It was hypothesized in this study that increased funding from the federal SEP
program and PBF programs resulted in reduced electricity consumption.
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Dosage
Dosage is defined as how much of the original program has been delivered and is
categorized by measures of quantity and intervention strength (Durlak & DuPre, 2008). Several
quantitative studies confirmed that high levels of implementation are usually associated with
better outcomes, especially when dosage is assessed (Durlak & DuPre, 2008). The level of
financial and information incentives provided by each state’s financial and informational
incentives program, as well as the adoption of appliance standards were adopted as measures of
dosage.
Jaffe and Stave (1994) believed that economic incentives can hasten the diffusion of
energy conserving technologies. Evidence suggested that financial incentives have a positive
relationship with program outcomes, and the effects appear to be larger in more generous
programs (Blank, Card & Robbins, 1999).
According to Molina et al. (2010), one of the primary ways that a state commits to the
quest for energy efficiency is to provide financial incentive programs for consumers, as it can be
a deciding factor for consumers to invest in energy efficient technologies or services. Financial
incentives reduce the effective cost of energy efficiency technologies to the end-user, and
thereby increase the demand for them (Lee & Yik, 2004). An increase in demand increases the
diffusion of energy efficiency technologies, and consequently sustained diffusion and correct
implementation of these technologies lead to improved energy efficiency. However, this may not
always be true, as Linton (2002) hypothesized that programs relying “on incentives are prone to
fail when there is a lack of adequate understanding of the motivations of the human behavior for
which the incentives are designed to affect” (p. 445). Appliance standards increase energy
conservation (Geller, 1997; Levine et al., 1994). Consumers purchase products that have energy
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efficiency properties and when properly implemented, these technologies result in aggregated
energy savings.
The state ACEEE financial and informational incentive score provides an indication of
the current strength, customer reach and impact of each state’s financial and information
incentives program (Molina et al., 2010). It is expected that the greater the strength, impact and
reach of a state’s program, the greater its ACEEE state score for financial and informational
incentives program. It is hypothesized that states with higher ACEEE scores for financial and
informational incentives program will have improved energy efficiency. The ACEEE state
appliance standards score provides an indication of the number of appliance efficiency standards
that have been enacted by states since 2002. It is expected that states with higher ACEEE
appliance standards scores will have improved energy efficiency.
Adherence
Adherence as defined by Dane and Schneider (1998) is “the extent to which specified
program components were delivered as prescribed in program manuals” (p. 45). Dusenbury,
Brannigan, Falco and Hansen (2003) defined adherence as “the extent to which implementation
of particular activities and methods is consistent with the way the program is written”(p. 241).
Other words associated with adherence are integrity, compliance, integrity, faithful replication
and fidelity as listed in Durlak and DuPre (2008). Dusenbury et al. (2003) referred to fidelity as
the degree with which program providers implement programs as intended by the program
developers, and recommended that the field needs to adopt universally agreed definitions,
measures and methods.
Several researchers concluded that higher fidelity or adherence was related to higher or
stronger program outcomes (Dane & Schneider, 1998; Domitrovich & Greenberg, 2000). During
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the implementation of programs, formal definitions and descriptions of the critical methods and
elements of a program are necessary to assess the level of adherence at the implementation
phase. Programs that took steps to promote integrity were listed by Domitrovich and Greenberg
(2000) and included manuals, program descriptions, staff training, ongoing supervision, and
support. The utilization of manuals, formal training, consultation and support contributed to
increased program integrity (Domitrovich & Greenberg, 2000). An adequate management and
control structure, a program structure, and adequate feedback and evaluation are needed to
ensure that the program design is faithfully carried out (Wolman, 1981). Unless a program is
faithfully implemented, it is impossible to assess whether failure is due to flawed design or
inadequate implementation (Siegel, 2002). Dusenbury et al (2003) recommended the use of
observation rather than self-reporting for assessing adherence. In Domitrovich and Greenberg
(2000), majority of the studies which included a rating for fidelity and adherence were rated
made by independent observers or the program implementers.
ACEEE scorecards utilized professionals in the industry to rate the level of effort that
states put into enforcing compliance or adherence to the Building Energy Codes Program.
Energy codes have the legal power to enforce the utilization of energy efficient materials,
products, systems and methods. High levels of compliance to building energy codes ensure that
consumers utilize energy efficient technologies in their buildings. Jaffe and Stave (1994)
concluded that direct regulations can hasten the diffusion of energy efficiency technologies. This
could result in increased adoption and diffusion of energy efficiency technologies within a state
and eventually improve energy conservation within the state. It was hypothesized that states with
higher state ACEEE scores for building energy code compliance should have improved levels of
electricity efficiency.
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Program Reach
Program Reach was defined by Durlak and DuPre (2008) and Glasgow et al. (1999) as
the percentage of the eligible or target population who took part in the intervention or the rate of
involvement and representativeness of program participants. Gyurcsik and Brittain (2006)
defined reach as “the absolute number, proportion, and /or representativeness of individuals who
participate in a program” (p. 517). The main intent of the selected energy efficiency programs is
to influence consumers to adopt energy efficiency products and processes by providing
resources, regulation and information to consumers of the buildings sector. “The
representativeness of participants is an important issue for outcome research” (Glasgow, Vogt, &
Boles, 1999, p. 1322).
It was expected that increased program reach would result in improved energy efficiency.
The number of LEED and ENERGY STAR buildings certified in each state was adopted as a
measure of program reach. It was hypothesized that the states with a greater number of LEED
and ENERGY STAR buildings would have improved electricity efficiency.
Adaptation
Adaptation as defined by Durlak and DuPre (2008) referred to the changes, re-invention
or modification made in the program during implementation. There is usually a gap between
planned programs and real life occurrences. As programs are implemented, they encounter
problems or situations that may make it necessary for the program to go through an adaptation
process. Adaptation modifies specific characteristics or processes within a program, in an
attempt to maintain or exceed its pre-determined outcomes. There have been several debates on
how the modification or adaptation of a program is in conflict with adherence or fidelity, and
could possibly reduce program effectiveness. Domitrovich and Greenberg (2000) mentioned that
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while some researchers were concerned that efficacy is compromised if programs are adapted to
gain specific features, other researchers argued that implementation quality may be compromised
if programs cannot be modified to meet current needs.
The three studies that assessed adaptation in Durlak and DuPre (2008) found that
adaptation had a positive effect on program outcomes. Domitrovich and Greenberg (2000) noted
that structured interviews and observations were used to examine the degree to which
components are adapted by program implementers. Several states have had to modify their
Building Energy Code Program by adopting more stringent building codes, with expected higher
energy efficiency goals. The ACEEE scores the stringency of each state’s building code and
gives higher scores to the states which have adopted the most recent building energy codes.
These ACEEE scores for building code stringency are used as measures of adaptation in this
study, as it increases with states’ modifying their building codes program to adopt more stringent
building codes with higher energy efficiency expectations.
In addition, the extent to which the state has pursued improved energy efficiency goals
can be determined by its commitment to the State Lead By Example (building and benchmarking
requirement) program. Dixon et al. (2010) found that government buildings have been targeted
for energy efficiency improvements to include retrofit activities and net zero energy buildings.
The ACEEE score for State Lead By Example provides an indication of states’ commitment to
developing and maintaining energy efficiency state buildings. States with improved state
building and benchmarking policies should be more energy efficient, compared with states
without these policies. It was expected that the greater the state ACEEE score for State Lead By
Example, and the greater the energy efficiency outcomes in that state.
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Implementation Research
Theoretical and empirical studies on issues associated with program innovation,
implementation and evaluation have been documented by several authors from different
disciplines, primarily health and education (Linton, 1999; Durlak. & Ferrari, 1998; Durlak &
DuPre, 2008; & Dusenbury et al., 2003). Different disciplines have utilized different unit of
analysis, methods, models, definitions, and analysis leading to problems in generalizing theories
in social science. Linton (2002) explained that inconsistent results were due to disagreement on
methodological issues, uniqueness of innovations, and utilizations of incorrect levels of analysis.
Implementation research has been dominated by case studies and small sample sizes, with a
shortage of longitudinal and large sample studies, and both quantitative and qualitative studies
are recommended (Linton, 1999).
Program implementation is a multi dimensional construct, which affects program
outcome (Berkel et al., 2011). A key question with program implementation research is whether
there is a difference between those who participate in a program and those who do not (Seltzer,
1994). Regarding public programs, there is a significant variation in the outcomes or
effectiveness of different administrative entities presenting a question of what accounts for the
difference in outcomes (Lynn, Heinrich, & Hill, 2000). The varying dimensions in the
implementation of programs present variability in program implementation and consequently a
potential for variability in program outcomes. Durlak and DuPre (2008) noted that there was
marked variability across providers within the same study and the range of implementation data
could be as high as 87%. In their book, Durlak and Ferrari (1998) elaborated on the fact that
research indicated that program implementation is variable across change agents and settings,
and is sometimes compromised.
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Implementation studies have focused on the impact of single implementation dimensions
(Durlak & DuPre, 2008), and have neglected to research certain dimensions of implementation
such as quality (Dusenbury et al. 2005). Implementation studies which review multiple
implementation dimensions of the same innovation, as well as utilize multiple methods of data
collection to evaluate convergent validity are recommended by Durlak and Dupre (2008). The
possible interdependency of dimensions jointly impacting outcomes was discussed by Berkel et
al. (2011). The study of multiple dimensions of implementation over a period of time is
beneficial (Ringwalt, Pankratz, Jackson-Newsom, Gottfredson, & Giles; 2010). Berkel et al
(2011) recommended studies that examine relationship between implementation and outcomespecific program components and the outcomes of interest. Durlak and Dupre (2008) raised
serious concerns about the lack of consensus in the terminology and operational definitions of
relevant constructs.
Energy Efficiency Research
There exists extensive literature on the engineering, social and psychological aspects of
energy utilization (Howart et al., 2000). Jaffe and Stavins (1994) and Levine et al. (1995)
examined market failures and the factors affecting the diffusion of energy conserving
technologies in the energy market. Dixon et al. (2010) and Geller et al. (2006) provided a brief
history of U.S. energy policies, programs and conservation efforts in the four U.S energy sectors.
Nadel et al. (2004) provided a meta-analysis of recent studies on energy efficiency in the U.S.
Most of the studies are founded on theories in energy economics (Horowitz, 2007; Metcalf,
2008) and utilize regression analysis methods (Berry, 2008; Horowitz, 2007; & Metcalf, 2008).
A review of energy efficiency studies revealed that some energy efficiency studies have
focused single energy sectors (Horowitz, 2004); multiple energy sectors (Horowitz, 2007; Berry,
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2008; & Metcalf, 2008); single programs (Horowitz, 2007); and multiple programs (Geller,
Harrington, Rosenfeld, Tanishima, & Unander, 2006; & Shaw, 2009). The various methods
adopted included longitudinal studies (Berry, 2008; Horowitz, 2007; Metcalf, 2008; Lee & Lee,
2010; & Loughran & Kulick, 2004); and cross-sectional studies (Shaw, 2009). Some studies
focused on U.S. cities, regions and states (Horowitz, 2007; Berry, 2008; Metcalf, 2008; Nadel,
Shipley & Elliot, 2004; Metcalf, 2008; & Loughran & Kulick, 2004); while others focused on
other countries (Geller, Harrington, Rosenfeld, Tanishima, & Unander, 2006; Lee & Lee, 2010).
In some of these studies, multiple regression models were developed to predict energy
consumption, and electric energy was used as a measure for energy consumption (Shaw, 2009;
Berry, 2008; & Horowitz, 2004). Several determinants of energy consumption and efficiency
have been studied by experts, primarily in the field of economics. The variables under
investigation during these studies have been gross domestic product (GDP), per capita income,
energy prices, climate, and population growth rate, technology trend, heating degree days,
cooling degree days, electricity price, and natural gas price (Loughran & Kulick, 2004;
Horowitz, 2007; Berry, 2008; Metcalf, 2008; & Lee & Lee, 2010). Tonn and Peretz (2007)
described the possible benefits of energy efficiency programs to the U.S. and argued that their
discussions are also generally applicable to sub-national governments in other countries.
Metcalf (2008) utilized a decomposition model to analyze state and national level data on
energy consumption between 1970 and 2001 for all the four energy sectors. The objective of the
study was to isolate two determinants of energy intensity (efficiency improvements and changes
in economic activity), and determine which one had played a more important role in driving
energy intensity (ratio of energy consumption to GDP) in the past thirty years. Metcalf found that
rising per capita income and rising prices contributed to a reduction in energy intensity. Metcalf
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(2008) estimated that three-quarters of the reduction in energy intensity was due to improvement
in energy efficiency. Metcalf found that average energy intensity had been declining at a 1.2%
rate between 1960 and 2001, and even more rapidly between 1973 and 1979 (oil crisis period).
The coefficient of variation in state energy intensity doubled between 1970 and 2001 implying
increased variation among state energy intensities.
Nadel et al. (2004) presented eleven studies on technical, economic and achievable
potential for energy efficiency in the U.S., focusing on three sectors and covering many regions
including New York and Oregon. Their study included both electric and gas energy, and covered
various time frames. They concluded that a review of successful state and utility programs
indicated that savings ranging from 20 to 40% could be achieved in practice.
Berry (2008) reported on the relationship between state-level efficiency programs and the
growth of electrical sales in the United States from 2001 to 2006. Forty-eight U.S. states are
adopted as units of observation. Berry analyzed data for three energy sectors: residential,
commercial and industrial. The measure of energy efficiency effort in Berry’s study was the
2006 ACEEE scorecard, which reflected the use of a portfolio of policies and programs
(excluding transportation programs) to advance energy efficiency. Berry’s study considered
aggregate impacts as applicable to all sectors, without a breakdown into individual sectors. He
concluded that applying leading states’ energy efficiency programs reduces state electricity sales
by 60%. A one-point increase in the efficiency program score was associated with a 3.2 decrease
in the growth of GWh sales over the 5-year study period. Berry (2008) recommended that “a
portfolio of efficiency programs should include financial incentives such as rebates for installing
efficiency measures as well as programs that establish energy efficiency targets, set up energyefficient building codes, establish appliance standards, promote combined heat and power (CHP)
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systems, offer tax incentives for installation of energy-efficient devices, and lead by example”
(Berry, 2008, p. 3625).
In line with Berry’s study, Shaw (2009) investigated the relationships between various
types of state energy efficiency policies (appliance/equipment standards, building codes and
standards, public benefits funds, tax incentives, and other financial incentives) and electricity
consumption and intensity. Findings indicated that tax incentives increase electricity use /
intensity, while public benefits funds and the number of appliance /equipment standards are
significantly associated with a decrease in the natural log of per capita electricity consumption.
Shaw (2009) predicted that “each additional appliance/equipment standard result in a decrease of
per capita electricity consumption of approximately 1 percent, while the presence of PBF results
in a decrease in per capita electricity consumption of approximately 13.4 percent” (p. 84). Shaw
(2009) found that all else being equal, a 1 percent change in gross state product was related to a
0.48 increase in electricity consumption. This study considered the presence and/or number of a
particular type of state energy efficiency policy, but didnot address implementation issues such
as funding, compliance nor adaptation. Shaw’s study considered aggregate electricity demanded
by all sectors of the U.S. economy, without focus on any specific sector.
Gillingham, Newell and Palmer (2006), in their examination of energy efficiency policies
in the United States, identified energy savings of up to 4 quads/year and carbon emissions
reductions of up to 63 million metric tons/year, mostly as a result of appliance standards and
utility-based Demand Side Management (DSM) programs. Their study also concluded that
ENERGY STAR, Section 1605b, and Climate Challenge programs may also provide large
benefits, while building codes and new research and development could increase their estimate
further.
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Loughran and Kulick (2004) investigated the effect of demand-side management (DSM)
programs on retail electricity sales in the U.S. They rely on panel data from 324 utilities over a
period of 11 years, from 1989 to 1999. Using a regression model, Loughran and Kulick (2004)
estimated that DSM expenditures have a larger effect on electricity sales for a sample of 119
utilities which reported positive DSM expenditures every year, thereby lowering electricity sales
by between 0.6 to 1.2 percent. The utilities themselves estimated that DSM expenditures lower
electricity sales between 1.8 and 2.3 percent. Loughran and Kulick commented that literature on
estimated energy savings were calculated by the utilities themselves, and these estimates are
higher than Loughran and Kulick’s estimate because the utilities do not have full control for bias.
Horowitz (2004) analyzed the combined effects of demand side management and market
transformation public programs on commercial sector electricity intensity across 42 states from
1989 to 2001. Findings suggested that in 2001, the combined effects of public programs reduced
commercial sector retail electricity sales by 77.1 million MWh, which is approximately 2.3% of
total U.S. retail electricity sales.
In order to increase understanding on government involvement in influencing electricity
demand, Horowitz (2007) analyzed consumption levels of U.S. states from 1970 to 2003 and for
the residential, commercial and industrial sectors. According to Horowitz, governments can alter
price and income as already established in economic theory. A cut of period, before and after
1992 is used as after 1992, a few states had mature programs, a large number of states had newer
programs and a small number had little or no involvement in energy efficiency programs.
Horowitz (2007) concluded that states with moderate to strong program commitment to energy
efficiency programs reduce energy intensity relative to what it would have been with a weak
commitment.
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The results from a study conducted by Kowalczyk (1985) showed that the commercial
sector energy efficiency programs are cost-effective from various perspectives, including that of
the program participants, society, the utility and non-participants. This study relied on 5,559
commercial audits and post/audit visits carried out in California between 1980 and 1982.
Kowalczyk (1985) observed it was possible to attain energy reductions of 19%, electric demand
reductions of 11%, and gas reductions of 15% in a cost-effective manner. “Electricity savings
associated with lighting were the greatest, ranging from 55% of the total recommended savings
for small customers to 50% for large customers. Also, the mean payback period for installed
electricity energy efficiency improvements for small, moderate and large commercial customers
were all under two years” (Kowalczyk ,1985 p. 172). It must be noted that these results were
based on the commercial building sector of the California and hence care must be taken in
generalizing results beyond the state of California. Also, since this study was conducted over 20
years ago, there is a great possibility that the results may not be applicable to this 21st century,
especially considering the fact that a number of significant energy efficiency policies and
technologies have been implemented since 1985. However, it is still considered in this
dissertation because it provides a historical perspective of the cost effectiveness of energy
efficiency technologies and policies.
Buck and Young (2007) focused on the determination of the physical and management
characteristics that influence the achievement of energy efficiency in 1091 Canadian commercial
buildings. They concluded that physical characteristics related to structural and climate control
building features, as well as management related variables concerning ownership-type and
activities undertaken govern the attainment of targeted energy efficiency goals. In conclusion,
Buck and Young (2007) suggested that there was room for focused policy initiatives to increase
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efficiency in the commercial sector. This study did not offer any direct conclusions regarding the
relationship between the implementation of policies and the attainment of energy efficiency
goals. Also, the study is limited to the Canadian commercial sector and care must be taken in
generalizing its findings beyond the Canadian commercial building sector. However, it affirmed
the belief that physical and management characteristics of buildings (which energy efficiency
policies seek to promote) has an impact on the energy efficiency of buildings. This study took up
the suggestions made by Buck and Young (2007) and investigated the impact of focused energy
efficiency related policy initiatives within the building sector.
According to Levine et al. (1994), the results from end-use forecasting models indicated
that equipment standards resulted in a cumulative net benefit of $46 billion to the nation for
appliances sold from 1990 to 2015. This estimate was made up of a net present cost of $32
billion for higher appliance initial costs and a net present savings of $78 billion. Levine et al.
(1994) believed that air pollutant emissions will be reduced by 1.5 to 2% in the same period.
Levine et al. (1994) estimated that the cost savings from appliance standard amounts to about 0.1
quadrillion btu (almost $1 billion) per year in the U.S. Levine et al. (1994) concluded that
appliance standards have a large beneficial impact on residential expenditures, and the appliance
standards yield a benefit to cost ratio of about 2.5.
Geller (1997) reviewed the status and impact of the federal appliance and equipment
efficiency standards on consumers, manufacturers, and the nation. Geller (1997) revealed that
appliance standards are expected to save $132 billion net and displace the need for 31 large (500
MW) baseload power plants by 2000, while decreasing carbon dioxide emission by 26 million
metric tons, equivalent to the removal of 15 million automobiles from the road.
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Most of these studies utilized multiple regression methods in analyzing secondary data
compiled by government agencies, not-for-profit organizations and utility companies. In this
study, a hierarchical multiple regression analysis was utilized to investigate the relationships
between selected predictors and electricity consumption.
Principles of Multiple Regression Analysis
The technique of understanding the relationship between a response variable and two or
more predictor variables is known as multiple linear regression (Pardoe, 2006). It demonstrates
how a change in one predictor variable is related to a change in a response variable, making it
possible to predict the value of a response variable when the value of a predictor variable is
known. Francis Galton was the first to use the term “regression” in the 19th century in his biology
study. Multiple linear regressions are usually represented mathematically showing the algebraic
relationship between independent (also known as covariates, input, exogenous or predictor
variables) and dependent variables (outcome, output, endogenous or response variables).
Using the determined relationship between dependent and independent variables,
statistical methods may be used to make statistical inferences about the corresponding population
relationships (Pardoe, 2006). Regression models reveal relationships and allow the prediction of
dependent variables from known independent variables, but do not confirm a causal link between
the dependent and independent variables. The method of least squares is one of the first forms of
regression and was published by Legendre and Gauss, who utilized this method in the study of
astronomy. This method provides an estimated regression equation, by minimizing the sum of
squared errors between the observed dependent values and the fitted dependent variables.
Multiple regression analysis is utilized when a study investigates relationships or correlations
between specified variables, given a data set.
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Ordinary Least Squares
This method involves the estimation of the best fit regression equation based on the
sample data, and the utilization of probability theory to make inferences about the corresponding
equation for the population (Pardoe, 2006). Multiple linear regression models are expressed
algebraically in Equation 1 below:
Y =

0 + 1X1 + 2X2

+.

. . . .

+

(1)

where:
Y
0
1,

2

-

Dependent Variable

-

Intercept or Constant (The expected Y value when X=0)

-

Regression Coefficients (The estimated slope of the regression line:
represents the expected change in Y for a unit change in X, controlling for
all other Xs)

X1 , X2

-

Independent Variables.
Random Errors

The equation represents the straight line that best fits the data on a scatterplot, after
plotting (X,Y) values for the data set. A preset alpha value has to be determined prior to running
the data using statistical software in order to determine if the results from the model are
significant. The results are significant if the p-value is less than the alpha value. In the case
where the results are significant, the terminology used is that X predicts or relates to Y, and
never X causes Y. A number of assumptions have to be satisfied in order to rely on the results
from a multiple regression analysis.
Model Assumptions
Model assumptions are conditions of the datasets that have to be fulfilled in order to rely
on the multiple linear regression results. Pardoe (2006) explained that the assumptions are related
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to random errors in the model: the probability distributions of the random error for each set of
variables should be normal with zero means and constant variances, and random errors should be
independent of each other.
Data utilized for regression analysis should be normal. Also, the probability distribution
of random error, , at each value of X should be normal and have a bell shape, in other words the
data points in a scatterplot should be closer to the regression line than further away and have a
gradually decreasing chance of being further away (Pardoe, 2006). In order to detect nonnormality, histograms and normal curves are plotted to determine if the data has a non-normal
shape. Data sets that have highly skewed distributions or flat peaks could have violated the
assumption of normality. SPSS can be used to calculate the skewness and kurtosis for each
variable. Normal data have skewness and kurtosis values of zero. Values for skewness that are
greater than +1 and lesser than -1 are considered as extreme and indicate that the data is not
normal. Also, kurtosis values that are greater than +3 or lesser than -3, are considered as extreme
and indicate that data is not normal.
Multicollinearity occurs when there is a linear relationship among some or all of the
independent variables in a regression model. Correlation and variance inflation factor (VIF) tests
are used to check for multicollinearity and autocorrelation. Data has serious problems if
correlation is close to 1 or -1 and VIF is higher than 10. Gujarati (1995) listed the consequences
of near or high multicolllinearity to include but not limited to insignificant t-ratios, high R2 with
few significant variables, large variances and wider confidence intervals. Multicollinearity can
be minimized by transforming variables, increasing the sample size, using time series and crosssectional data and by dropping the variable. However, Gujarati (1995) emphasized that
multicollinearity is not a problem if prediction is the research objective and committing a
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specification bias or error is possible if an important variable is dropped because of
multicollinearity.
Regression analysis assumes that there is a straight line between independent variables
and dependent variables. It can be tested by plotting a bivariate scatterplot with the independent
variable on one axis and dependent variable on the other axis. Also, a residual plot (residuals
versus predicted values) maybe be used to determine if a linear relationship exists between two
sets of variables. According to Princeton University (2007), the scatterplot will be oval if the two
variables are linearly related.
According to Princeton University (2007), homoscedasticity assumes that residuals are
approximately equal for predicted dependent variables. This implies that the error variance is
constant, and heteroscedasticity exists when the variances are unequal. Homoscedasticty can be
checked by examining x-y scatter plots or by analyzing a residual plot. A residual plot with a
rectangular shape and a greater number of points along the center meet the assumptions of
homoscedasticity. University of Texas at Austin (2011) recommended the use of the BreuschPagan statistic for checking homogeneity of error variance. The conditions for homoscedasticity
are violated, if the p-value for Breusch-Pagan is less than or equal to the alpha level for the test.
There are several strategies for correcting any abnormalities in data (Princeton
University, 2007; Pardoe, 2006; University of Texas, 2011). They include using the optimum
number of observations; checking accuracy with data input; removing outliers that will impact
results and replacing with the value of the lowest or highest non-outlier value; replacing missing
data with means; removing variables with high levels of multicollinearity; and transforming
variables through the application of functions such as natural logarithm, square, square root and
inverse, whenever necessary.
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Since the data for this study was cross-sectional and time series data, with time-invariant
variables, a form of OLS known as the random effect panel data regression analysis was used.
Panel Data Regression Method
Panel data provides between subjects and within subjects information over a period of
time. The panel data in this study was balanced because most of the subjects have observations
in all the time periods; and the few missing data were replaced with their means.
The random effect model was adopted for this study because this study involves a
combination of the fixed effect model and the between effect model. According to Garson
(2012), fixed effects models assume unobserved variables differ between subjects but are
constant across time for the same subject; while between effect models, although rare in social
science, assume that unobserved variables differ over time, but are constant across subjects for
the same period of time.
The Random Effects Model
The random effects model, also known as the variance components model, was used for
panel data analysis. In general, the random effect produces results that are more generalizeable
and it is preferred over fixed effects. Owing to the presence of intrapanel variation, the random
effect model has an advantage of allowing time invariant variables among its predictor variables.
The random effect is usually tested using the Hausman Specification test. According to Beck
(2004), the failure to reject the null means that random effects can be used, however the rejection
of the null is less conclusive.
This model assumes the intercept and slopes are both constant and error variances vary
across groups and time. It is usually estimated by generalized least squares (GLS) when there is
a known Ω matrix, a variance structure among groups, and the feasible generalized least squares
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(FGLS) method is used when Ω matrix is unknown (Park, 2009). SAS/ETS has the panel data
procedures for estimating random effects, employing the default Fuller-Battese method. The
SAS panel data procedure is generally preferred to other software because it gives accurate
statistics and efficiently conducts hypothesis tests conveniently (Parks, 2009).
A Hierarchical Approach
There are several types of regression analysis including simple or standard, stepwise and
hierarchical regression analysis. According to the University of Texas at Austin (2011), a
hierarchical regression is a multiple regression “used to evaluate the relationship between a set of
independent variables and a dependent variable, controlling for or taking into account the impact
of a different set of independent variables (control variables) on the dependent variable” (Slide
2). This type of regression allows the entry or adding of single or blocks of independent variables
at specified stages. It is preferred that variables are interval level, and non metric variables are
dummy-coded. In the hierarchical regression, the coefficient of determination, R square (R2) is of
particular interest to the researcher.
Pardoe (2006) defined R2 as the proportion of variation in Y (about its sample mean)
explained by a multiple regression relationship between Y and the independent variables (X1, X2,
…Xn). The R2 value for each stage is calculated and the change in R2 as different blocks of
variables are added in the models provides an indication of the contribution of each block of
independent variables. Most statistical software provides model summaries and other relevant
results as single or blocks of independent variables are added into the analysis. The null
hypothesis estimates that the change in R2 as blocks of variables are added is zero, and hence it is
rejected if statistical results indicated that R2 is not zero. The p-value of the model indicates
whether the change in R2 is significant or not significant.
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According to the University of Texas at Austin (2011), a significant number of
hierarchical regressions specify two blocks of variables: a set of control variables entered in the
first block and a set of independent or predictor variables in the second block. The model
estimates the relationship between the dependent variables and the predictor variables, taking
into consideration the effect of the control variables. In this study, the hierarchical regression is
used in data analysis because the study requires independent variables to be input into the model
in a specified order, based on the theory or empirical evidence guiding the research analysis. The
model building guidelines recommended by Pardoe (2006) were adopted.
1. Carefully frame research questions and identify data
2. Collect and organize data for analysis
3. Graph the data and calculate summary statistics
4. Fit an initial model
5. Check for regression assumptions using residual plots
6. Include interactions and transformations to improve model, when necessary
7. Simplify the model in stages
8. Evaluate the final model
9. Identify outliers and pitfalls such as multicollinearity, etc
10. Interpret the final model
11. Interpret the final model using graphics
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In summary, this chapter presented foundational theories in systems theory, program
implementation, energy efficiency and regression analysis.
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CHAPTER 3

METHODOLOGY
This comprehensive, empirical research investigated the impact of energy programs and
other contextual factors on U.S. buildings electricity consumption. Based on a review of
literature, seven models were developed to estimate the relationship between a set of predictor
variables and electricity consumption using random effects panel data regression analysis.
Chapter 3 focused on the quantitative research methodologies that were employed in this study.
The methodology adopted followed related studies in energy modeling research (Horowitz,
2004; Shaw, 2009; Metcalf, 2008; Berry, 2008).
Hypotheses
In order to identify the most statistically significant predictors of U.S. buildings
electricity consumption using the random effects panel data regression analysis, the following
null hypotheses were proposed:
Hypothesis 1
H1:

There are no statistically significant relationships among state residential electricity

consumption, state energy programs and state contextual factors.
Hypothesis 2
H2:

There are no statistically significant relationships among state residential electricity

consumption per capita, state energy programs and state contextual factors.

87
Hypothesis 3
H3:

There are no statistically significant relationships among state commercial electricity

consumption, state energy programs and state contextual factors.
Hypothesis 4
H4:

There are no statistically significant relationships among state commercial electricity

consumption per GSP, state energy programs and state contextual factors.
Hypothesis 5
H5:

There are no statistically significant relationships among state buildings electricity

consumption, state energy programs and state contextual factors.
Hypothesis 6
H6:

There are no statistically significant relationships among state buildings electricity

consumption per capita, state energy programs and state contextual factors.
Hypothesis 7
H7:

There are no statistically significant relationships among state buildings electricity

consumption per GSP, state energy programs and state contextual factors.
Research Data
Selection of Data
Based on a thorough review of previous empirical studies and public documents, the
contextual factors and state energy programs which impact energy consumption and intensity
were selected for this study. The eight energy programs had to meet the specified criteria to be
included in this study. All the energy programs have
a mission to improve energy efficiency in the U.S. residential and commercial
buildings sector.

88
been in existence for at least 10 years, giving them enough time to have partially
achieved their mission, which is to improve energy efficiency.
been adopted by at least 20 U.S. states.
gained some level of national attention due to estimated impacts on national
energy consumption.
accessible quantitative program data at state level.
have been directly or indirectly discussed or recommended by IEA (2008b) in its
report on energy efficiency in building codes and policies for new buildings.
Sources of Time Series and Cross-Sectional Data
Due to the fact that these energy efficiency programs were adopted and implemented by
the legislators, regulators and state government agencies, U.S. states were adopted as the
appropriate units of analysis as employed by Berry (2008). A time series, cross-sectional data
for 51 states from 2006 to 2009 constituted the 204 observations for the state-level, panel data
for this study. Panel data fixes the problem of bias caused by unobserved heterogeneity in crosssectional data sets, as well as allows the detection of dynamics that are difficult to detect in
cross-sectional data sets (Dough, 2006). The research data was obtained from various federal,
state and non-governmental agencies including the ACEEE, BEA, CEE, EIA, EPA, DOE, IECC,
U.S. CENSUS BUREAU and USGBC.
Procedures for Data Collection
Most of the data were electronically available on agency websites in various formats. In a
few cases, the data was obtained through email communication with agency representatives. The
data collection methodologies utilized by these agencies were clearly outlined by the agencies
and are briefly discussed in this chapter.
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Number of Observations
This study had a total of 204 observations, consisting of 51 states over a 4-year period.
Most writers recommend that the number of observations in a study using multiple regression
analysis be at least 10 to 20 times the number of variables (StatSoft, Inc., 2011). The number of
independent variables in this study is 18, and so the minimum number of observations should be
10 times 18, which is180. In compliance with StatSoft, Inc. (2011), this study has 204
observations, exceeding the minimum 180 observations.
Entry of Data
Most of the data were either in Microsoft Excel or PDF files. Initially the data was
carefully entered into Microsoft Excel, sorted and arranged into the appropriate formats for panel
data analysis using commands in Excel. Data that was received in inconvertible PDF formats had
to be manually input into Microsoft Excel, one at a time. Random checks were made to ensure
accuracy.
Manipulation of Data
The data received was not without imperfections. Different forms of manipulation were
implemented to obtain the appropriate forms of data. The averages of all state ACEEE scores for
2006 and 2008 were adopted for the year 2007, because the ACEEE did not issue an energy
scorecard for the year 2007. Also, due to the fact that the 2006 ACEEE state energy efficiency
scorecard did not have a category for financial and informational incentives, the category entitled
tax incentives was used as 2006 financial and informational incentives. Since the 2006 ACEEE
scorecard did not report on BECP compliance, the BECP compliance ratings for 2008 were
repeated for both 2006 and 2007. The data for the buildings sector for some of the variables such
as public benefit funds, LEED, ENERGY STAR, electricity retail sales, ACEEE (stringency of
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building codes scores were obtained by combining data for the residential and commercial
sectors. Also, the average price for electricity for the buildings sector was the average price of
the residential and commercial sectors.
Statistical Analysis of Data
The first part of the statistical analysis used means to describe the data. The second part
utilized random effect panel data regression analysis to estimate the relationships between state
contextual factors, energy programs and electricity consumption. The random effect model was
adopted as its intrapanel variation has the advantage of allowing time-invariant variables to be
included among the independent variables; fixed effect models precludes the parameter
estimation of variables that do not vary within a group (Yaffee, 2003). This was especially
critical as the models in this study were to be augmented by including time-invariant predictor
variables for the U.S. census and climatic regions in order to capture the difference in electricity
consumption and intensity among different U.S. regions.
The Statistical Package for Social Sciences (SPSS) software was used for all descriptive
analysis. Descriptive statistics included tables showing frequencies, means, standard deviations,
correlation coefficients and other relationships associated with state energy programs, state
contextual factors and state electricity consumption. The significant findings were reported in
Chapter 4.
The Statistical Analysis Software (SAS) was used for all inferential statistical analysis
using seven models, at a 10% level of significance as used in similar studies by Berry (2008) and
Loughran and Kulick (2004). Panel data regression models were developed to analyze this crosssectional and time series data. The panel data regression model is written as shown in Equation 2
below:
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Where Y is the dependent variable, k represents the number of independent variables, N
is the number of cross sections and X referred to the independent variables.
The PROC PANEL and PROC TSCSREG procedures for panel data analysis in SAS
ETS 9.2 (Enterprise Guide 4.3 On Demand for Academics) were used to run the one-way
random effect models. Both procedures had varying advantages that complemented this study,
but essentially they produced almost the same results. PANEL procedures enhance features that
are implemented in the TSCSREG procedure, however PANEL is not part of the menu in SAS
ETS 9.2. PANEL procedures required the writing of SAS codes, and had statement options for
tests such as Wald, Lagrange multiplier and likelihood ratio tests, which are unavailable in
TSCSREG procedures.
The random-effects model uses a two stage approach in SAS: (1) the variance
components are calculated using methods recommended by Fuller and Battese, Wansbeek and
Kapteyn, Wallace and Hussain, and Nerlove; and (2) an OLS regression is performed after the
variance components are used to standardize the data (SAS, 2012). The Fuller and Battese
method is the default for estimation in the one-way random effects model using balanced data.
Since, this study utilized time-invariant variables, and was not particularly interested in the
individual state or time effects, the one-way random fixed model was adopted. The Hausman
test, a routine in SAS, was used for further confirmation as to the appropriateness of this model.
Conceptual Models
Seven conceptual models were developed to determine the significant predictors of
electricity consumption and intensity in the U. S. buildings sector. Dependent variables are used
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as performance indicators, and involve the collection of outcome data, to reach a conclusion
about the success of programs (Bickman, 2000). The 7 dependent variables for the 7 models
employed in this study were operationalized as follows:
Model 1

-

Residential electricity consumption (Btus)

Model 2

-

Residential electricity consumption per capita (Btus/person)

Model 3

-

Commercial electricity consumption (Btus)

Model 4

-

Commercial electricity consumption / GSP (Btus/ dollar)

Model 5

-

Buildings sector electricity consumption (Btus)

Model 6

-

Buildings sector electricity consumption per capita (Btus/person)

Model 7

-

Buildings sector electricity consumption per GSP

(Btus/GSP)

Overall, these 7 models captured the social and economic indicators of electricity
efficiency, with the electricity intensity models providing a more realistic view of energy
efficiency. The dependent variables in models 1, 3, and 5 measured absolute electricity
consumption, while models 2, 4, 6 and 7 measured relative electricity consumption. Absolute
electricity consumption provided an indication of the extent to which these programs impact the
absolute physical quantity of electricity consumed by the buildings sector. This is relevant
because it provides an indication of infrastructure and other investments that are needed for
electricity supply and distribution. Also, overall energy consumption has serious implications for
environmental degradation associated with the production, transportation and end utilization of
electricity.
The electricity consumption per capita provided an indication of the extent to which these
energy programs impact electricity consumption at the individual level. Effective energy
programs should result in a decrease in the electricity consumption per capita, even if population
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increases lead to an increase in electricity consumption. This would support the claim that
despite the increase in consumption, without energy efficiency improvements implemented by
industrialized nations, OECD nations would have used more energy, than that which was
actually consumed as of 1998 (Geller, Harrington, Rosenfeld, Tanishima & Unander, 2006).
The electricity consumption per GSP provided an indication of the extent to which energy
efficiency programs have impacted the productive use of energy to generate goods and services
within an economy. This variable captured the level of economic activity within each state.
The null hypothesis for this study stated that energy efficiency programs and contextual
factors do not have statistically significant relationships with electricity consumption and
intensity in the U. S. residential and commercial buildings sectors. Each of the seven hypotheses
had two models: a partial model (A) with only the contextual variables; and a full model (B) with
both the contextual and program variables. For example, Model 1A had only the contextual
variables and Model 1B had both the contextual variables and the energy program variables.
Model 1
Model 1A
ELSrit =

0 + 1 CLit

+

7 MIDWESTit

2 PErit + 3 MHIit

+

+

8 SOUTHit +

4 POPit +

9 WESTit

+

5 GSPit + 6 NORTHEASTit +

(3)

i

Model 1B
ELSrit =

0 + 1 CLit

+

7 MIDWESTit
13FIIit +

2 PErit + 3 MHIit

+

+

8 SOUTHit +

14LBEit +

15PBFrit +

4 POPit +

9 WESTit
16ASit +

+

5 GSPit + 6 NORTHEASTit +
10SEPit + 11BCSrit

17LEEDrit +

-

12BCCit

18ENSTRrit

where:
ELSri

+

Residential Electricity Consumption (btu) by State i;

+

i

+
(4)
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0

-

Constant

CLi

-

Climate of State i;

PEri

-

Price of Residential Electricity of State i

MHIi

-

Median household income in State i;

POPi

-

Population of State i;

GSPi

-

Gross State Product of State i;

NORTHEAST -

Dummy for States in Northeast region of U.S.

MIDWEST

-

Dummy for States in Midwest region of U.S.

SOUTH

-

Dummy for States in South region of U.S.

WEST

-

Dummy for States in West region of U.S.

SEPi

-

State Energy Program by State i;

BCSr

-

Residential Building Energy Code Program (Stringency) by State i;

BCC

-

Buildings Energy Code Program (Compliance) by State i;

FIIPi

-

Financial and Informational Incentives Program by State i;

LBEi

-

Lead By Example Program in State i;

PBFi

-

Public Benefits Funds Program for residential sector in State i;

ASPi

-

Appliance Standards Program in State i;

LEEDr

-

LEED program (residential) in State i;

ENSTRri

-

ENERGY STAR program (residential) in State i;

-

random error term; and

-

time (2006 – 2009).

i

t
Model 2

Model 2A
ELSrit_POP =

0 + 1 CLit

+

2 PErit + 3 MHIit

+ 7 MIDWESTit

+

8

+

SOUTHit +

4 POPit +
9 WESTit

+

5 GSPit + 6 NORTHEASTit

I

(5)
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Model 2B
ELSrit_POP =

0 + 1 CLit

+

2 PErit + 3 MHIit

+ 7 MIDWESTit

+

12BCCit

+

18ENSTRrit

+

8

4 POPit +

SOUTHit +

13FIIit +

+

+

9 WESTit

14LBEit +

+

15PBFrit +

5 GSPit + 6 NORTHEASTit
10SEPit + 11BCSrit
16ASit +

17LEEDrit +

(6)

i

where:
ELSrit_POP- Residential Electricity Consumption Per Capita (btu/person) by State i; and the
rest of the independent variables are the same as defined in Models 1A and 1B.
Model 3
Model 3A
ELScit =

0 + 1 CLit

+

7 MIDWESTit

2 PEcit + 3 MHIit

+

+

8 SOUTHit +

4 POPit +

9 WESTit

+

5 GSPit + 6 NORTHEASTit +

(7)

I

Model 3B
ELScit =

0 + 1 CLit

+

7 MIDWESTit
13FIIit +

2 PEcit + 3 MHIit

+

+

8SOUTHit +

14LBEit +

15PBFcit +

4 POPit +

9 WESTit

+

16ASit +

5 GSPit + 6 NORTHEASTit +
10SEPit + 11BCScit

17LEEDcit +

12BCCit

18ENSTRcit

where:
ELSci

+

-

Commercial Electricity Consumption (btu) by State i;

0

-

Constant

CLi

-

Climate of State i;

PEci

-

Price of Commercial Electricity of State i

MHIi

-

Median household income in State i;

POPi

-

Population of State i;

GSPi

-

Gross State Product of State i;

+

I

+
(8)
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NORTHEAST -

Dummy for States in Northeast region of U.S.

MIDWEST

-

Dummy for States in Midwest region of U.S.

SOUTH

-

Dummy for States in South region of U.S.

WEST

-

Dummy for States in West region of U.S.

SEPi

-

State Energy Program by State i;

BCSc

-

Commercial Building Energy Code Program (Stringency) by State i;

BCC

-

Building Energy Code Program (Compliance) by State i;

FIIPi

-

Financial and Informational Incentives Program by State i;

LBEi

-

Lead By Example Program in State i;

PBFci

-

Public Benefits Funds Program for commercial sector in State i;

ASPi

-

Appliance Standards Program in State i;

LEEDc

-

LEED program (commercial) in State i;

ENSTRci

-

ENERGY STAR program (commercial) in State i;

-

random error term; and

-

time (2006 – 2009).

i

t
Model 4

Model 4A
ELScit _GDP=

0 + 1 CLit

+

2 PEcit + 3 MHIit

+ 7 MIDWESTit

+

8

+

SOUTHit +

4 POPit +
9 WESTit

+

5 GSPit + 6 NORTHEASTit

I

(9)
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Model 4B
ELScit _GDP=

0 + 1 CLit

+

2 PEcit + 3 MHIit

+ 7 MIDWESTit

+

12BCCit

+

18ENSTRcit

+

8

SOUTHit +

13FIIit +

+

+

14LBEit +

4 POPit +
9 WESTit

+

15PBFcit +

5 GSPit + 6 NORTHEASTit
10SEPit + 11BCScit
16ASit +

17LEEDcit +

(10)

i

where:
ELSc_GSPi

-

Commercial Electricity Consumption per GSP (btu / GSP) by
State i; and the rest of the independent variables are the same as
defined in Models 3A and 3B

Model 5
Model 5A
ELSbit =

0 + 1 CLit

+

2 PEbit + 3 MHIit

7 MIDWESTit

+

8SOUTHit +

+

4 POPit +

9 WESTit

+

5 GSPit + 6 NORTHEASTit +

(11)

I

Model 5B
ELSbit =

0 + 1 CLit

+

2 PEbit + 3 MHIit

+ 7 MIDWESTit

+

12BCCit

+

18ENSTRbit

+

8

SOUTHit +

13FIIit +

+

+

14LBEit +

4 POPit +
9 WESTit

+

15PBFbit +

5 GSPit + 6 NORTHEASTit
10SEPit + 11BCSbit
16ASit +

I

where:
ELSbi

-

Buildings Electricity Consumption (btu) by State i;

0

-

Constant

CLi

-

Climate of State i;

PEbi

-

Price of Buildings Electricity of State i

17LEEDbit +

(12)
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MHIi

-

Median household income in State i;

POPi

-

Population of State i;

GSPi

-

Gross State Product of State i;

NORTHEAST -

Dummy for States in Northeast region of U.S.

MIDWEST

-

Dummy for States in Midwest region of U.S.

SOUTH

-

Dummy for States in South region of U.S.

WEST

-

Dummy for States in West region of U.S.

SEPi

-

State Energy Program by State i;

BCSc

-

Building Energy Code Program (Stringency) by State i;

BCC

-

Building Energy Code Program (Compliance) by State i;

FIIPi

-

Financial and Informational Incentives Program by State i;

LBEi

-

Lead By Example Program in State i;

PBFci

-

Public Benefits Funds Program for commercial sector in State i;

ASPi

-

Appliance Standards Program in State i;

LEEDc

-

LEED program (buildings) in State i;

ENSTRci

-

ENERGY STAR program (buildings) in State i;

-

random error term; and

-

time (2006 – 2009).

i

t
Model 6

Model 6A
ELSbit _POP =

0 + 1 CLit

+

2 PEbit + 3 MHIit

+ 7 MIDWESTit

+

8

+

SOUTHit +

4 POPit +
9 WESTit

+

5 GSPit + 6 NORTHEASTit

I

(13)
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Model 6B
ELSbit _POP =

0 + 1 CLit

+

2 PEbit + 3 MHIit

+ 7 MIDWESTit

+

12BCCit

+

+

8

SOUTHit +

13FIIit +

17LEEDbit +

+

14LBEit +

18ENSTRbit

+

4 POPit +
9 WESTit

+

15PBFbit +

5 GSPit + 6 NORTHEASTit
10SEPit + 11BCSbit
16ASit +

(14)

i

where:
ELSbit_POP- Buildings Electricity Consumption per Capita (btu/person) by State i; and the rest
of the independent variables are the same as defined in Models 5A and 5B.
Model 7
Model 7A
ELSbit _GSP =

0 + 1 CLit

+

2 PEbit + 3 MHIit

+ 7 MIDWESTit

+

8

+

SOUTHit +

4 POPit +
9 WESTit

+

5 GSPit + 6 NORTHEASTit

(15)

I

Model 7B
ELSbit _GSP =

0 + 1 CLit

+

2 PEbit + 3 MHIit

+ 7 MIDWESTit

+

12BCCit

+

18ENSTRbit

+

8

SOUTHit +

13FIIit +

+

+

14LBEit +

4 POPit +
9 WESTit

+

15PBFbit +

i

5 GSPit + 6 NORTHEASTit
10SEPit + 11BCSbit
16ASit +

17LEEDbit +

(16)

where:
ELSbit_GSP- Buildings Electricity Consumption Per GSP (btu/$) by State i; and the rest of the
independent variables are the same as defined in Models 5A and 5B.
Operationalization of Models
All details associated with the operationalization of study variables are discussed in this
section. The name and measure of the variable, its implementation dimension, the source of data,
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the type of data, its unit of measurement and underlying calculation are included in the three
tables below for the three types of variables: (1) dependent variables ; (2) independent variables
(contextual factors); and (3) other independent variables (state energy program implementation).
Dependent Variables
The characteristics of the 7 dependent variables are listed in Table 1.
Table 1
Model Operationalization for Dependent Variables.
Name of
Variable /
Measure
State Residential
Electricity
Consumption =
State
Residential
Electricity Retail
Sales
(MODEL1)
State Residential
Electricity
Consumption
per capita =
State
Residential
Electricity Retail
Sales per person
(MODEL 2)
State
Commercial
Electricity
Consumption =
State
Commercial
Electricity Retail
Sales (MODEL 3)

Implementation Source of Data /
Dimension
Reference

Type of
Data

Units of
Measurement

Calculation /
Notes

Implementation U.S. EIA. State
Continuous
Outcome
Energy
Consumption
Estimates 1960
through 2009 (US
– EIA, 2011d)

British
Thermal
Units (Btus)

State
Electricity sales
associated with
the residential
sector

Implementation U.S. EIA. State
Continuous
Outcome
Energy
Consumption
Estimates 1960
through 2009 (US
– EIA, 2011d)

British
Thermal
Units (Btus) /
person

State
Electricity sales
associated with
the residential
sector divided
by state
population

Implementation U.S. EIA. State
Continuous
Outcome
Energy
Consumption
Estimates 1960
through 2009 (US
– EIA, 2011d)

British
Thermal
Units (Btus)

State
Electricity sales
associated with
the commercial
sector
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Table 1 continued
Name of
Variable /
Measure

Implementation Source of Data /
Dimension
Reference

Type of
Data

Units of
Measurement

Calculation /
Notes

State
Commercial
Electricity
Consumption per
GSP = State
Commercial
Electricity Retail
Sales per GSP
(MODEL 4)
State Buildings
Electricity
Consumption =
State Buildings
Electricity Retail
Sales (MODEL
5)
State Buildings
Electricity
Consumption /
Capita = State
Buildings
Electricity Retail
Sales /
Population
(MODEL 6)

Implementation U.S. EIA. State
Outcome
Energy
Consumption
Estimates 1960
through 2009 (US
– EIA, 2011d)

Continuous

British
Thermal
Units (Btus) /
GSP$

State Electricity
sales associated
with the
commercial
sector divided
by state GSP

Implementation U.S. (EIA). State
Outcome
Energy
Consumption
Estimates 1960
through 2009.
( US – EIA,
2011d)
Implementation U.S. (EIA). State
Outcome
Energy
Consumption
Estimates 1960
through 2009.
( US – EIA,
2011d)

Continuous

British
Thermal
Units (Btus)

Residential plus
Commercial
Electricity
Retail Sales

Continuous

British
Thermal
Units (Btus) /
Person

Residential plus
Commercial
Electricity
Retail Sales
divided by state
population

U. S. Census
Bureau –
Population
Division. Annual
Estimates of U.S.
Population –
2000 – 2009.
(U.S. Census
Bureau, 2009)
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Table 1 continued
Name of
Variable /
Measure

Implementation Source of Data /
Dimension
Reference

State Buildings
Electricity
Consumption /
GSP = State
Electricity Retail
Sales / Gross
State Product
(GSP)
(MODEL 7)

Implementation U.S. EIA - State
Outcome
Energy
Consumption
Estimates 1960
through 2009
(U.S. – EIA,
2011d)

Type of
Data

Continuous

Units of
Measurement

Calculation /
Notes

British
Thermal
Units (Btus) /
GSP$

Residential plus
Commercial
Electricity
Retail Sales
divided by state
GSP

U.S. Department
of Commerce –
Bureau of
Economic
Analysis (BEA) –
Gross Domestic
Product by State
(BEA, 2011)

Description of Dependent Variables
State Electricity Consumption - Models 1, 3 and 5
State electricity retails sales was used as an absolute measure for state electricity
consumption for the residential, commercial and buildings sectors. Electricity retail sales is the
amount of electricity sold by electric utilities and other energy service providers directly to retail
customers who purchase and consume electricity for their own use and not for resale (EIA,
2011b). Through its State Energy Data System (SEDS), the EIA provided comprehensive and
multidimensional state energy statistics such as energy consumption and energy prices, broken
down by source and by sector, allowing users to make comparisons across states, energy sources,
sectors and over time (EIA, 2011e). The state electricity retail sales in trillion Btus as published
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by EIA (2011d) from 2006 to 2009 for the residential and commercial sectors was utilized as a
measure of electricity consumption in the residential and commercial sectors. The retail sales
for the residential and commercial sectors were added to obtain the retail sales for the buildings
sector.
The EIA obtained its electricity monthly updates through Form EIA – 826, “Monthly
Electric Utility Sales and Revenues with State Distribution Report”. The survey data was
collected monthly from power plants and electric retailers, and the nominal sample size was
approximately 450 electric utilities and other energy service providers. Regression methods were
used to estimate the totals based on the data received from the sample (EIA, 2011f).
The state electricity retails sales value gives an indication of the total end-use
consumption of electricity in the state. It is expected that states with increased efficient
implementation of energy efficiency programs should have lower electricity consumption,
assuming all other factors are held constant. For example, with the increase in the total square
footage of energy efficiency buildings from the effective implementation of the LEED program,
a state should reduce its aggregated electricity consumption (electricity retail sales) over a period
of time. An evaluation conducted by the ORNL showed that in 2002, SEP efforts resulted in
annual energy savings of 47.6 trillion Btus and $336 million savings (Schweitzer & Tonn, 2005).
State electricity retail sales for the residential, commercial and buildings sectors were adopted as
the dependent variables for Models 1, 3 and 5 respectively
State Electricity Consumption / Capita - Models 2 and 6
The dependent variables for Models 2 and 6 were the state electricity consumption per
capita for the residential and the buildings sectors respectively. These were operationalized as
state electricity retails sales per person, which is the state electricity retail sales divided by the
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state population. Population estimates for the period 2006 to 2009 for all U.S. states were from
the U.S. Census Bureau – Population division (2009).
The U.S. Census Bureau provides estimates of the U.S. population, its States, the District
of Columbia, Puerto Rico, counties and equivalents, incorporated places, minor civil divisions,
consolidated cities, census regions and divisions, and metropolitan areas (U.S. Census Bureau,
2011a). The U.S. Census Bureau (2011b) utilized a component of population change method
which sums up the populations of all counties in a state, using administrative and other records at
the county level, while making adjustments for the effects of Hurricanes Katrina and Rita. Also,
household population estimates include components of changes in a population which are births,
deaths, net domestic migration and net international migration.
These dependent variables provided this study with a measure of the extent to which
contextual factors and energy efficiency programs transform electricity use on the individual
level. It is expected that individual energy use should be reduced through effective
implementation of energy efficiency programs. The improved individual energy efficiency could
be attained through state energy efficiency programs such as the financial and informational
incentives program which could provide individuals with increased access to cheaper energy
efficient technologies or through the Building Energy Codes Program which could coerce them
to utilize energy efficient products, systems and methods.
On the contrary, the per capita U.S. energy consumption is expected to increase from its
2003 level of 336.5 million Btu to 362.2 million Btu in 2025 (DOE – EERE, 2007), raising the
possibility of other factors such as increased dependence on technological products causing an
increase in energy consumption per capita. This performance indicator has been used in several
studies including Humboldt study as documented in Chapter 7 of ACEEE (2010). State
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electricity retail sales for the residential sector divided by state population was utilized as the
dependent variable for Model 2, while the total electricity retail sales for the buildings sector was
divided by the state population and used for Model 6.
State Electricity Consumption / GSP - Models 4 and 7
Models 4 and 7 adopted state electricity intensity as their dependent variable and were
operationalized as State electricity retails sales per GSP, which is the state electricity retail sales
divided by the state GSP. Model 4 was for the commercial sector, and Model 7 was for the
buildings sector.
State GSPs for the period 2006 to 2009 for all U.S. states was from the U.S. Department
of Commerce – Bureau of Economic Analysis (2011). The BEA, is an agency with the
Department of Commerce, and produces comprehensive and up to date economic account statics
to increase understanding of the U.S. economy. The GSP by state estimates are the state
counterpart of gross domestic product and as such, provide a comprehensive measure of a state’s
production (U.S. Department of Commerce – Bureau of Economic Analysis (BEA, 2006). This
has been used in many studies as a measure of the economic status of a region. GSP is measured
as the factor incomes earned (labor and capital income) and other production costs; it measures
expenditures of households on goods and services plus business investment, government
expenditures, and net exports (BEA, 2006).
Consequently, this dependent variable measured energy consumption in relationship with
production and the state economy. It is expected that states with lower energy intensities will
correlate with states with increased implementation of energy programs. According to DOE
(2007), “U.S. energy intensity, as measured by energy use per dollar of GDP is expected to
decline by 1.8% per year as efficiency gains and structural shifts in the economy offset growth in
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the demand for energy services” (p. 2). Programs such as the financial incentives and
informational program should provide incentives for individual and corporate investment in
energy efficiency materials and technologies that can reduce energy use in the business sector.
Independent Variables (Contextual Factors)
The first block of independent (contextual) variables as listed in Table 2 were climate,
price of electricity, median household income, population, GSP and U.S. census regions
(Northeast, Midwest, South and West).
Table 2
Model Operationalization for Independent Variables
Name of
Variable /
Measure
State Climate /
2009 IECC
climatic zones

Source of Data /
Reference

Type of Data

Units of
Measurement

2009 International
Energy
Conservation
Code (IECC,
2011)

Categorical
Cold – 2;
Warm – 1

State Price of
electricity

U.S. EIA –
Electricity sales,
revenue and
average price (US
– EIA, 2010c)

Continuous

Cents /
KilowattHour

State Median
household
income

U. S. Census
Bureau – Median
household income
by state (U.S.
Census Bureau,
2010c)

Continuous

Dollars

Calculation / Notes

Since each state had
several climatic zone,
the climatic zone which
covered the greatest area
was used. IECC
Climatic Zones 1 to 4
were combined into
category 1, and IECC
Climatic Zones 5 – 8
were combined into
category 2.
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Table 2 continued
Name of
Variable /
Measure
State Population

State Gross
State Product

Census Region Northeast

Census Region Midwest

Census Region South

Census Region West

Source of Data /
Reference

Type of Data

Units of
Measurement

U. S. Census
Bureau –
Population
Division. Annual
Estimates of U.S.
Population – 2000
– 2009 (U.S.
Census Bureau,
2009).
U.S. Department
of Commerce –
Bureau of
Economic
Analysis (BEA) –
Gross Domestic
Product by State
(BEA, 2011)
U.S. Energy
Information
Administration.
RECS
methodology
(EIA, 2009b).
U.S. Energy
Information
Administration.
RECS
methodology
(EIA, 2009b).
U.S. Energy
Information
Administration.
RECS
methodology
(EIA, 2009b).
U.S. Energy
Information
Administration.
RECS
methodology
(EIA, 2009b).

Continuous

Persons

Continuous

Billion
Dollars

Categorical
(Dummy)
Northeast = 1;
Not Northeast =
0
Categorical
(Dummy)
Midwest = 1;
Not Midwest = 0

Categorical
(Dummy)
South = 1;
Not South = 0

Categorical
(Dummy)
West = 1;
Not West = 0

Calculation / Notes
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Description of the First Block of Independent Variables (Contextual Factors)
State Climate
The 2009 IECC climatic zones were adopted as a measure for state climate as used by
Newsham et al. (2009). According to Jaffe and Stave (1994), climatic departures from temperate
conditions indicated by cooling or heating degree days could encourage the adoption of energy
efficiency technologies. Several building and energy related studies have made adjustments for
variations in state weather. The Humboldt University study documented in Chapter 7 of 2010
ACEEE energy scorecard, emphasizes that state climates are clearly beyond the control of policy
makers (Molina et al., 2010).
The development of the IECC climatic zones was documented by Briggs, Lucas and
Taylor (2002). There are eight climatic zones, Climatic Zone 1 to 8, with Zone 1 having higher
temperatures and Zone 8 having colder temperatures. . The IECC climatic zones have also been
adopted by ASHRAE and ENERGY STAR. Since the climatic zone maps provided climatic
zones numbers per county, and each state had different counties, there had to be some
adjustments to estimate a state’s climatic zone. Based on the state climatic zone maps obtained
from the interactive system from IECC (2011), the climatic zone which dominated the largest
area within a state was adopted as the state climatic zone. For example, the State of Alabama was
split into climatic zones 2 and 3. However, zone 3 was adopted for Alabama, because more
counties and therefore the larger area of the state of Alabama was in IECC climatic zone 3.
Metcalf (2008) estimated that energy intensity is higher in the states with higher heating degree
days. It is hypothesized that states with higher climatic zone numbers should have higher energy
consumption and intensities.
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In this study, climatic zone 1 consisted of the warmer states with IECC climatic zone
numbers ranging from 1 to 4; while the colder states were in climatic zone 2 which included
states with IECC zone numbers ranging from 5 to 8. It was hypothesized that states in the colder
climatic zones would have higher levels of electricity consumption and intensities.
State Average Retail Price Rate for Electricity
State average retail electricity price rates as published by EIA (2010c) were adopted as a
measure of electricity prices, in order to assess the impact of electricity prices on electricity
consumption and intensities. In 2009, the state average retail electricity price rates for New York
were 17.50 cents/kWh and 15.51 cents/kWh for the residential and commercial sectors
respectively, while the rates for North Dakota were 7.58 cents/kWh and 6.81cents/kWh for the
residential and commercial sectors respectively. This study investigated whether such wide
differences were associated with wide differences in electricity efficiency. According to Metcalf
(2008), energy prices are likely to affect energy intensity as he estimated that a 10 percent rise in
energy prices results in a 1.1 percentage point drop in energy intensity. For this study, the
average of the electricity price rates for the residential and commercial sector was used as a
measure of the price rate for the buildings sector. In North Dakota’s situation, the average retail
rate for the buildings sector was 7.58 cents plus 6.81 cents/kWh divided by two (2), resulting in a
buildings sector retail rate of 7.195 cents/ kWh.
Shaw (2009) and Berry (2008) found that price was a significant control variable in their
state energy consumption studies. Lee and Lee (2010) recommended that realistic prices that
reflect market and cost conditions are necessary to reduce energy consumption. Lee and Lee
(2010) further stated that “in the future, price reform will be a key policy element for achieving
increased energy conservation and encouraging the use of substitute sources of energy” (p. 18). It
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was hypothesized that states with higher average retail electricity prices would have reduced
electricity consumption and intensities.
State Median Household Income
The U.S Census Bureau (2010) data for state median household income was used as a
measure for income in this study. The U.S. Census Bureau (2011c) defined census money
incomes “as income received on a regular basis (exclusive of certain money receipts such as
capital gains) before payments for personal income taxes, social security, union dues, medicare
deductions, etc.” (p. 1). The U.S. Census used surveys such as the American Community Survey
and Census 2000 to collect data using questionnaires and interviews. Administrative records
were also utilized in estimating U.S. household incomes. Lee and Lee (2010) noted a unidirectional causality running from income to electricity consumption. Jaffe and Stave (1994)
stated that income could affect the use of energy. It was hypothesized that states with higher
median household income would have higher levels of electricity consumption and intensities,
because of their citizens have higher purchasing power and more sophisticated lifestyles.
State Population
Population is one of the dominant drivers of future service demands and energy
consumption (Kyle et al., 2010). The populations of California and District of Columbia in 2008
were 36,580,371 and 590,074, with an associated 914.9 Trillion Btus and 40.4 Trillion Btus of
electricity retail sales respectively (U.S. Census Bureau, 2009). It was hypothesized that
increased state population would be associated with increased electricity consumption (Kyle et
al., 2010). Although, Metcalf (2008) concluded that faster growing states have higher energy
intensities, it was hypothesized in this study that increased populations should result in reduced
energy intensities due to the economies of scale associated with the sharing of facilities.

111
State GSP
GSP is one of the dominant drivers of future service demands and energy consumption
(Kyle et al., 2010). State GSP is a measure of the economic status of the state. In 2007, the GSP
for California was $1,812,968 million dollars, while that of Alaska was $44,517 million dollars
(BEA, 2008). It was hypothesized that states with higher GSPs would be associated with higher
electricity consumption and intensities.
U.S. Census Regions
Regional variables were included in this study to capture differences in consumption and
intensities among the four U.S. census regions: Northeast, Midwest, South and West, possibly
rising from a variation in energy related regional characteristics. Four dummy variables were
introduced into each model with the number 1 allotted to a state within a specific census region
and the number 0 allotted to a state out of that census region.
Other Independent Variables (State Energy Programs)
The characteristics of the second block of independent variables, which are the state
energy efficiency programs are listed in Table 3.
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Table 3.
Model Operationalization for Independent Variables
Name of
Variable /
Measure
State Energy
Program –
Annual federal
SEP dollar
allocation

Implementation
Dimension

Source of Data /
Reference

Type of
Data

Units of
Measurement

Calculation /
Notes

Resource
Availability

Continuous

Dollars ($)

Obtained from
correspondence
with DOE –
EERE in May
2011.

State Building
Energy Codes
Program –
State ACEEE
Scores for
building code
stringency
efforts

Adaptation

DOE – EERE
(2011). SEP
Formula Grant
Allocations –
Fiscal years 2000
to 2010 (DOEEERE, 2011).
2006, 2008 &
2009 ACEEE
State Building
Energy Codes:
Stringency scores.
(ACEEE
scorecards for
2006, 2008 and
2009)

State Building
Energy Codes
Program –
State ACEEE
Scores for
building code
compliance
efforts

Adherence

2006, 2007, 2008
& 2009 ACEEE
State Building
Energy Codes:
Compliances
scores (ACEEE
scorecards for
2006, 2008 and
2009)

Categorical
(Dummy)
Presence
=ACEEE
score greater
or equal to
1; Absence
= ACEEE
score equal
to 0
Categorical
(Dummy)
Presence
=ACEEE
score greater
or equal to
1; Absence
= ACEEE
score equal
to 0)

Varies with
residential and
commercial
sector.
Residential and
Commercial was
added to get the
score for
buildings sector.
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Table 3 continued
Name of
Variable /
Measure
State Financial
and
Informational
incentives
program –
state ACEEE
scores for
strength of
financial
incentives
program
State Lead By
Example
program –
state ACEEE
scores for
strength of
Lead by
Example :
(Building and
benchmarking
requirement)
program
Public
Benefits Fund
program –
State spending
on raterfunded energy
efficiency
programs

Implementation
Dimension

Source of Data /
Reference

Type of
Data

Dosage

2006, 2008 &
2009 ACEEE
State Financial
and Informational
incentives score.
(ACEEE
scorecards for
2006, 2008 &
2009)

Categorical
(Dummy)
Presence
=ACEEE
score greater
or equal to
1; Absence
= ACEEE
score equal
to 0

Adaptation

2006, 2008 &
2009 ACEEE
State Lead By
Example program
scores. (ACEEE
scorecards for
2006, 2008 &
2009).

Categorical
(Dummy)
Presence
=ACEEE
score greater
or equal to
1; Absence
= ACEEE
score equal
to 0

Resource
Availability

CEE. Annual
Industry Reports –
The Energy
Efficiency
Program Industry
(CEE, 2011a).

Continuous

Units of
Measurement

Calculation /
Notes

Million
Dollars

Varies with
residential and
commercial
sector. Total for
buildings sector
= Residential +
Commercial
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Table 3 continued
Name of
Variable /
Measure
Appliance
Standards –
State ACEEE
scores for
Appliance
Standards

Implementation
Dimension

Source of Data /
Reference

Type of
Data

Dosage

2006, 2007, 2008
& 2009 ACEEE
State Appliance
Standards scores.
(ACEEE, 2009;
ACEEE, 2008; &
ACEEE, 2006)

LEED
program –
Number of
LEED
buildings

Program Reach

USGBC - LEED
Projects & Case
Studies Directory
(USGBC, 2011e)

Categorical
(Dummy)
Presence
=ACEEE
score greater
or equal to
1; Absence
= ACEEE
score equal
to 0
Continuous
Number of
buildings

ENERGY
STAR
program –
Number of
ENERGY
STAR
buildings

Program Reach

U.S. EPA –
ENERGY STAR
Certified
Buildings and
Plants U.S. EPA –
ENERGY STAR
(2011)

Continuous

Units of
Measurement

Number of
buildings

Calculation /
Notes

Varies with
residential and
commercial
sector. Total for
buildings sector
= Residential +
Commercial
Varies with
residential and
commercial
sector. Total for
buildings sector
= Residential +
Commercial

Description of the Second Block of Independent Variables
State Energy Program
The annual federal SEP funding allocation to states from 2006 to 2009 was used as a
proxy for resource availability to states. In 2002, the major sectors served by the SEP were the
residential, commercial and institutional sectors (Schweitzer & Tonn, 2005). The data for SEP
funds were obtained from personal correspondence with SEP officials in 2011(DOE-EERE,
2011). It was hypothesized that states with higher SEP funding would have lower electricity
consumption and intensities.
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State Building Energy Codes Program (Stringency and Compliance)
The state ACEEE scores for stringency of residential and commercial energy building
codes, as well as building codes compliance were used in this study. ACEEE was founded in
1980 by researchers in the field of energy as a nonprofit organization dedicated to promoting
energy efficiency as a means of increased economic prosperity, energy security, and
environmental protection. ACEEE is committed to conducting policy analysis, advising policy
makers and working with other stakeholders.
In 2007, ACEEE published its 2006 state energy efficiency score cards to score and rank
all U.S. states, not including U.S. territories, on their adoption and implementation of energy
efficiency policies and programs (Molina et al., 2010). States could earn up to 50 points upon
ACEEE’s examination of 6 energy efficiency policy areas including: (1) utility-sector and public
benefits programs and policies; (2) transportation policies; (3) building energy codes; (4)
combined heat and power; (5) state government initiatives; and (6) appliance efficiency
standards. The points in each area are weighted by their magnitude of potential impact on energy
savings.
Molina et al. (2010) estimated that building codes could contribute about 15% of total
energy savings potentials, but noted that actual savings of policies were rarely evaluated.
ACEEE collected the data from the Building Codes Assistance Project (BCAP), DOE’s Building
Energy Codes Program, and the Database for State Incentives for Renewables and Efficiency
(DSIRE). Under the building energy codes area, states earned scores based on two program
measures: level of stringency of building codes (up to 7 points) and level of efforts to enforce
compliance of codes (up to 2 points), for a combined maximum score of 5 points. The stringency
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score for the residential sector was different from the commercial sector; while the compliance
score was the same for both sectors. ACEEE utilized professionals to rank the compliance levels
of energy codes programs, and so it can be argued that the scores have a subjective element, and
could be impacted by personal biases. Molina et al. (2010) explained that compliance was
captured by reviewing state activity on code compliance surveys and training of code officials
for effective enforcement. This method was adopted due to lack of more accurate data. State
scores were adjusted based on the adoption of key energy efficiency standards that increase the
stringency of a state’s energy code. For example, a state that met or exceeded ASHRAE 90.12007 earned 5 points, while a state that had no mandatory state energy codes earned 0 points. As
such, the ACEEE state building codes stringency score were used as a measure for adaptation,
one of the implementation dimensions in this study; while the ACEEE state building codes
compliance score was used as a measure for adherence, another implementation dimension
(ACEEE, 2009).
Due to the high levels of skewness and non-normality of the data observed during the
descriptive statistical analysis, this variable was converted to a dummy variable. States with an
ACEEE score of 1 or greater were allotted the number 1, while states with a score of 0, were
allotted the number 0. It was hypothesized that states in category 1 would have lower levels of
electricity consumption and intensities.
State Financial Incentives and Informational Program
State ACEEE state financial incentives and informational program scores were used as a
proxy for dosage. One of the ways that a state demonstrates commitment to energy efficiency is
to provide evidence of the availability of financial and informational incentives for consumers,
businesses, and industry. ACEEE obtained current state tax and financial incentives for buildings
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and equipment efficiency from the Database of State Incentives for Renewable Energy (DSIRE).
Financial incentives usually take the form of loans, tax credits, bonds, reduced sales tax and
income tax deductions. ACEEE allocated points based on the strength of the state’s financial
program, and so a state with several minor programs like Minnesota had a score equivalent to
Delaware, which had only one major program (Eldridge et al., 2009). According to Molina et al.
(2010), state programs are judged by professionals based on their relative strength, reach and
impact. A state can earn up to 3 points for its financial incentives and informational programs.
Molina et al. (2010) reported that Massachusetts, Oregon and Alaska had three points each,
while North Dakota, Florida, West Virginia and Rhode Island had zero points. As a dummy
variable in this study, the states with a zero ACEEE score were assigned a zero number, while
states with a score greater or equal to one were assigned the number one. It is hypothesized that
states with a higher level of financial incentives will have lower energy intensities.
Due to the high levels of skewness and non-normality of the data observed during the
descriptive statistical analysis, this variable was converted to a dummy variable. States with an
ACEEE score of 1 or greater were allotted the number 1, while states with a score of 0, were
allotted the number 0.
State Lead By Example Program: Building and Benchmarking Requirement
The building and benchmarking ACEEE state score for state Lead By Example programs
was adopted for this study as a measure for adaptation. Lead By example programs are one of the
ways by which states can demonstrate their commitment to energy efficiency by incorporating
energy efficiency measures in their buildings. Many states have adapted mandatory energy
savings targets, which require investing in new energy efficiency buildings and retrofitting
existing buildings which result in lowered energy consumption. ACEEE Lead By Example –
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Building requirement awards 1 point to states with energy savings targets for buildings, while the
ACEEE benchmarking score awards 0.5 points to states that have had state buildings undergo an
energy audit or tracked energy performance of their buildings using a recognized tool such as
EPA ENERGY STAR Portfolio Manager. A total score of 1.5 points may be earned by each
state for its State Lead By Example program. States such as California and Colorado have the
maximum of 1.5 points, while states such as Wyonming and North Dakota have 0 points.
Due to the high levels of skewness and non-normality of the data observed during the
descriptive statistical analysis, this variable was converted to a dummy variable. States with an
ACEEE score of 1 or greater were allotted the number 1, while states with a score of 0, were
allotted the number 0. It was hypothesized that states in category 1 would have lower
consumption and intensity levels.
Public Benefits Funds Program
The records of state expenditures on electricity efficiency programs as documented by
CEE were adopted as a measure for resource availability to states. The CEE is a nonprofit public
benefits corporation which develops initiatives to promote the manufacture and purchase of
energy efficiency technologies. Many states have rater-funded public benefits funds programs to
promote energy efficiency technologies and practices. CEE serves states with public benefits
funds programs, and its members include state energy offices, utilities, research organizations
and other energy efficiency organizations.
Since 2006, CEE has been collecting and publishing data on state energy efficiency
programs in the U.S. CEE works with the Institute of Electric Efficiency (IEE) to collect
information on expenditures, budgets and energy savings from a survey administered annually to
utility and non-utility program administrators. CEE (2011b) cautioned against comparing the
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data at the state level due to the fact that this is a voluntary survey and responding organizations
may vary from year to year. SEP funding is excluded from CEE reports (2011b). CEE categories
for reporting electric budgets include ‘commercial and industrial’, ‘residential’, ‘low-income’,
‘load management’ and ‘other’. This study utilized the residential electric budgets and the
commercial and industrial budgets as according to CEE (2011b), it is currently not possible to
differentiate between state commercial and industrial electric budgets. The residential and
commercial budgets were added to obtain the buildings budget. Some states such as Alaska in
2009, did not respond to the surveys. The electricity budgets of states for their PBF programs
were adopted as a measure of resource availability, one of the program implementation
dimensions for this study. It was hypothesized that states with higher electricity budgets should
have lower levels of electricity consumption and intensities.
Appliance Standards Programs
The state ACEEE appliance standards score for appliance standards was utilized as a
measure for dosage. Many states have appliance standards for guiding the manufacturing of
energy efficiency products for the residential and commercial sector. The ACEEE scorecards
provide state appliance standard scores which are based on the number of appliance standards
enacted by the state since 2002, which were not preempted by federal government. ACEEE also
rates states based on the most recent standards adopted and the potential energy savings to be
generated by 2030. Molina et al. (2010) awarded 3 points to California, which had adopted its
recent standards in 2010 and was projected to obtain a savings of 122 billion Btus by 2030. The
state ACEEE scores for appliance standards were adopted as a measure of dosage, one of the
program implementation dimensions for this study.
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Due to the high levels of skewness and non-normality of the data observed during the
descriptive statistical analysis, this variable was converted to a dummy variable. States with an
ACEEE score of 1 or greater were allotted the number 1, while states with a score of 0, were
allotted the number 0. It was hypothesized that states in category 1 would have lower electricity
consumption and intensity levels.
LEED Program
The total number of LEED buildings in a state was used as a proxy for program reach.
With the claims made by USGBC regarding its LEED program, it is expected that increased
number of LEED buildings in a state will lead to reduced electricity consumption and intensities.
USGBC keeps a record of all certified LEED buildings. The LEED data was classified into
residential and commercial buildings and the sum was used for the models with LEED buildings.
It was hypothesized that states with more LEED buildings would have lower energy
consumption levels and intensities.
ENERGY STAR Program
The total number of ENERGY STAR buildings in a state was used as a measure for
program reach. The data for commercial Energy Star buildings were obtained from EPA’s
website and through personal communication with an Energy Star representative (EPA, 2011).
The year 2006 was adopted as the base year for the ENERGY STAR commercial buildings. With
all the claims made by the ENERGY STAR program regarding the energy savings potentials, it
was hypothesized that the greater the number of ENERGY STAR buildings in a state, the lower
its electricity consumption and intensity.
The expected direction of the coefficients of the independent variables in this study is
shown in Table 4.
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Table 4
Expected Direction of the Coefficients of the Independent Variables
Independent Variables

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

State Climate / 2009
IECC climatic zones

+

+

+

+

+

+

+

State Price of Electricity

-

-

-

-

-

-

-

State Median household
income

+

+

+

+

+

+

+

State Population

+

-

+

-

+

-

-

State Gross State Product

+

+

+

+

+

+

+

Census Regions
(Northeast, Midwest,
South, West)

+/-

+/-

+/-

+/-

+/-

+/-

+/-

State Energy Program

-

-

-

-

-

-

-

State Building Energy
Codes Program stringency efforts

-

-

-

-

-

-

-

State Building Energy
Codes Program –
compliance efforts

-

-

-

-

-

-

-
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Table 4 continued
Independent Variables

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

State Financial and
Informational incentives
program

-

-

-

-

-

-

-

State Lead By Example
program

-

-

-

-

-

-

-

Public Benefits Fund
program

-

-

-

-

-

-

-

Appliance Standards

-

-

-

-

-

-

-

LEED program

-

-

-

-

-

-

-

ENERGY STAR program

-

-

-

-

-

-

-

Model Development Guidelines
In order to minimize the excessive use of trial and error methods and to provide a useful
framework for regression analysis, the model development guidelines recommended by Pardoe
(2006) was adopted for this study. The guidelines are as follows:
1. Carefully frame research questions and identify data
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Based on existing theories, review of literature, empirical evidence, existing
databases, government documents and common sense, the research hypothesis were
developed and data sources were identified.
2. Collect and organize data
Data was collected from agency websites and through personal communication
with appropriate agency representatives.
3. Organize data for analysis
Data was initially arranged in useable panel data format using Microsoft Excel,
and was randomly checked for errors to ensure accuracy.
4. Graph the data to calculate summary statistics
Summary statistics were run using SPSS software. High levels of skewness were
observed in the ACEEE variables, and so they were converted to dummy variables. High
levels of multicollinearity were observed for the following variables: population, gross
state product, state energy program and public benefit funds.
5. Fit an initial model
An initial model was fitted “as is”, with no transformations. Using SAS/ETS
regression analysis for panel data using random one effects panel regression model, the
following steps were taken for each of the seven models.
a. An intial partial model was fitted using only the contextual factors
b. A full model with all the contextual factors and state programs was fitted
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c. The final model is the nested or reduced model in which only the
significant variables and the variables which made a positive contribution
to the R-square were retained. All other variables were removed.
According to Pardoe (2006), a model with the subset of variables from a
complete model (includes all independent variables) is known as a reduced
or nested variable.
This simplification process was emphasized by Pardoe (2006) as necessary since the aim
is to obtain a model that can capture the major and important relationships without
distractions from minor, unimportant relationships.
6. Check for regression assumptions
All regression assumptions were checked by evaluating the scatterplots, Q-Q
plots, histograms, normal curves and residual plots. There were no observed violations of
the assumptions of multiple regression.
7. Evaluate the final model
Due to the previously determined multicollinearity, all the continuous variables in
the study were transformed using the natural logarithm function. Although, a higher Rsquare was obtained for some of the models, all the previously significant variables with
the untransformed data were lost. Consequently, this model retained the models with
untransformed data. All the models were re-evaluated to determine if regression
assumptions were still satisfied.
8. Interpret the final model
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A summary of the parameters in the model are reported in Chapter 4. They
include regression coefficients, t-values, p-values, R-squared, root mean squared errors,
etc.
9. Interpret the final model using graphics
The final models were interpreted using graphs and plots from the final SAS
reports.
Evaluation of Models
A summary of the parameters of models as published through the SAS-ETS program are
presented in Chapter 4. This panel data utilized the random effects model to estimate the
regression coefficients. The model was evaluated using the following criteria:
R2 value
The coefficient of determination is known as R2. Pardoe (2006) defined R squared as the
proportion of variance in the dependent variable about its mean that is explained by the
multiple linear regression relationship between the dependent and independent variables.
Higher R-squared values are preferred as they are an indication of a stronger relationship
between the dependent and independent variables.
Difference in R2 value (R2of final model minus R2of partial model)
A larger difference in R2 value indicated a higher impact on electricity consumption and
intensity as a result of the state programs, over and above the impact of the contextual
variables
Root Mean Squared Error
Also known as the regression standard error or the standard error of the estimate indicates
how close the observed dependent values are to the predicted values. Smaller values are
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preferred as they indicate there is a smaller difference between the predicted y values and
the observed y values, and hence a good model fit.
Regression coefficients
A higher regression coefficient represents a stronger relationship between the dependent
and independent variable.
Sign of the regression coefficient (positive or negative)
A positive sign indicates that the independent variable causes the dependent variable to
increase, while a negative sign indicates that the independent variable causes the
dependent variable to decrease.
T-tests
The higher a t-statistic, the greater the probability of rejecting the null hypothesis, and
larger t-values are preferred as they support the research hypothesis.
Statistical significance of the regression coefficients
The p-value provides a measure for testing the null hypothesis based on the t-tests.
Higher t-statistics lead to lower p-values, which if lower than the level of significance of
this study (alpha=0.1) is deemed to be significant. It infers that the regression coefficient
is statistically significant and is not likely to be 0. On the other hand, a higher p-value
indicates that there is not enough evidence to reject the null hypothesis, and so the
research hypothesis is abandoned.
The appropriateness of the model depends on its fit with the underlying theory.
Regression coefficients with unexpected signs were re-investigated. The data was re-checked and
the models were re-run following the process described earlier. In situations where the
parameters were unchanged, the theory was re-visited to provide a possible explanation for the
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unexpected sign. In situations, where there were no possible explanations, the results were
described as inconclusive. Chapter 4 provides a detailed description of the findings from this
study.
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CHAPTER 4

RESULTS AND DISCUSSIONS
The previous chapters provided detailed descriptions and explanations regarding the role
of contextual factors and state energy programs in the quest for energy efficiency in the U.S.
buildings sector. This led to the problem statement, hypothesis and methodology adopted for this
study. Although, a review of literature showed consistent claims about the impact of the
contextual factors on energy consumption in the U.S., there were conflicting opinions associated
with the impact of energy efficiency programs. In view of these contradictions, this study
investigated the impact of contextual factors and state energy programs on electricity
consumption and intensity of buildings sector, with special focus on the residential and
commercial buildings sectors.
This chapter presented results from 7 random effects panel data regression analysis using
204 observations from 51 U.S. states. The chapter was sub-divided into seven major sections
addressing the seven models in the study. Each sub-division begins with a re-statement of the
hypothesis, followed by descriptive statistics obtained from the SPSS software and inferential
statistical analysis obtained from the SAS regression analysis procedure for random effect panel
data regression analysis. Each of the seven final or nested models consisted of independent
variables that were either statistically significant (alpha = 0.1) or had positively contributed to

129
the R2 value for the model. The presentation of results obtained from the statistical analysis of
each model was immediately followed by discussions on the significant findings.
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Model 1 – Residential Electricity Consumption
The objective of Model 1 was to determine the significant predictors of residential
electricity consumption, and estimate the impact of energy programs on electricity consumption
over and above the impact of contextual factors. The hypothesis for Model 1 is stated below:
Hypothesis 1
H1:

There are no statistically significant relationships among state residential electricity

consumption, state energy programs and state contextual factors.
Descriptive Statistics
Table 5 showed the descriptive statistics for the continuous variables in this model.
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Table 5.
Descriptive Statistics for Continuous Variables in Model 1
Variable
ELSr

Minimum
6.00E+12

Maximum

Mean

Std. Deviation

4.00E+14

9.18E+13

9.11E+13

6.21

32.50

11.06

3.76

MHI

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.09

GSP

23.65

1910.00

272.39

328.90

SEP

151,000.00

3,060,000.00

654,661.76

508,615.49

PBFr

0.00

243.30

13.96

30.36

LEEDr

0.00

721.00

32.09

90.66

18.00

306,935.00

17,456.36

41,535.24

Per

ENSTRr

The South region of the U.S. consumed the most electricity, 48% of total U.S. residential
electricity consumption, and had highest population. Although, the West and the Northeast
consumed the least residential electricity, approximately 17% and 12% respectively, these
regions had the highest levels of PBFr funding. Almost 43% of the PBFr funds were in the West
region while 27% were in the Northeast region of the U.S. The South led in SEP funding,
followed by Midwest, Northeast and the West. Despite the fact that some utilities failed to report
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their PBF dollar amounts to CEE, the mean funding for SEP programs was less than 5% of PBF
funding for the residential sector.
The mean of the number of LEED residential buildings was less than 1% of the mean of
the number of ENERGY STAR residential buildings, suggesting that ENERGY STAR could
have a greater impact on residential electricity consumption. Approximately, 39% of the
ENERGY STAR residential buildings were located in the West, closely followed by 38% in the
South. The West also led in LEED residential buildings by accounting for 40% of LEED
residential buildings, with the South accounting for 29%.
Notably, was the non-normal nature of some of the variables as indicated in their high
skewness values, greater than +1 or less than -1. This non-normality was also observed in the
associated probability curves and histograms. In order to minimize the impact of this non-normal
data, all the ACEEE score variables were all converted to dummy variables and used, instead of
their original untransformed values.
In regression analysis, the normality of the dependent variable is of great interest. The
dependent variable, ELSr demonstrated slight non-normality characteristics in its probability
curves, histograms, kurtosis and skewness statistics. A decision to transform the data using the
natural logarithm function did not yield any significant improvement. Although the R2 increased,
there were no significant variables suggesting the incidence of excessive multicollinearity
(Gujarati, 1995). Hence, the decision was made to utilize the original, untransformed variables as
they produced some results that were in conformance to the theoretical basis of the study. The
second reason for ignoring this slight deficiency was because the generalized least squares
(GLS), which is the standard estimating technique for the panel data regression is one of the best

133
estimators for non-normal data. Thirdly, the residual analysis results showed normal histograms,
probability and Q-Q plots.
Multicollinearity was observed among POP, GSP, SEP and PBFr as indicated by
correlations exceeding 0.8 and/or VIF numbers exceeding 10. Again, logarithm transformations
did not yield any significant improvements to the models, and so the untransformed variables
were used. In situations that the effect of multicollinearity in the model was excessive, the SAS
program itself terminated the coefficients and / or p-values associated with the variable of
concern. Although, some of the variables with multicollinearity characteristics could have been
left out, that could pose a possible problem of model mis-specification (Gujarati, 1995).
Variables with high levels of multicollinearity may be left in a regression model, if the purpose
of the model is not to estimate but to identify the significant predictors (Gujarati, 1995), as is the
objective of this study.
Regression Analysis
The one-way random effect regression analysis produced three different SAS reports. The
first one was for the partial model (with only contextual factors), the second for the full model
(all independent variables) and then a final or nested model with only the selected variables
which qualified as the best predictors of residential electricity consumption. In consideration of
the fact that this study included time-invariant variables, the fixed effects test was inappropriate
(Beck, 2004). Regardless, the Hausman test was necessary to confirm that the random effect was
appropriate for this data set. It must be noted here that the time-invariant variables had to be
taken out of the model, before the SAS software could produce results for the Hausman test. The
Hausman test was inconclusive as it was significant (m = 20.38, p = 0.0258), and so this study
proceeded to use the one-way random effect model (Beck, 2004).
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After the initial run of the full model, variables with high p-values and/or with minimum
impact on the R-squared value were eliminated using a backward method. This yielded a final or
nested model with relatively fewer variables, more significant variables with lower p-values,
higher R-square values, higher t values, and lower root MSE values. Tables 3 and 4 show the fit
statistics and the parameter estimates for Model 1.
Table 6
Fit Statistics for Model 1

SSE

1.196626E27

DFE

194

MSE

6.168177E24

Root MSE

2.483581E12

R-Square

0.7287
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Table 7
Parameter Estimates for Model 1

Variable

Estimate

Standard Error

t Value

Intercept

-1.48E13

8.463E12

-1.75

MHI

POP

GSP

SEP

PBFr

LEEDr

ENSTRr

MIDWEST

2.2191E8

13,158,893.00

-2.99E10

6,019,892.00

-1.03E11

2.4999E9

20,879,761.00

Pr > |t|

0.0819*

95,810,498.00

2.32

0.0216**

1,115,862.00

11.79

<.0001***

-1.47

0.1432

2.035E10

1,379,558.00

2.809E10

3.0411E9

37,046,908.00

4.36

<.0001***

-3.66

0.0003***

0.82

0.4121

0.56

0.5737

1.692E13

1.006E13

1.68

0.0941*

SOUTH
5.578E13
*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

9.098E12

6.13

<.0001***
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The regression equation that permitted the prediction of residential electricity
consumption from the original units of the independent variables was written as:
ELSr =

-1.48E13 + 2.2191E8 MHI + 13158893 POP – 2.99E10 GSP + 6,019,892 SEP
– 1.03E11 PBFr + 2.4999E9 LEEDr + 20,879,761 ENSTRr + 1.692E13
MIDWEST + 5.578 E13 SOUTH

(17)

Model 1 - Discussions
Predictor Variables (Significant at 0.01)
Population
As expected, the coefficient of population had a positive sign, indicating that with each
additional person annual electricity retail sales increases by 13,158,893 Btus. As previously
established in literature, each person needs electricity for cooling, heating, cooking and so an
increase in the number of people results in an increase in energy consumption. This is supported
by the descriptive statistics which indicated that the South with the highest regional population
utilized the most electricity in the U.S. residential buildings sector.
State Energy Program
Contrary to expectation, every dollar increase in the SEP funds allocated to U.S. states
was associated with an increase of 6,019,892 Btus of annual residential electricity sales. The
initial observation of this estimate suggested that the SEP funds result in an increase in electricity
consumption, and therefore does not have the expected impact of reducing electricity
consumption. Another argument could be made that the state SEP funds are not high enough, as
indicated by the descriptive analysis, to make an effective impact, especially when compared
with its highly funded PBFr counterpart (Wolman, 1981).
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However, a more critical look at the SEP program revealed that SEP funding to states
was allocated based on state energy consumption, suggesting that SEP depended on energy
consumption and not vice-versa, as was the assumption or the basis for this study. Since this
seems to be a flawed assumption, the SEP results were inconclusive. Future studies may have to
use a different indicator or measure, other than SEP funds, for measuring SEP program
implementation, and possibly lag the dependent variable in order to produce more accurate
results.
Public Benefits Funds
As expected, every dollar increase in the public benefits funds resulted in 102,874 Btus
decrease in annual electricity retail sales. This confirmed the fact that PBF programs continue to
have the expected impact on residential electricity consumption. Shaw (2009) had similar
conclusions, although her study focused on the impact of energy programs on total energy
consumption. The reason for this effectiveness could be because of the extensive amount of
funds invested into the program. As noted in the descriptive statistics, PBF program funding
levels were considerably higher than the SEP program funds. The findings could support the
claims by researchers that the level of funding should exceed a certain threshold in order to
achieve its desired objective (Wolman, 1981).
Census Region – South
The South census region had the greatest positive association with residential electricity
consumption. It was associated with an increase of 5.578E13 Btus of annual electricity retail
sales. This result was supported by the descriptive statistics for Model 1and the 2009 Residential
Energy Consumption Survey (RECS): Energy Consumption and Expenditures Tables. The 2009
RECS study (Table H.C. 1.7) revealed that the South utilized relatively more electricity when

138
compared with the other U.S. regions: almost 37% of U.S. electricity households were in the
South (EIA, 2011g). According to EIA (2011h), the 2005 RECS study (Table U.S. 3) indicated
that the South consumed the greatest amount of electricity (606 billion kWh), followed by the
Midwest which consumed 276 billion kWh of electricity. Also, the 2005 RECS study (Table
U.S. 9) showed that the South had the highest average site electricity consumption per household
of 50.8 million Btu, followed by the Midwest which recorded 36.8 million Btus per household
(EIA, 2011h).
Predictor Variables (Significant at 0.05)
Median Household Income
A one dollar increase in MHI resulted in an increase of 2.2191E8 Btus in ELSr.
Household consumption levels are limited by income levels as indicated in consumption theory,
and influenced by disposable income. Higher median household income suggests higher
disposable income, which could possibly lead to increases in electricity consumption. The results
support the alternate hypothesis that an increase in MHI increases the purchasing power of
consumers and consequently their electricity consumption in the residential building sector.
Predictor Variables (Significant at 0.1)
U.S. Census Region - Midwest
States in the Midwest were associated with an increase of 1.006E13 Btus of electricity
retail sales. This increase in electricity retail sales could be associated with the extreme climates
in the Midwest, the presence of older buildings, occupant behavior, building components, and
the extent of its dependence on electricity. The 2009 RECS: Energy Consumption and
Expenditures Tables (Table H.C. 1.7) revealed that almost 23% of electricity households were in
the Midwest (second only to the South) (EIA, 2011g). Also, the 2005 RECS study (Table U.S. 9)
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showed that the Midwest had the second highest average site electricity consumption per
household of 36.8 million Btus per household (EIA, 2011h).
Predictor Variables (Level of significance greater than 0.1)
Variables in this classification were retained in the model because their elimination either
reduced the R-squared or rendered a more significant variable insignificant. In Model 1, these
variables included GSP, LEED and ENERGY STAR.
The Coefficient of Determination (R2)
The final or nested model had an R2of 72.87%, indicating that the variables in this model
explained 72.87% of the relationship between the dependent and independent variables.
Compared to the partial model which had only the contextual variables, the final model
contributed an additional 8.6% over and above the R2 value of the partial model, which was
64.27%. This indicated that the energy programs in the final model, which are SEP, PBF, LEED
and ENERGYSTAR together contributed to 8.6% of the total impact on residential electricity
consumption.
Summary
There were 4 contextual variables (MHI, POP, MIDWEST and SOUTH) and 2 programs
(PBF and SEP) that had a statistically significant impact on residential electricity consumption.
The two significant programs, together with the insignificant LEED and ENERGY STAR
programs contributed to 8.6% of the impact on energy consumption, over and above the impact
from the contextual variables. MHI, POP, MIDWEST, SOUTH and SEP had a positive impact
on electricity consumption, while PBF had a negative impact on residential electricity
consumption. This statement was made with caution as there seems to be a flawed assumption
supporting the use of SEP funds as a measure of SEP program implementation rendering the SEP
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results inconclusive. PBF estimates support the notion that energy programs reduce residential
electricity consumption. With program implementation in perspective, it was observed that the
PBF program with relatively high levels of resource availability had a greater negative impact on
residential electricity consumption, while the less funded SEP program was rather associated
with a positive increase in electricity consumption.
The variables of no significant value to the final model include climate, price, building
codes (stringency), building codes (compliance), financial incentives, state lead by example
program, U.S. census region (Northeast) and U.S. census region (West). While Model 1 captured
the absolute value of residential electricity consumption, the more realistic measures of
electricity intensity were captured in Model 2, which had a dependent variable of residential
energy consumption per capita.
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Model 2 – Residential Electricity Consumption per Capita
The objective of Model 2 was to determine the significant predictors of residential
electricity intensity, and estimate the impact of energy programs over and above the impact of
contextual factors. The hypothesis for Model 2 is stated below:
Hypothesis 2
H2:

There are no statistically significant relationships among state residential electricity

consumption per capita, state energy programs and state contextual factors.
Descriptive Statistics
Table 8 showed the descriptive statistics for the continuous variables in this model.
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Table 8
Descriptive Statistics for Continuous Variables in Model 2

Variable

Minimum

Maximum

ELSr_POP

8,029,784.32

24,127,278.18

16,131,493.48

4,447,136.57

6.21

32.50

11.06

3.76

PEr

Mean

Std. Deviation

MHI

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.09

GSP

23.65

1910.00

272.39

328.90

SEP

151,000.00

3,060,000.00

654,661.76

508,615.49

PBFr

0.00

243.30

13.96

30.36

LEEDr

0.00

721.00

32.09

90.66

ENSTRr

18.00

306,935.00

17,456.36

41,535.24

With the exception of the dependent variable, the descriptive statistics and discussions for
Model 2 are similar to those of Model 1.
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Regression Analysis
The one-way random effect regression analysis produced three different SAS reports.
They were for the partial model (with only contextual factors), the full model (all independent
variables) and the nested or final model with a reduced number of selected variables which
qualified as the best predictors of residential electricity consumption per capita.
In consideration of the fact that this study included time-invariant variable, the fixed
effects test was inappropriate (Beck, 2004). Regardless, the Hausman test was necessary to
confirm that the random effect was appropriate for this data set. It must be noted here that the
time-invariant variables had to be taken out of the model, before the SAS software could produce
results for the Hausman test. The Hausman test was not significant (m = 13.87, p = 0.3829),
supporting the decision to adopt the one-way random effect model. After the initial run of the
model, variables with high p-values and/or with minimum impact on the R-squared value were
eliminated using a backward method. This yielded a nested or final model with relatively fewer
variables, higher t values, more significant variables with lower p-values, higher R-square
values, and lower root MSE values. Tables 9 and 10 showed the fit statistics and the parameter
estimates for Model 2.
Table 9
Fit Statistics for Model 2

SSE

2.472247E13

DFE

MSE

1.322057E11

Root MSE

R-Square

0.4337

187

363601.0597
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Table 10
Parameter Estimates for Model 2

Variable

D

Estimate

Standard Error

Intercept

1

6,052,993.00

3,030,908.00

2.00

PEr

1

-67,392.90

31,181.2

-2.16

0.0319**

MHI

1

54.83

3.91

0.0001***

SEP

1

3.98

<.0001***

MIDWEST

1

6,900,341.00

2,340,448.0

2.95

0.0036***

SOUTH

1

11,529,354.00

2,299,416.0

5.01

<.0001***

WEST

1

5,742,276.00

2,360,451.0

2.43

0.0159**

CL

1

740,665.40

1,283,115.0

0.58

0.5645

GSP

1

-2,498.07

2,905.2

-0.86

0.3910

PBFr

1

-6,245.80

4,242.3

-1.47

0.1426

BCSr

1

253,198.70

206,475.00

1.23

0.2216

BCC

1

131,861.70

145,544.00

0.91

0.3661

0.766994

14.0119

0.1928

t Value

Pr > |t|

0.0473**
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Table 10 continued

Variable

DEstimate

Standard Error

POP

1

SLE

1 -103,107.00

LEEDr

1

NORTHEAST

-0.03227

Pr > |t|

-0.21

0.8350

138,161.00

-0.75

0.4564

448.50

0.89

0.3756

1 2,040,879.00

2,392,338.00

0.85

0.3947

FII
1 108,835.50
*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

92,421.90

1.18

0.2405

398.3764

0.1547

t Value

The regression equation that permitted the prediction of residential electricity
consumption per capita from the original units of the independent variables can be written as:
ELSr_POP =

6,052,993 – 67,392.9 PEr + 54.83606 MHI + 0.766994 SEP + 6,900,341
MIDWEST + 11,529,354 SOUTH + 5,742,276 WEST + 740,665.4 CL –
2,498.07GSP – 6,245.8PBFr + 253,198.7 BCSr + 131,861.7 BCC –
0.03227POP – 103,107 SLE +398.3764 LEEDr + 2,040,879
NORTHEAST + 108,835.4 FII

(18)
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Model 2 - Discussions
Predictor Variables (Significant at 0.01)
Median Household Income
A one dollar increase in median household income resulted in an increase of 54.83606
Btus per capita. Again, as in Model 1, the MHI variable demonstrates that an increase in income
results in an increase in energy consumption, which is reflective even at the individual level and
supported by consumer theory.
State Energy Program
As in Model 1, SEP continued to have a positive and significant relationship with
electricity intensity in the residential sector. A dollar increase in the SEP funds allocated to U.S.
states was associated with an increase of 0.766994 Btus per capita of residential electricity sales.
These findings are inconclusive based on previous discussions in Model 1.
U.S. Census Regions (Midwest and South)
The Midwest and South, consistent with Model 1 were associated with an increase in
residential electricity consumption per capita. The South region had the highest positive
coefficient of 11,529,354 Btus per capita which is 4,629,013 Btus per capita higher than the
coefficient for the Midwest region, which had a coefficient of 6,900,341 Btus per capita. This
goes to establish the continued high dependence of the South and the Midwest on electricity,
although the overall impact of population has been removed in this model. Consequently, this
makes the South’s greater reliance on electricity compared to natural gas, a more plausible
explanation.
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Predictor Variables (Significant at 0.05)
Price of Residential Electricity
A one cent increase in the price of electricity in the residential sector results in a
reduction in electricity consumption per capita. Since the acquisition of electricity is associated
with price, an increase in price reduces the amount of electricity an individual can acquire,
assuming income levels and other factors were held constant. The negative coefficient sign is
consistent with demand curves in economic theory. The demand curve is used to estimate
consumer behaviors in competitive markets and they demonstrate that that when there is an
increase in the price of a commodity, there is a corresponding decrease in the quantity of the
commodity that a consumer is willing or able to acquire. This finding seems to support the
proposals made by several experts that the price of energy should be increased to control the use
of energy. Opponents of this strategy believe in competitive markets controlling the demand of
commodities.
U.S. Census Region – West
The West region of the U.S. was associated with an increase of 5,742,276 Btus per capita.
Although, this coefficient is significant, it is lower than the impact from the South and the
Midwest.
Predictor Variables (Level of significance greater than 0.1)
Variables in this classification were retained in the model because their elimination either
reduced the R2 or rendered a more significant variable insignificant. In model 2, these variables
included GSP, LEEDr, PBFr, BCSr, BCC, POP, SLE, NORTHEAST and FII. Although, not
significant, it must be noted that POP, SLE, GSP and PBF resulted in a reduction in electricity
intensity, while the rest of the other variables resulted in an increase in intensity.
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Coefficient of Determination (R2)
The final model had an R2 of 43.37%, indicating that the variables in this model
explained 43.37% of the relationship between the dependent and independent variables. The
contribution of the independent variables to the model is significantly smaller than the impact in
Model 1 (72.87%). Compared to the partial model which had only the contextual variables, the
final model contributed an additional 8.84% over and above the R2 value (34.53) of the partial
model. Although all the selected energy programs variables contributed to this R2 change, none
of the energy programs with the exception of SEP was significant. It must be noted that PBFr
had a negative impact on electricity consumption per capita, but this was not significant
(p=0.1426).
Summary
There were five contextual variables (PEr, MHI, South, Midwest and West) and one
program (SEP) that had a statistically significant impact on residential electricity consumption
per capita. SEP, together with the other non-significant programs contributed to 8.84% of the
impact on electricity consumption per capita, over and above the impact from the contextual
variables. MHI, Midwest, South, West and SEP had a positive impact on ELSr_POP, while the
PEr had a negative impact on ELSr_POP. Although, not statistically significant PBF continues to
have a negative coefficient demonstrating that the PBF program has a tendency to reduce
electricity consumption per capita. The variables of no significant value to the nested or final
model included CL, GSP, POP, BCSr, BCC, FII, SLE, Northeast and LEEDr.
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Model 3 – Commercial Electricity Consumption
The objective of Model 3 was to determine the significant predictors of commercial
electricity consumption, and estimate the impact of energy programs over and above the impact
of contextual factors. The hypothesis for Model 3 is stated below:
Hypothesis 3
H3:

There are no statistically significant relationships among state commercial electricity

consumption, state energy programs and state contextual factors.
Descriptive Statistics
Table 11 showed the descriptive statistics for the continuous variables in this model.
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Table 11
Descriptive Statistics for Continuous Variables in Model 3

Variable

Minimum

ELSc

6.80E+12

PEc

5.14

MHI

Maximum

4.27E+14

Mean

Std. Deviation

8.83E+13

9.06E+13

29.72

9.65

3.46

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.08

GSP

23.65

1910.00

272.39

328.90

SEP

151,000.00

3,060,000.00

654,661.76

508,615.49

PBFc

0.00

474.00

22.83

63.989

LEEDc

0.00

638.00

40.62

66.24

ENSTRc

0.00

3,495.00

182.07

396.90

The South continued to lead in most of the measures of the independent variables for this
study, closely followed by the West and the Midwest. The South consumed over 42% of U.S.
commercial electricity, while the Northeast consumed only about 16%. It was interesting to
observe that the 2 lowest commercial electricity consuming regions, the Northeast (16%) and the
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West (19%), made the 2 highest contributions to overall U.S. PBFc funding, about 32% and 50%
respectively. On the other hand, the South and the Midwest were the 2 highest commercial
electricity consuming regions, but were associated with the two lowest contributions to overall
PBFc funding, about 6% and 11% respectively. A clear trend of a negative association between
PBFc and ELSc seems to be emerging. Despite the fact that some utilities failed to report their
PBF dollar amounts to CEE, the mean funding for SEP programs was about 3% of PBFc funding
for the commercial sector.
Thirty-four percent (34%) of all U.S. LEEDc buildings and 37% of all U.S. ENSTRc
buildings were located in the West, which led in energy efficient buildings, closely followed by
the South. The mean of LEEDc was about 22% of ENSTRc, an improvement from the
residential sector.
Notably, was the non-normal nature of some of the variables as indicated in their high
skewness values, greater than +1 or less than -1. This non-normality was also observed in the
associated probability curves and histograms. In order to minimize the impact of this non-normal
data, all the ACEEE score variables were converted to dummy variables and used, instead of
their original untransformed values.
In regression analysis, the normality of the dependent variable is of great interest. The
dependent variable, ELSc demonstrated slight non-normality characteristics in its probability
curves, histograms, kurtosis and skewness statistics. A decision to transform the data using the
natural logarithm function did not yield any significant improvement. Although the R2 increased,
there were no significant variables suggesting the incidence of excessive multicollinearity
(Gujarati, 1995). Hence, the decision was made to utilize the original, untransformed variables as
they produced some results that were in conformance to the theoretical basis of the study. The
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second reason for ignoring this slight deficiency was because the generalized least squares
(GLS), which is the standard estimating technique for the panel data regression is one of the best
estimators for non-normal data. Thirdly, the residual analysis results showed normal histograms,
probability and Q-Q plots.
Multicollinearity was observed among POP, GSP, SEP and PBFc as indicated by
correlations exceeding 0.8 and/or VIF numbers exceeding 10. Again, natural logarithm
transformations did not yield any significant improvements to the models, and so the original,
untransformed variables were used. In situations that the effect of multicollinearity in the model
was excessive, the SAS program terminated the coefficients and / or p-values associated with the
variable of concern, by itself. Although, some of the variables with multicollinearity
characteristics could have been left out, that could pose a possible problem of model misspecification (Gujarati, 1995). Variables with high levels of multicollinearity may be left in a
regression model, if the purpose of the model is not to estimate but to identify the significant
predictors (Gujarati, 1995), as is the objective of this study.
Regression Analysis
The one-way random effect regression analysis produced three different SAS reports: (1)
the partial model (with only contextual factors); (2) the full model (all independent variables);
and (3) a nested or final model with a reduced number of selected variables which qualified as
the best predictors of commercial electricity consumption. In consideration of the fact that this
study included time-invariant variables, the fixed effects test was inappropriate (Beck, 2004).
Regardless, the Hausman test was necessary to confirm that the random effect was appropriate
for this data set. It must be noted here that the time-invariant variables had to be taken out of the
model, before the SAS software could produce results for the Hausman test. The Hausman test
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was inconclusive as it was significant (m = 247.66, p < 0.0001), and so this study proceeded to
use the one-way random effects model.
After the initial run of the full model, variables with high p-values and/or with minimum
impact on the R2 value were eliminated using a backward method. This yielded a final or nested
model with relatively fewer variables, higher t values, more significant variables with lower pvalues, higher R2 values, and lower root MSE values. Tables 9 and 10 show the fit statistics and
the parameter estimates for Model 3.
Table 12
Fit Statistics for Model 3

SSE

2.000217E27

DFE

194

MSE

1.03104E25

Root MSE

3.210981E12

R-Square

0.9300
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Table 13
Parameter Estimates for Model 3

t Value

Pr > |t|

Variable

D

Intercept

1

-3.5E11

1.264E13

-0.03

0.9779

PEc

1

-5.57E11

2.649E11

-2.10

0.0367**

MHI

1

1.1725E8

2.19

0.0298**

10.77

<.0001***

POP

Estimate

Standard
Error

2.5662E8

12,322,169.00
1

GSP

1

3.059E10

PBFc

1

LEEDc

1

SOUTH

1

CL

1

SEP

1501,781.5

1,143,922.00

2.433E10

1.26

-6.81E10

2.239E10

-3.04

0.0027***

-1.65E10

7.9E9

-2.09

0.0376**

1.943E13

-3.1E12

*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

0.2102

5.715E12

3.40

5.442E12

-0.57

0.5701

0.26

0.7934

1,913,171.0

0.0008***
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The regression equation that permitted the prediction of commercial electricity
consumption from the original units of the independent variables can be written as:
ELSc =

-3.5E11 - 5.57E11PEc + 2.5662E8MHI + 12,322,169POP + 3.059E10GSP –
6.81E10 PBFc - 1.65E10 LEEDc + 1.943 E13 SOUTH – 3.1E12 CL +
501,781.5 SEP

(19)

Model 3 Discussions
Predictor Variables (Significant at 0.01)
Population
In the commercial sector, each additional person requires electricity for cooling, heating,
operating computers and other equipment, among many others. As expected, the coefficient of
population had a positive sign, indicating that with each additional person annual electricity retail
sales increases by 12,322,169 Btus, slightly lower than the residential sector. This suggests that
with regard to the impact of population, the commercial sector seemed to be more efficient. This
corroborates with the descriptive statistics which showed that the South, which had the highest
population, also had the highest commercial electricity retail sales.
Public Benefits Funds
In the commercial sector, each PBFc dollar increase results in a decrease of 68,100.1
Btus of commercial electricity consumption. This is slightly lower than the PBFr impact on
residential electricity consumption, seeming to suggest that PBFr has a greater impact. Model 3
seemed to be in support of the preliminary trend that is rising in this study which associated PBF
programs with reduced electricity consumption. This trend corroborated with the descriptive
statistics for Model 3, which showed that the states with lower electricity consumption had
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greater PBFc funding amounts. As noted in previous discussion, this could be a result of the
relatively extensive financial resources available to the PBF program.
Census Region – South
Out of the 4 census regions, the Southern region had the highest and most significant
association with commercial electricity retail sales. It was associated with an increase of
1.943E13 Btus of ELSc. In addition to the descriptive statistics for Model 3, a closer look at the
2003 Commercial Buildings Energy Consumption Survey (CBECS): Energy Consumption and
Expenditures Tables (Table C15.A) indicated that these study results corroborated with the
relatively high consumption of electricity observed in the South. This 2003 CBECS study
revealed that the South utilized the highest quantity of electricity (452 billion kWh) in 2003,
while the Northeast used the least amount of electricity (172 billion kWh) (EIA, 2006). Since
there was a positive correlation between population and electricity consumption, the South effect
could be associated with its high population. According to EIA (2006), the South also had the
largest amount of buildings (26,017 million square feet) and the highest electricity intensities
(17.4kWh per square foot). Primarily, commercial buildings in the South used electricity to meet
their cooling, lighting, office equipment, refrigeration and space heating needs.
Predictor Variables (Significant at 0.05)
Price of Commercial Electricity
Although, price was not significant in Model 1 for residential consumption, a one cent
increase in the price of electricity in the commercial sector resulted in a reduction in a
5.57E11Btu reduction in commercial electricity retail sales. The fact that the residential sector
was less sensitive to the impact of price could be explained by the more disciplined occupant
behavior and the strict business nature of the commercial sector, compared to the more social and
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relaxed nature of residential occupants. The decrease in electricity consumption associated with
the electricity price increases is consistent with demand curves in economic theory, which
predict a decrease in consumption when there is an increase in the price of a commodity, all
things remaining the same. Although, these findings seem to support the proposition made by
several experts that energy price should be regulated to energy consumption, price control by
competitive markets is generally preferred.
Median Household Income
In Model 3, MHI was a proxy for measuring individual wealth. A one dollar increase in
MHI resulted in an increase of 2.5662E8 Btus in electricity retail sales. This supports the
alternate hypothesis that an increase in individual wealth is associated with higher living
standards and demands for comfort, which could even be evident in the commercial sector. This
conclusion is supported by consumer theory, as well as the findings from Models 1 and 2.
LEEDc
Model 3 indicated that an increase of one LEEDc building resulted in a decrease of
1.65E10Btus of commercial sector electricity sales. With the emphasis of energy conservation in
the design and use of LEED commercial buildings, the direction and value of the coefficient for
this variable could provide preliminary support to the fact that LEED buildings could lead to
increased energy efficiency.
Predictor Variables (Significant at 0.1)
There were no predictor variables in this category in Model 3
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Predictor Variables (Level of significance greater than 0.1)
Variables in this classification were retained in the model because their elimination either
reduced the R-squared or rendered a more significant variable insignificant. In model 3, these
variables included GSP, CL and SEP.
Coefficient of Determination (R2)
The final or nested model had an R2 of 93 %, indicating that the variables in this model
explained 93% of the relationship between the dependent and independent variables. Compared
to the partial model which had only the contextual variables, the final model contributed an
additional 4.88% over and above the 88.12% R-square value of the partial model. This does
indicate that the energy programs in the final model, which are SEP, PBF and LEED together
contributed to 4.88% of the total impact on commercial energy consumption.
Summary
There were 4 contextual variables (price, median household income, population and
South) and two programs (PBF and LEED) that had a statistically significant impact on
electricity consumption. The two significant programs, together with the less significant SEP
program contributed to 4.88% of the impact on commercial electricity consumption, over and
above the impact from the contextual variables. MHI, POP, GSP, South and SEP had a positive
impact on energy consumption, while PBF, LEED and Cl had a negative impact on commercial
electricity consumption. PBF and LEED estimates support the notion that some energy programs
reduce commercial electricity consumption. Descriptive Statistics and CBECS data corroborate
with findings associated with the U.S. census regions. With program implementation in
perspective, it was observed that the program implementation dimensions of ‘resource
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availability’ and ‘dosage’ had a strong relationship with program success, as indicated by the
negative coefficients for PBF and LEED.
While Model 3 captured the absolute value of commercial electricity consumption, the
more realistic measures of energy intensity were captured in Model 4, which had a dependent
variable of commercial electricity consumption per GSP.
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Model 4 – Commercial Electricity Consumption per Gross State Product
The objective of Model 4 was to determine the significant predictors of commercial
electricity intensity, and estimate the impact of energy programs over and above the impact of
contextual factors. The hypothesis for Model 4 is stated below:
Hypothesis 4
H4:

There are no statistically significant relationships among state commercial electricity

consumption per GSP, state energy programs and state contextual factors.
Descriptive Statistics
Table 14 showed the descriptive statistics for the continuous variables in this model
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Table 14
Descriptive Statistics for Continuous Variables in Model 4

Variable

ELSc_GDP

Minimum

Maximum

Mean

Std. Deviation

168.08

540.89

349.57

82.08

5.14

29.72

9.65

3.46

MHI

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.08

GDP

23.65

1910.00

272.39

SEP

151,000.00

3,060,000.00

654,661.76

PBFc

0.00

474.00

22.83

63.989

LEEDc

0.00

638.00

40.62

66.24

ENSTRc

0.00

3,495.00

182.07

396.90

PEc

328.898

508,615.49

The descriptive statistics and discussions for Model 4 are similar to those of Model 3,
with the exception of the dependent variable.
Notably, was the non-normal nature of some of the variables as indicated in their high
skewness values, greater than +1 or less than -1. This non-normality was also observed in the
associated probability curves and histograms. In order to minimize the impact of this non-normal
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data, all the ACEEE score variables were converted to dummy variables and used, instead of
their original untransformed values.
In regression analysis, the normality of the dependent variable is of great interest. The
dependent variable, ELSc_GSP fell within the normal ranges when tests of normality such as
kurtosis and skewness statistics were performed. The residual analysis results produced normal
histograms, probability and Q-Q plots.
Multicollinearity was observed among POP, GSP, SEP and PBFc as indicated by
correlations exceeding 0.8 and/or VIF numbers exceeding 10. Again, natural logarithm
transformations did not yield any significant improvements to the models, and so the original,
untransformed variables were used. In situations that the effect of multicollinearity in the model
was excessive, the SAS program terminated the coefficients and / or p-values associated with the
variable of concern, by itself. Although, some of the variables with multicollinearity
characteristics could have been left out, that could pose a possible problem of model misspecification (Gujarati, 1995). Variables with high levels of multicollinearity may be left in a
regression model, if the purpose of the model is not to estimate but to identify the significant
predictors (Gujarati, 1995), as is the objective of this study.
Regression Analysis
The one-way random effect regression analysis produced three different SAS reports: (1)
the partial model (with only contextual factors); (2) the full model (all independent variables);
and (3) a nested or final model with a reduced number of selected variables which qualified as
the best predictors of commercial electricity consumption per GSP. In consideration of the fact
that this study included time-invariant variables, the fixed effects test was inappropriate (Beck,
2004).
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Regardless, the Hausman test was necessary to confirm that the random effect model was
appropriate for this data set. It must be noted here that the time-invariant variables had to be
taken out of the model, before the SAS software could produce results for the Hausman test. The
Hausman test was not significant (m = 1.98, p = 0.998), supporting the decision to adopt the oneway random effect model. After the initial run of the model, variables with high p-values and/or
with minimum impact on the R-squared value were eliminated using a backward method. This
yielded a final model with relatively fewer variables, more significant variables with lower pvalues, higher R-square values, higher t values, and lower root MSE values. Tables 15 and 16
show the fit statistics and the parameter estimates for Model 4.
Table 15
Fit Statistics for Model 4

SSE

19651.8441

DFE

185

MSE

106.2262

Root MSE

10.3066

R-Square

0.5161
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Table 16
Parameter Estimates for Model 4

Variable

Estimate
D

Standard Error

t Value

Pr > |t|

Intercept

419.7712
1

62.7799

6.69

CL

-38.5245
1

24.9887

-1.54

0.1249

<.0001***

PEc

-2.73709
1

0.9534

-2.87

0.0046***

MHI

-0.00169
1

0.000393

-4.29

<.0001***

8.2558

-1.98

0.0495**

BCSc

-16.3262
1

FII

-4.97377
1

2.6345

-1.89

0.0606*

LEEDc

-0.13134
1

0.0454

-2.89

0.0043***

NORTHEAST

92.83881
1

46.9787

1.98

0.0496**

MIDWEST

134.7199
1

46.0187

2.93

0.0038***

SOUTH

143.0983
1

45.3870

3.15

0.0019***

WEST

131.6156
1

46.4991

2.83

0.0052***

ENSTRc

0.046401
1

0.0136

3.42

0.0008***

GSP

-0.45233
1

0.0917

-4.93

<.0001***

SEP

0.000022
1

6.49E-6

3.35

0.0010***

PBFc

0.0488
1

0.0764

0.64

0.5234

POP

0.000016
1

4.223E-6

3.77

0.0002***

SLE

1.338824
1

3.9878

0.34

0.7375

AS

-0.94361
1

5.9632

-0.16

0.8744

BCC

4.043723
1

3.8401

1.05

0.2937
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*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

The regression equation that permitted the prediction of commercial electricity
consumption per GSP from the original units of the independent variables can be written as:
419.7712 – 38.5245 CL – 2.73709 PEc – 0.00169 MHI – 16.3262 BCSc

ELSc_GSP =

- 4.97377 FII – 0.13134 LEEDc + 92.83881 + 134.7199 MIDWEST
+ 143.0983 SOUTH + 131.6156 WEST + 0.046401 ENSTRc
– 0.45233 GSP + 0.000022SEP + 0.048823 PBFc + 0.000016 POP
+ 1.338824 SLE – 0.94361 AS + 4.043723 BCC

(20)

Model 4 - Discussion
Predictor variables (Significant at 0.01)
Price of Commercial Electricity
A one cent increase in the price of electricity in the commercial sector resulted in a
reduction in commercial electricity consumption per GSP. A one cent increase in the price of
commercial electricity is associated with a decrease of 2.73 Btu / GSP. The price of electricity
continues to play a major role in the demand for energy, and is consistent with the demand curve
in economic theory as well as some of the other models in this study.
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Median Household Income
Contrary to expectation, a dollar increase in median household income resulted in a
decrease of 0.00169 Btus per GSP. There seems to be no theoretical explanation for this sudden
change in the sign for MHI. This presents some opportunities for additional research.
LEEDc
An increase of one LEEDc building was associated with a decrease of 0.13134 Btus per
GDP. The operation of LEED buildings demonstrates great potential to contribute significantly
to energy efficiency efforts in the commercial sector. Also, energy savings in economic activity
should lead to increased profits, which is essential for survival in today’s dynamic business
environment. The economic advantage resulting from the ownership of LEED buildings has been
publicized by energy efficiency advocates in the last decade, and could be one of the major
contributors to the recent increase in LEEDc buildings in the U.S. In the USGBC job study
conducted by Booz Allen Hamilton, it was confirmed that out of the $1.3 billion in energy
savings, LEED-certified buildings accounted for $281 million (USGBC, n.d.).
U.S. Census Regions (Northeast, Midwest, South and West)
All the census regions were significant, however the South had the largest positive
relationship of 143.0983 Btus per GSP, closely followed by the Midwest (134.7199 Btus per
GSP), then the West (131.6156 Btus per GSP), and lastly the Northeast (92.83881 Btus per
GSP). It must be noted that this seems to be the emerging trend regarding electricity
consumption in this study, when considering the U.S. Census regions.
Gross State Product
GSP was significant and had a negative relationship with electricity retail sales per GSP,
implying that an increase of 1 GSP dollar resulted in a decrease of 0.452 Btus per Billion GSP.
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ENERGY STAR Program
An increase of one ENSTRc building results in an increase in electricity retail sales per
GSP. This is contrary to the research hypothesis, and further studies may be needed to explore
and explain this finding. These results are inconclusive.
State Energy Program
As in the previous models, SEP has a positive relationship with electricity retails sales
per GSP. A dollar increase in SEP results in an increase of 0.000022 Btu/GSP.
Population
POP has a positive coefficient of 0.000016 Btus per GSP. This was contrary to
expectation as it was hypothesized that an increase in population would reduce energy intensity
based on the assumption that there would be an increase in shared facilities, reducing the amount
of energy used. This rationale if it had been right would have been similar to theories associated
with economies of scale. Whereas the expected negative sign was not obtained, the coefficient
was a very small positive number. Although, this result was not expected in this model, POP
maintained its usual trend of increasing electricity consumption.
Predictor Variables (Significant at 0.05)
Building Codes - Stringency
The presence of stringent building codes was associated with a decrease of 16.32 Btus
per GSP in the commercial sector. This negative relationship met research expectations as the
energy building codes provide guidelines for energy efficient building design. Although, BCS
was significant in the commercial sector, it was not significant in the residential sector, raising
questions regarding the difference in program outcome. The patterns of occupant behavior and
facility operations are as important as the initial design of a facility. In view of the fact that
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commercial buildings have more formal and structured buildings operation and maintenance, it is
not surprising that the commercial sector seems to have been a greater beneficiary of energy
buildings codes, compared to the residential sector.
Financial Incentives Program
The presence of FII was associated with a decrease of 4.97377Btus per GSP. The
commercial sector has benefited from financial incentives programs, and these results affirm the
effectiveness of the FII program.
Predictor Variables (Level of significance greater than 0.1)
Variables in this category were retained in the model because their elimination either
reduced the R2 or rendered a more significant variable insignificant. In model 4, these variables
included SLE, AS, GSP, PBFc and BCC. It must be noted that though not significant, GSP and
the AS program had negative coefficients, while PBF, SLE, BCC had positive coefficients. The
findings associated with the PBF and GSP variables are inconclusive as the SAS program did not
produce corresponding p or t values, suggesting the possible presence of multicollinearity, as
previously discussed, was large enough to affect the overall model.
Coefficient of Determination (R2)
The final model had an R2 of 51.61%, indicating that the variables in this model
explained 51.61% of the relationship between the dependent and independent variables. The
contribution of the independent variables to Model 4 is smaller compared to Model 3. Compared
to the partial model which had only the contextual variables, the nested or final model
contributed an additional 9.10% over and above the R-square value (42.51%) of the partial
model. The programs that contributed to this R2 are BCSc, FII, LEEDc, ENSTRc, SEP, SLE,
AS, PBFc and BCC.
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Summary
There were eight contextual variables (price, median household income, Northeast,
Midwest, South, West, GSP and population) and five programs (BCSc, FII, LEEDc, ENSTRc
and SEP) that had a statistically significant impact on commercial electricity retails sales per
GSP. The statistically significant programs (BCSc, FII, LEEDc, ENSTRc and SEP), together
with the other non-significant programs (SLE, AS, PBFc and BCC) contributed to 9.10% of the
impact on electricity consumption per GSP, over and above the impact from the contextual
variables. The four U.S. Census regions, population, ENSTRc and SEP had a positive impact on
energy consumption. The programs with a negative impact on energy consumption included the
price of electricity, median household income, BSCc, FII and LEEDc. The non-significant
variables in Model 4 included CL, GSP, PBFc, SLE, AS and BCC.
Models 1 to 4 identified the predictors of electricity consumption and intensities for the
residential and commercial sectors separately. The next three models, models 5 to 5 focused on
the buildings sector, which is a combination of the residential and commercial sectors.
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Model 5 – Buildings Electricity Consumption
The objective of Model 5 was to determine the significant predictors of buildings
electricity consumption, and to predict the impact of energy programs on buildings electricity
consumption over and above the impact of contextual factors. The hypothesis for Model 5 is
stated below:
Hypothesis 5
H5:

There are no statistically significant relationships among state buildings electricity

consumption, state energy programs and state contextual factors.
Descriptive Statistics
Table 17 showed the descriptive statistics for the continuous variables in this model

171
Table 17
Descriptive Statistics for Continuous Variables in Model 5

Variable

Minimum

Maximum

Mean

ELSb

1.40E+13

8.47E+14

1.80E+14

1.79E+14

31.11

10.36

3.59

PEb

5.68

Std. Deviation

MHI

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.08

GDP

23.65

1910.00

272.39

SEP

151,000.00

3,060,000.00

654,661.76

328.898

508,615.49

PBFb

0.00

702.70

36.7946

92.985

LEEDb

0.00

1,355.00

72.72

143.19

27.00

308,733.00

17,638.43

41,789.10

ENSTRb

Consistent with previous models, the South led in POP, SEP and ELSb; while the West
led in PBFb, LEEDb and ENSTRb. Also, the regions with the lower ELSbs seemed to have high
PBFbs, suggesting and inverse relationship between ELSb and PBFb; and the regions with the
higher POPs had higher ELSbs, suggesting a direct relationship between ELSb and POP. The
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mean of LEED buildings was less than 1% of Energy Star buildings. Despite the fact that some
utilities failed to report their PBF dollar amounts to CEE, the mean funding for SEP programs
was less than 2% of the mean of PBF funding for the buildings sector.
Notably, was the non-normal nature of some of the variables as indicated in their high
skewness values, greater than +1 or less than -1. This non-normality was also observed in the
associated probability curves and histograms. In order to minimize the impact of this non-normal
data, all the ACEEE score variables were all converted to dummy variables and used, instead of
their original untransformed values.
In regression analysis, the normality of the dependent variable is of great interest. The
dependent variable, ELSb demonstrated slight non-normality characteristics in its probability
curves, histograms, kurtosis and skewness statistics. A decision to transform the data using the
natural logarithm function did not yield any significant improvement. Although the R2 increased,
there were no significant variables suggesting the incidence of excessive multicollinearity
(Gujarati, 1995). Hence, the decision was made to utilize the original, untransformed variables as
they produced some results that were in conformance to the theoretical basis of the study. The
second reason for ignoring this slight deficiency was because the generalized least squares
(GLS), which is the standard estimating technique for the panel data regression is one of the best
estimators for non-normal data. Thirdly, the residual analysis results showed normal histograms,
probability and Q-Q plots.
Multicollinearity was observed among POP, GSP, SEP and PBFr as indicated by
correlations exceeding 0.8 and/or VIF numbers exceeding 10. Again, logarithm transformations
did not yield any significant improvements to the models, and so the untransformed variables
were used. In situations that the effect of multicollinearity in the model was excessive, the SAS
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program itself terminated the coefficients and / or p-values associated with the variable of
concern. Although, some of the variables with multicollinearity characteristics could have been
left out, that could pose a possible problem of model mis-specification (Gujarati, 1995).
Variables with high levels of multicollinearity may be left in a regression model, if the purpose
of the model is not to estimate but to identify the significant predictors (Gujarati, 1995), as is the
objective of this study.
Regression Analysis
The one-way random effect regression analysis produced three different SAS reports. The
first one was for the partial model (with only contextual factors), the second for the full model
(all independent variables) and then a final or nested model with only the selected variables
which qualified as the best predictors of residential electricity consumption. In consideration of
the fact that this study included time-invariant variables, the fixed effects test was inappropriate
(Beck, 2004). Regardless, the Hausman test was necessary to confirm that the random effect was
appropriate for this data set. It must be noted here that the time-invariant variables had to be
taken out of the model, before the SAS software could produce results for the Hausman test. The
Hausman test was inconclusive as it was significant (m = 44.76, p < 0.0001), and so this study
proceeded to use the one-way random effect model.
After the initial run of the model, variables with high p-values and/or with minimum
impact on the R2 value were eliminated using a backward method. This yielded a final model
with relatively fewer variables, more significant variables with lower p-values, higher R-square
values, higher t values, and lower root MSE values. The original SAS reports are found in
Appendix B. Tables 18 and 19 show the fit statistics and the parameter estimates for Model 1.
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Table 18
Fit Statistics for Model 5

SSE

4.777034E27

DFE

196

MSE

2.437262E25

Root MSE

4.936864E12

R-Square

0.8549
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Table 19
Parameter Estimates for Model 5

Variable

Estimate

D

Intercept

-7.83E12

MHI

1

POP

24.970,535.0
1

SOUTH

SEP

1

3.4271E8

7.017E13

9,561,446.00
1

PBFb

1 -9.88E10

ENSTRb

1

1.2434E8

PEb
1 -5.43E11
*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

Standard Error

t Value

1.256E13

-0.62

0.5336

1.8474E8

1.86

0.0651*

26.61

<.0001***

6.22

<.0001***

3.96

0.0001***

-4.30

<.0001***

1.93

0.0545*

-1.31

0.1913

938,225.0

1.127E13

2,411,989.0

2.296E10

64,285,225.0

4.141E11

Pr > |t|

The regression equation that permitted the prediction of buildings electricity consumption
from the original units of the independent variables can be written as:
ELSb =

-7.83E12 + 3.4271E8MHI + 24,970,535POP + 7.017E13 SOUTH
+ 9,561,446 SEP – 9.88E10 PBFb + 1.2434E8 ENSTRb – 5.43E11PEb

(21)
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Model 5 Discussions
Predictor Variables (Significant at 0.01)
Population
As expected, the coefficient of population had a positive sign, indicating that with each
additional person annual electricity retail sales increases by 24,970,535 Btus. As previously
discussed, people need electricity to live comfortably in the U.S. Typical end use of electricity
include heating, cooling, water heating, refrigeration, lighting, cooking and equipment operation.
Census Region – South
The Southern region was associated with an increase of 7.017E13 Btus of electricity
retail sales. As observed in the previous models, the South has large populations, higher
electricity intensities and extensive cooling needs which could be reasons for its high electricity
consumption relative to other states.
State Energy Program
Following previous results from other models, SEP was associated with an increase in
electricity consumption. One dollar of SEP funds resulted in an increase of 9561446 Btus of
buildings electricity consumption. These results were contrary to the research hypothesis and
should be interpreted with caution. The results, although reported are inconclusive, and further
studies are needed to substantiate these findings.
Public Benefits Funds
As already demonstrated from previous models in this study, an increase in PBFb
continued to be associated with a decrease in electricity consumption. Every dollar increase in
the PBFb resulted in 98,812.9 Btus decrease in electricity retail sales.
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Predictor Variables (Significant at 0.05)
There were no predictor variables in this category for Model 5.
Predictor Variables (Significant at 0.1)
Median Household Income
A dollar increase in median household income resulted in an increase of 3.4271E8 Btus
in electricity retail sales consumption in the buildings sector. This supported the alternate
hypothesis that an increase in median household income increases the purchasing power of
consumers and consequently their energy consumption levels. Purchasing power is especially
important in electricity consumption, as electricity is more expensive compared to natural gas,
the main alternative to electricity. Also, an increase in median household income results in
improved living conditions, which is usually positively related with energy consumption. These
conclusions are substantiated by consumer theory that an increase in income levels tends to
increase the willingness and capacity of consumers to acquire additional commodities.
ENERGY STAR Program
In conflict with theories proposed by advocates of this program, an increase of one
Energy Star building resulted in an increase of 1.2434E8 Btus of electricity retail sales. There
seems to be no reasonable explanation for this finding, and further studies on this issue is
recommended. As such, although, these findings are reported, they are deemed to be
inconclusive.
Predictor Variables (Level of significance greater than 0.1)
Variables in this classification were retained in the model because their elimination either
reduced the R-squared or rendered a more significant variable insignificant. In model 5, these
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variables included the price of electricity. It must be noted that although not significant
(p=0.1913), price retained its negative relationship with electricity consumption.
Coefficient of Determination (R2)
The final model had R2 of 85.49%, indicating that the variables in this model explained
85.49% of the relationship between the dependent and independent variables. Compared to the
partial model which had only the contextual variables, the final or nested model contributed an
additional 7.58% over and above the 77.91% R-square value of the partial model. This does
indicate that the energy programs in the final model, which are SEP, PBF and ENSTRb together
contributed to 7.58% of the total impact on residential energy consumption.
Summary
There were 3 contextual variables (MHI, POP and South) and three programs (PBFb,
SEP and ENSTRb) that had a statistically significant impact on buildings’ electricity
consumption. The three significant programs contributed to 7.58% of the impact on electricity
consumption, over and above the impact from the contextual variables. MHI, South, SEP and
ENERGY STAR had a positive impact on electricity consumption, while PBF had a negative
impact. The PBF results supported the notion that some energy efficiency programs reduce
electricity consumption. The price of electricity, though not statistically significant, had a
negative relationship with electricity retail sales. Although, Model 5 focused on the absolute
value of energy consumption, the more realistic measure of energy efficiency is energy intensity.
Model 6 adopted energy intensity as dependent variable and this was measured as buildings
electricity consumption per capita.
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Model 6 – Buildings Electricity Consumption per Capita
The objective of Model 6 was to determine the significant predictors of buildings
electricity intensity, and predict the impact of energy programs over and above the impact of
contextual factors. The hypothesis for Model 6 is stated below:
Hypothesis 6
H6:

There are no statistically significant relationships among state buildings electricity

consumption per capita, state energy programs and state contextual factors.
Descriptive Statistics
Table 20 showed the descriptive statistics for the continuous variables in this model
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Table 20
Descriptive Statistics for Continuous Variables in Model 6

Variable

ELSb_POP

PEb

Minimum

Maximum

16,986,082.22

5.68

66,847,541.56

31.11

Mean

32,155,596.946

10.36

Std. Deviation

8,140,416.85

3.59

MHI

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.08

1910.00

272.39

328.90

151,000.00

3,060,000.00

654,661.76

PBFb

0.00

702.70

LEEDb

0.00

27.00

GDP

23.65

SEP

ENSTRb

508,615.49

36.7946

92.99

1,355.00

72.72

143.19

308,733.00

17,638.43

1,789.10

The descriptive statistics and discussions for Model 6 are similar to those of Model 5,
with the exception of the dependent variable.
Notably, was the non-normal nature of some of the variables as indicated in their high
skewness values, greater than +1 or less than -1. This non-normality was also observed in the
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associated probability curves and histograms. In order to minimize the impact of this non-normal
data, all the ACEEE score variables were all converted to dummy variables and used, instead of
their original untransformed values.
In regression analysis, the normality of the dependent variable is of great interest. The
dependent variable, ELSb demonstrated normality characteristics in its probability curves,
histograms, kurtosis and skewness statistics. Multicollinearity was observed among POP, GSP,
SEP and PBFb as indicated by correlations exceeding 0.8 and/or VIF numbers exceeding 10. The
logarithm function was used to transform the variables but it did not yield any significant
improvements to the models, and so the untransformed variables were used. In situations that the
effect of multicollinearity in the model was excessive, the SAS program itself terminated the
coefficients and / or p-values associated with the variable of concern. Although, some of the
variables with multicollinearity characteristics could have been left out, that could pose a
possible problem of model mis-specification (Gujarati, 1995). Variables with high levels of
multicollinearity may be left in a regression model, if the purpose of the model is not to estimate
but to identify the significant predictors (Gujarati, 1995), as is the objective of this study.
Regression Analysis
The one-way random effect regression analysis produced three different SAS reports. The
first one was for the partial model (with only contextual factors), the second for the full model
(all independent variables) and then a final or nested model with only the selected variables
which qualified as the best predictors of residential electricity consumption. In consideration of
the fact that this study included time-invariant variables, the fixed effects test was inappropriate
(Beck, 2004).
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Regardless, the Hausman test was necessary to confirm that the random effect was
appropriate for this data set. It must be noted here that the time-invariant variables had to be
taken out of the model, before the SAS software could produce results for the Hausman test. The
Hausman test was not significant (m = 3.83, p = 0.9929), supporting the decision to adopt the
one-way random effects model. After the initial run of the model, variables with high p-values
and/or with minimum impact on the R-squared value were eliminated using a backward method.
This yielded a final model with relatively fewer variables, more significant variables with lower
p-values, higher R-square values, higher t values, and lower root MSE values. Tables 21 and 22
show the fit statistics and the parameter estimates for Model 6.
Table 21
Fit Statistics for Model 6

SSE

9.465526E13

DFE

192

MSE

4.929961E11

Root MSE

702136.8442

R-Square

0.3705
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Table 22
Parameter Estimates for Model 6

Variable

Estimate
D

Standard Error

Intercept

20,741,259.00
1

2,631,573.0

7.88

<.0001***

62,639.2

-2.18

0.0302**

PEb

-136,800.00
1

t- Value

MHI

1 105.9499

27.0656

3.91

POP

1 -0.55568

0.3003

-1.85

GSP

1 4,780.00

SEP

1

PBFb

1.330548

5,717.5

0.4098

Pr > |t|

0.0001***

0.0658*

0.84

0.4041

3.25

0.0014***

-6596.59
1

3,979.2

-1.66

0.0990***

SLE

-200,525.00
1

248,737.0

-0.81

0.421

MIDWEST

8,715,641.00
1

2,663,372.0

3.27

0.0013***

16,167,897.00
1

2,485,814.0

6.50

<.0001***

7,379,246.00
1

2,720,978.0

2.71

0.0073***

738.4

0.67

0.5046

SOUTH

WEST

LEEDb

1 493.6499
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*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

The regression equation that permitted the prediction of residential electricity
consumption per capita from the original units of the independent variables can be written as:
20,741,259 – 136,800 PEb + 105.9499 MHI – 0.55568 POP + 4,780 GSP

ELSb_POP =

+1.330548 SEP– 6596.59 PBFb – 200,525 SLE + 8,715,641 MIDWEST
+16,167,897 SOUTH + 7379246 WEST + 493.6499 LEEDb

(22)

Model 6 Discussions
Predictor Variables (Significant at 0.01)
Median Household Income
A one dollar increase in median household income resulted in an increase of 105.9499
Btus per capita. With the exception of one model, the MHI variable continued to demonstrate a
strong positive relationship with buildings electricity consumption per capita.
State Energy Program
As in most of the previous models, SEP continued to have a positive and significant
relationship with electricity intensity in the buildings sector. Every dollar increase in the SEP
funds allocated to U.S. states was associated with an increase of 1.330548 Btus per capita.
U.S. Census Regions (South, Midwest and West)
The South, Midwest and West, consistent with some of the previous models were
associated with an increase in buildings electricity consumption per capita. The South region had
the highest coefficient of 16,167,897 Btus per capita. The Midwest and West census regions
have positive coefficients of 8,715,641 Btus per capita and 7,379,246 Btus per capita
respectively. These results are very consistent with EIAs publications that indicate the electricity
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consumption is highest in the South, followed by the Midwest, West and the Northeast region
(EIA, 1994; EIA, 2006).
Predictor Variables (Significant at 0.05)
Price of Electricity
A one cent increase in the price of electricity in the buildings sector resulted in a
reduction of 136800Btus per capita. The negative impact of price on electricity intensity is
consistent with economic theory and previous models in this study.
Predictor Variables (Significant at 0.1)
Population
Consistent with the research hypothesis, although population has a positive relationship
with electricity consumption, it has a negative relationship with intensity. The rationale is that
increased populations are usually associated the sharing of facilities which leads to the reduction
of energy used per person. This logic is consistent with the theories on economies of scale. It is a
concept that can be applied in this context to mean that there is a reduction in unit use of energy
as the populations increase.
Public Benefits Funds
The PBFb resulted in a reduction of 0.0066 Btus per capita, in support of conclusions
made about this program in previous models.
Predictor Variables (Level of significance greater than 0.1)
Variables in this classification were retained in the model because their elimination either
reduced the R2 or rendered a more significant variable insignificant. In model 6, these variables
included GSP, SLE and LEEDb.
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Coefficient of Determination (R2)
The final model had an R2 of 37.05%, indicating that the variables in this model
explained 37.05% of the relationship between the dependent and independent variables. The
contribution of the independent variables to the model was significantly smaller than the impact
in Model 5. Compared to the partial model which had only the contextual variables, the final
model contributed an additional 5.96% over and above the R-square value (31.09%) of the
partial model. SEP, PBFb, SLE and LEEDb contributed to this program impact, although SLE
and LEED were insignificant.
Summary
There were seven contextual variables (PEb, MHI, POP, GSP, MIDWEST, SOUTH and
WEST) and two programs (SEP and PBFb) that had a statistically significant impact on buildings
consumption per capita. SEP, PBFb, SLE and LEEDb contributed to 5.96% of the impact on per
capita electricity consumption. MHI, MIDWEST, SOUTH, WEST and SEP had a positive
impact on electricity consumption per capita, while PBFb, PEb and POP had a negative impact
on per capita consumption. The variables of no significant value to the final model included
SLE, LEED, and GSP.
Another electricity intensity indicator adopted for this study was buildings electricity
consumption per GSP. This was the dependent variable in Model 7.

187

Model 7 – Buildings Electricity Consumption per Gross State Product
The objective of Model 7 was to determine the significant predictors of buildings
electricity intensity, and estimate the impact of energy programs over and above the impact of
contextual factors. The hypothesis for Model 7 is stated below:
Hypothesis 7
H7:

There are no statistically significant relationships among state buildings electricity

consumption per GSP, state energy programs and state contextual factors.
Descriptive Statistics
Table 23 showed the descriptive statistics for the continuous variables in this model.
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Table 23
Descriptive Statistics for Continuous Variables in Model 7

Variable

Minimum

Maximum

Mean

Std. Deviation

ELSb_GSP

336.24

1242.89

725.46

222.66

PEb

5.68

31.11

10.36

3.59

MHI

34,733.00

68,059.00

49,846.81

7,591.60

POP

512,841.00

36,961,664.00

5,938,992.66

6,632,430.08

GDP

23.65

1910

272.39

328.898

SEP

151,000

3,060,000.00

654,661.76

508,615.49

PBFb

0

702.70

36.7946

92.985

LEEDb

0

1,355.00

72.72

143.19

ENSTRb

27

308,733.00

17,638.43

41,789.10

The descriptive statistics and discussions for Model 7 were similar to those of Model 5,
with the exception of the dependent variable.
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Notably, was the non-normal nature of some of the variables as indicated in their high
skewness values, greater than +1 or less than -1. This non-normality was also observed in the
associated probability curves and histograms. In order to minimize the impact of this non-normal
data, all the ACEEE score variables were all converted to dummy variables and used, instead of
their original untransformed values.
In regression analysis, the normality of the dependent variable is of great interest. The
dependent variable, ELSb_GSP normality characteristics in its probability curves, histograms,
kurtosis and skewness statistics. Multicollinearity was observed among POP, GSP, SEP and
PBFr as indicated by correlations exceeding 0.8 and/or VIF numbers exceeding 10. Again,
logarithm transformations did not yield any significant improvements to the models, and so the
untransformed variables were used. In situations that the effect of multicollinearity in the model
was excessive, the SAS program itself terminated the coefficients and / or p-values associated
with the variable of concern. Although, some of the variables with multicollinearity
characteristics could have been left out, that could pose a possible problem of model misspecification (Gujarati, 1995). Variables with high levels of multicollinearity may be left in a
regression model, if the purpose of the model is not to estimate but to identify the significant
predictors (Gujarati, 1995), as is the objective of this study.
Regression Analysis
The one-way random effect regression analysis produced three different SAS reports. The
first one was for the partial model (with only contextual factors), the second for the full model
(all independent variables) and then a final or nested model with only the selected variables
which qualified as the best predictors of residential electricity consumption. In consideration of
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the fact that this study included time-invariant variables, the fixed effects test was inappropriate
(Beck, 2004).
Regardless, the Hausman test was necessary to confirm that the random effect was
appropriate for this data set. It must be noted here that the time-invariant variables had to be
taken out of the model, before the SAS software could produce results for the Hausman test. The
Hausman test was not significant (m = 4.86, p = 0.9782), supporting the decision to adopt the
one-way random effect model. After the initial run of the model, variables with high p-values
and/or with minimum impact on the R-squared value were eliminated using a backward method.
This yielded a final model with relatively fewer variables, more significant variables with lower
p-values, higher R-square values, higher t values, and lower root MSE values. The original SAS
reports are found in Appendix B. Tables 24 and 25 show the fit statistics and the parameter
estimates for Model 7.
Table 24
Fit Statistics for Model 7

SSE

70470.4603

DFE

185

MSE

380.9214

Root MSE

19.5172

R-Square

0.5225
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Table 25
Parameter Estimates for Model 7

Variable

Estimate

Intercept

726.958

CL

-17.5193

Standard Error

152.8

t Value

4.76

Pr > |t|

<.0001***

63.5000

-0.28

0.7829

PEb

-6.83291

1.7747

-3.85

0.0002***

MHI

-0.00315

0.000752

-4.19

<.0001***

POP

0.00003

8.176E-6

3.69

0.0003***

GSP

-0.84454

0.1702

-4.96

<.0001***.

SEP

0.000039

0.000012

3.24

0.0014***

PBFb

.1052

0.1138

0.92

0.3562

21.8409

-0.69

0.4929

7.3121

1.11

0.2663

BCSb

BCC

-15.0065

8.152133

FII

-9.39548

4.9698

-1.89

SLE

0.360832

7.4457

0.05

0.0603***

0.9614
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Table 25 continued

Variable

Estimate

Standard Error

t Value

Pr > |t|

AS

-1.21974

11.4225

-0.11

0.9151

LEEDb

-0.01942

0.0211

-0.92

0.3584

ENSTRb

0.000483

0.000281

1.72

0.0875***

NORTHEAST 145.6343

118.8

1.23

0.2220

MIDWEST

274.0557

116.1

2.36

0.0192***

SOUTH

413.6991

113.9

3.63

0.0004***

117.1

2.10

0.0368***

WEST
246.2967
*** Significant at 0.01 level
** Significant at 0.05 level
* Significant at 0.1 level

The regression equation that permitted the prediction of commercial electricity
consumption per GSP from the original units of the independent variables can be written as:
ELSb_GSP =

726.9581 – 17.5193 CL - 6.83291 PEc -0.00315 MHI + 0.00003 POP
- 845E-12GSP + 0.000039 SEP + 1.052E-7 PBFb -15.0065 BCSb +
8.152133 BCC - 9.39548 FII + 0.3608320 SLE -1.21974 AS -0.01942
LEEDb + 0.000483ENSTRb+145.6343 NORTHEAST +274.0557
MIDWEST +413.6991SOUTH +246.2967 WEST

(23)
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Model 7 Discussions
Predictor Variables (Significant at 0.01)
Price of Electricity
A one cent increase in the price of electricity in the buildings resulted in a
reduction in electricity consumption per GSP of 6.83291 Btus/dollar. The price of electricity
continued to play a major role in the demand for energy, and is consistent with the other models
in this study.
Median Household Income
Contrary to expectation, a dollar increase in median household income resulted in
a decrease of 0.00315 Btus per dollar. There seems to be no theoretical explanation for this
sudden change in the sign for MHI.
Population
Population has a positive coefficient of 0.00003 Btus per dollar. This was contrary to
expectation as it was hypothesized that an increase in population would reduce energy intensity
based on the assumption that there would be an increase in shared facilities, reducing the amount
of energy used.
Gross State Product
GSP was significant and had a negative relationship with electricity retail sales per GSP,
implying that an increase of 1 GSP dollar resulted in a decrease of 0.84454 Btus per Billion GSP.
State Energy Program
As in the previous models, SEP has a positive relationship with electricity retails sales
per GSP. A dollar increase in SEP results in an increase of 0.000039 Btu per GSP dollar.
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U.S. Census Regions - South
As in the previous models, the South had the largest positive relationship of 413 Btus per
GSP dollar.
Predictor Variables (Significant at 0.05)
U.S. Census Regions (Midwest and West)
These two regions (Midwest and West) were significant with the Midwest having a
positive coefficient of 274.0557 Btus per dollar and the West having a positive coefficient of
246.2967 Btus per dollar.
Predictor Variables (Significance at 0.1)
Financial and Informational Incentives
In line with the research hypothesis, the presence of the FII program was
associated with a decrease of 9.39548 Btus/dollar. Financial incentives provide commercial
agencies with resources to acquire energy efficient technologies at a lower cost.
ENERGY STAR Program
An increase of one ENERGY STAR commercial building resulted in an increase
in electricity retail sales per dollar. This is contrary to the research hypothesis, and further studies
may be needed to explore this issue. Although reported, these results are deemed to be
inconclusive.
Predictor Variables (Level of significance greater than 0.1)
Variables in this classification were retained in the model because their
elimination either reduced the R-squared or rendered a more significant variable insignificant. In
model 7, these variables included BCSb, LEEDb, NORTHEAST, SLE, AS, GSP, PBFb and
BCC. It must be noted that though not significant, GSP, AS, CL and LEEDb had negative
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coefficients, while PBF, SLE, BCC had positive coefficients. The findings associated with the
PBF and GSP variables are inconclusive as the SAS program did not produce p or t values,
suggesting the possible presence of multicollinearity, as previously discussed, was large enough
to affect the model.
Coefficient of Determination (R2)
The final model had an R2 of 52.25%, indicating that the variables in this model
explained 52.25% of the relationship between the dependent and independent variables. The
contribution of the independent variables to Model 7 was smaller compared to Model 5.
Compared to the partial model which had only the contextual variables, the final model
contributed an additional 6.37% over and above the R-square value (45.88%) of the partial
model. All the energy programs in Model 7 contributed to 6.37% of electricity consumption per
GSP dollar. These programs included FII, ENSTRb, SEP, SLE, AS, PBFb, BCSb and BCC.
Summary
There were seven contextual variables (PEb, MHI, POP, SOUTH, MIDWEST and
WEST) and three programs (FII, ENSTRb and SEP) that had a statistically significant impact on
buildings electricity retails sales per dollar. The statistically significant programs (FII, ENSTRc
and SEP), together with all the other non-significant programs (SLE, AS, PBFb, BCSb and BCC)
contributed to 6.37% of the impact on electricity consumption per dollar, over and above the
impact from the contextual variables. The three U.S. Census regions, population, ENSTRb and
SEP had a positive impact on energy consumption. The factors with a negative impact on energy
consumption included the price of electricity, median household income, BCSb, FII and LEEDb.
The non-significant variables in Model 7 included CL, GSP, PBFb, SLE, AS, BCC and
NORTHEAST.

196
Summary of Findings from Models 1 to 7
The summarized findings from this study were presented in response to the bi-fold
problem statement for this study.
Problem Statement 1A - determine the best predictors of U.S. buildings electricity consumption
Seven models were developed to investigate different aspects of electricity consumption
and intensity for selected sectors of the buildings sector. The significant and non-significant
predictors (with their relationship signs) of the 7 final models are presented in Table 26.
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Table 26
Coefficient Signs for the Significant and Insignificant Variables in Models 1 to 7.
COEFFICIENT SIGNS FOR SIGNIFICANT VARIABLES IN ALL
MODELS.

Model number
PE
MHI
POP
GSP
NORTHEAST
MIDWEST
SOUTH
WEST
SEP
PBF
BCS
BCC
FII
SLE
AS
LEED
ENSTR

1

+
+

+
+
+
-

2

3

4

+

+
+

+
+
+
+
+
+

+
+
+
+

+

-

5

6

7

+
+

+
-

+
-

+
+
+
+
-

+
+
+
+

+
+
-

-

-

+

-

+

+

COEFFICIENT SIGNS FOR INSIGNIFICANT VARIABLES
IN ALL MODELS.

CL
PE
MHI
POP
GSP
NORTHEAST
MIDWEST
SOUTH
WEST
SEP
PBF
BCS
BCC
FII
SLE
AS
LEED
ENSTR

+

-

-

-

+

+

-

+

+
+
+
+
+
+

+

+
+
+
-

+
+

-
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Classification Tables
Seven classification tables were used to categorize the predictors of electricity
consumption and intensity. The classification tables included:
1. Overall predictors of electricity consumption and intensity
2. Predictors of residential electricity consumption and intensity
3. Predictors of commercial electricity consumption and intensity
4. Predictors of improved electricity efficiency in the buildings sector
5. Predictors of improved electricity efficiency in the residential sector
6. Predictors of improved electricity efficiency in the commercial sector
7. Predictors of increased electricity consumption and intensity.
The details of each category are discussed below:
1. Overall Predictors of Electricity Consumption and Intensity
This category focused on the significant predictors of the seven models in the study and
put them into 4 different classes as shown in Table 27, depending on the number of models in
which a particular variable was found to be significant.
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Table 27
Overall Predictors of Buildings Electricity Consumption and Intensity

Class

Indicators

Variables

A

Variable is significant in 7 models

MHI, SOUTH

B

Variable is significant in 5 or more models

PE, MIDWEST, SEP

C

Variable is significant in 3 or 4 models

WEST, PBF,
ENSTR

D

Variable is significant in 1 or 2 models

BCS, FII, LEED,
GSP, NORTHEAST

2. Predictors of Residential Electricity Consumption and Intensity
This category focused on the significant predictors of the two models for
consumption and consumption per capita in the residential sector. The significant variables were
put into 2 different classes as shown in Table 28, depending on the number of models in which
the particular variable was found to be significant.
Table 28
Predictors of Residential Electricity Consumption and Intensity

Class

Indicators

Variables

A

Variable is significant in 2 residential models

MHI, MIDWEST,
SOUTH, SEP

B

Variable is significant in 1 residential model

PE, PBF, POP, WEST
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3. Predictors of Commercial Electricity Consumption and Intensity
This category focused on the significant predictors of the two models for
electricity consumption and consumption per GSP in the commercial sector. The significant
variables were put into 2 different classes as shown in Table 26, depending on the number of
models in which a particular variable was found to be significant.
Table 29
Predictors of Commercial Electricity Consumption and Intensity

Class

Indicators

A

Variable is significant in 2 commercial models

B

Variable is significant in 1 commercial model

Variables
PE, MHI, POP, SOUTH,
LEED
NORTHEAST, MIDWEST,
WEST, GSP, SEP, PBF,
BCS, FII, LEED

4. Predictors of Improved Electricity Efficiency in the Buildings Sector
This category included all the significant predictors, which had negative coefficients
in all or some of the 7 models. The variables were put into 2 different classes as shown in
Table 30, depending on the number of models in which a particular variable was found to be
significant, as well as have a negative coefficient.
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Table 30
Predictors of Improved Electricity Efficiency in the Buildings Sector

Class

Indicators

Variables

A

Variable has a negative coefficient in 4 to 7
models

PE, PBF,

B

Variable has a negative coefficient in 1 to 3
models

GSP, BCS, FII, LEED,
POP, MHI

5. Predictors of Improved Electricity Efficiency in the Residential Sector
This category included all the significant predictors, which had negative coefficients in
one or both of the residential models. The variables were put into 2 different classes as shown in
Table 31, depending on the number of models in which a particular variable was found to be
significant, as well as have a negative coefficient.
Table 31
Predictors (Programs) of Improved Electricity Efficiency in the Residential Sector

Class

Indicators

Variables

A

Variable has a negative coefficient in 2 residential
models

NONE

B

Variable has a negative coefficient in 1 residential
model

PBF
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6. Predictors of Improved Electricity Efficiency in the Commercial Sector
This category included all the significant predictors, which had negative coefficients
in one or both of the commercial sector models. The variables were put into 2 different
classes as shown in Table 32, depending on the number of models in which a particular
variable was found to be significant, as well as have a negative coefficient.
Table 32
Predictors (Programs) of Improved Electricity Efficiency in the Commercial Sector

Class

Indicators

Variables

A

Variable has a negative coefficient in 2 commercial
models

LEED

Variables has a
commercial model

PBF, FII, BCS

B

negative

coefficient

in

1

7. Predictors of Increased Electricity Consumption and Intensity
This category included all the significant predictors, which had negative coefficients
in all or some of the 7 models. The variables were put into 2 different classes as shown in
Table 33, depending on the number of models in which a particular variable was found to be
significant, as well as have a negative coefficient.
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Table 33
Predictors of Increased Electricity Consumption and Intensity

Class

Indicators

Variables

A

Positive coefficient in 4 to 7
models

MHI, POP, MIDWEST,
SOUTH, WEST, SEP

B

Positive coefficient in 1 to 3
models

NORTHEAST, ENSTR

Discussions
The South consistently had a positive coefficient in all the 7 models. Data from the
CBECS and RECS studies as published by the EIA provided the supporting evidence to
substantiate these findings. The South had the highest population, largest number of households
and buildings, as well as the highest levels of energy intensities per household. In order to meet
their cooling needs, the South used proportionately more electricity than natural gas when
compared to the other regions of the U.S as shown in Figure 10 which obtained data from the
RECS report, Table H.C. 1.7 (EIA, 2012e). The South relies heavily on electricity to meet their
cooling, heating, water heating, cooking and other energy demanding needs. These results were
consistent in the residential, commercial and buildings sectors.
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Figure 10. 2009 Electricity and Natural Gas Consumption of U.S. Homes By Census Regions
Closely following the South in EIA’s data on the use of electricity, were the Midwest and
West regions (EIA, 2012e). A close look at the findings from the various models in this study
corroborates this trend. Other regions, such as the Northeast rely more on natural gas, which is a
cheaper fuel, to meet their heating needs. This could also be the reason why climate was never a
significant variable in any of the models in this study, although literature establishes clearly that
climate influences energy consumption. Table H.C. 6.6 from the 2009 RECS report indicated
that the colder climates of the U.S. utilize more natural gas than electricity to meet their heating
needs as shown in Figure 11 (EIA, 2012f). Studies using natural gas could provide more
significant results on climate, since heating is one of the major end uses of energy and is
necessary for survival in the colder regions of the U.S.
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Figure 11. 2009 Electricity and Natural Gas Consumption for Space Heating of U.S.
Homes by Climatic Regions
With the adoption of electricity for this study, climate was not a significant variable as
the preferred source of fuels in colder climates is natural gas.
As expected, population was positively related to electricity consumption, as more people
use more energy to meet their needs. On the other hand, it must be noted that population was
negatively related to electricity intensity in one of the models. An explanation was based on the
economies of scale that could be applied in this study to mean that an increase in population
would lead to a reduction in the electricity used per person due to the economics associated with
sharing resources. In support of this logic is the 2005 RECS (Table US1), which noted that the
energy consumption per household member in 2005 was 70.7 Million Btus for one person
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households, while the five-person households had a lower energy consumption per household
member of 23.4 million Btus (EIA, 2008). Figure 12 showed the decrease in energy consumption
per household member with the increase in household size.

Figure 12. Energy Consumption per Household Member by Household Size
Although not consistent in all the seven models, median household income was
associated with an increase in electricity consumption and intensity. As predicted, an increase in
income levels empowers individuals to acquire more electricity, assuming that all things remain
equal. An increase in individual wealth and purchasing power also leads to a desire for a higher
standard of living, and could result in the acquisition of resources, which require energy.
Purchasing power is especially important in electricity consumption, as electricity is more
expensive compared to natural gas, which is the cheaper alternative. This conclusion was
supported by the 2005 RECS (Table U.S. 3) showed that the 12.78% of households which earned
more than $100,000 a year, consumed 17.07% of electricity; while 8.9% of the households
earned less than $10,000 a year, and consumed 6.11% of electricity (EIA, 2008). Consumer
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theory upholds that, with increased income, consumers are likely to have excess income and that
makes them more willing and able to acquire more commodities, assuming all else remains
equal. It was observed that the median household income variable had negative coefficients in all
the models that measured electricity intensity in terms of the gross state product. There are no
explanations offered in this study for these results, and recommendations are made for further
research.
Price consistently had a negative relationship with electricity consumption and intensity
for most of the models in this study. This conclusion is supported by the demand curve in
economic theory which upholds that an increase in price results in a decrease in the quantity of
commodities demanded as indicated in Figure 13.

Figure 13. Demand Curve
Gross state product had a negative relationship with electricity intensity in 2 models. This
finding could be related to the shift from industries to more service oriented business, which is
currently ongoing in the U.S. economy.
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The SEP program consistently had a positive relationship with electricity consumption
and intensity in all the models, contrary to the research hypothesis. An explanation could be that
SEP funding levels were determined based on population and energy consumption, implying
possible endogeneity problems. Further studies are needed to substantiate this belief, as it is
beyond the scope of this study. It may be important to lag the dependent variables in future
studies, and use different measures for SEP program implementation, other than SEP funding.
Although, these results have been reported in this dissertation, these findings are inconclusive.
The stringency of building energy codes had a negative relationship with electricity
consumption per GSP. This confirmed the research hypothesis that stringent codes reduce energy
intensity. This finding supports the program theory hypothesis that the presence of adaptation in
program implementation results in the achievement of program objectives. Programs which
remain unchanged despite the changes in the socio-technical system may not attain program
objectives, as effectively as programs which change to meet current conditions in the sociotechnical system.
The presence of financial incentives had a negative relationship with electricity
consumption per GSP. This confirmed the research hypothesis that the presence of financial and
informational incentives program results in a reduction in energy consumption and energy
intensity. This finding supports the program theory hypothesis that the dosage is critical to the
attainment of program objectives. The modification of this variable to a dummy variable due to
its non-normality makes it difficult to capture the measure of dosage accurately, as was the
original intent of the study.
The LEED program had a negative coefficient in the two models related to electricity
consumption and intensity in the commercial sector. With the claims of energy efficiency design
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in LEED buildings, the results from these models satisfied the research hypothesis. These results
also substantiated the fact that program reach has an impact on the attainment of program
objectives.
Problem Statement 1B - To predict the impact of state energy programs on buildings electricity
consumption, over and above the impact of state contextual factors
Table 34 showed the extent to which the independent variables contributed to electricity
consumption and intensity, as well as the extent of energy programs influenced electricity
consumption and intensity, over and above the contextual factors.
Table 34
R2 values for partial and final models

Model
number

1

2

3

4

5

6

7

R-Square FINAL
MODEL

72.87

43.37

93.00

51.61

85.49

37.05

52.25

R-Square PARTIAL
MODEL

64.27

34.53

88.12

42.51

77.91

31.09

45.88

R-Square
Difference
(FINAL
MINUS
PARTIAL)

8.60

8.84

4.88

9.10

7.58

5.96

6.37

All the models indicated an increase in their R2 values, supporting the research
hypothesis that energy programs have an impact on electricity consumption and intensity, over
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and above the impact of contextual variables. The average contribution from the energy
programs to the seven study models was 7.33%, implying 7.33% of the variation in electricity
consumption and intensity could be explained by state energy programs. Model 4 had the largest
impact from 5 energy programs, while Model 3 had the lowest impact from two energy
programs. The programs which primarily contributed to most of the change in the models
included SEP, PBF, LEED, ENERGY STAR, FII and BCS in order of importance. Although, it
was expected that all the programs would reduce consumption and intensity, programs like SEP
and ENERGY STAR were associated with an increase in electricity consumption and intensity.
Due to the contradiction with theory, although these results were reported, they are deemed as
inconclusive in this study. Three energy programs were not significant in any of the models.
They were BCC, SLE and AS.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

Introduction
The implementation of energy programs in the multifaceted and dynamic U.S. sociotechnical environment is crucial in the quest for improved energy efficiency. As the U.S. pursues
energy efficiency as a national priority, it is important to determine the significant predictors of
U.S. buildings electricity consumption. This study investigated the relationships among state
electricity consumption/intensity, energy programs and contextual factors in the U.S. buildings
sector. A clear understanding of the impact of contextual factors and state energy programs on
U.S. electricity consumption and intensities will improve the capacity of project developers,
energy advocates, program administrators, building occupants and other stakeholders to make
informed decisions regarding the adoption, continuation or discontinuation of energy programs.
In particular, this study identified the significant energy programs which could improve energy
efficiency and possibly minimize U.S. environmental degraduation and dependence on foreign
oil. Overall, this study added to the existing research guiding the pursuit of reductions in U.S.
energy consumption, pollution and dependence on foreign oil.
This chapter restated the problem statement and summarized the results obtained from the
statistical analysis. The implications of the findings to U.S. electricity consumption and program
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implementation were presented. Finally, recommendations and the directions for future research
were stated.
Statement of the Problem
The bi-fold problem of this study was to (1) determine the best predictors of U.S.
buildings electricity consumption; and (2) estimate the impact of state energy programs on
buildings electricity consumption, over and above the impact of state contextual factors.
Summary of Findings
The first part of the study sought to determine the best predictors of U.S. buildings
electricity consumption in order to lend credibility to the ongoing discourse in energy efficiency
literature. Random effect panel data regression analysis was conducted on state-level data from
2006 to 2009 obtained from various government and non-governmental agencies in the U.S.
Seven different multiple regression models estimated the impact of the contextual variables and
energy programs on seven different indicators of electricity consumption and intensity. The
study yielded mixed results as some of the results did not conform to the theoretical foundations
of this study.
In support of advocates of energy efficiency programs, this study concluded that selected
energy programs such as public benefits funds, building energy codes, financial and
informational incentives and the LEED contributed at various levels to a reduction in electricity
consumption and intensity, particularly in the U.S. commercial buildings sector. The residential
buildings sector was less responsive to energy programs, as only one program demonstrated the
capacity to reduce electricity consumption. As indicated by demand curves in economic theory,
increases in the price of electricity reduced electricity consumption and intensity. In one
commercial sector model, an increase in population resulted in a reduction in electricity
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intensity. Although, not consistent with theory, two of the models indicated that median
household income was associated with a decrease in electricity intensity.
On the other hand, the statistical results indicated that ENERGY STAR and State Energy
Programs were consistently associated with an increase in electricity consumption and intensity.
These findings were inconclusive as it was in conflict with established theory. A thorough
review of the 2006 funding formula allocation re-established the fact that SEP funds were
awarded based on state population and energy consumption, presenting possible endogeneity
issues. Therefore, an argument could be made that state energy consumption influenced the level
of SEP funding, and not vice-versa, as was the basis of this study. Could the same logic be
applied to the ENERGY STAR program? Is it possible that states with high consumption levels
are constructing more ENERGY STAR buildings and thus the observed positive relationship
between this program and electricity retail sales? Could the rebound effect be the possible cause
for this contradictory result? Or could there be existing gaps between calculated energy savings
and realistic savings due to the uncontrolled consumer behavior? These questions present
opportunities for additional research.
The contextual factors which had a significant positive relationship with electricity
consumption and intensities included the median household income, population, gross state
product and three U.S. Census regions (South, Midwest and West). Also, there existed strong
positive relationships among gross state product, population, the State Energy Program and the
Public Benefits Fund program.
The second part of the study sought to establish the extent to which state energy
programs contributed to the impact on electricity consumption and intensity, over and above the
contextual variables. While accounting for the contextual factors, all the seven models supported
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the research hypothesis that energy programs had an impact on electricity consumption and
intensity, especially in the commercial sector. Programs that contributed significantly to this
impact included public benefits funds, state energy programs, Leadership in Energy and
Environmental Design (LEED), ENERGY STAR, financial and informational incentives and the
building energy codes program.
Overall, the impact of energy programs on electricity consumption and intensities ranged
between 4.88 and 9.6%, over and above the impact of contextual factors. Overall, the
commercial sector seemed to have been the greater beneficiary of energy programs as it had the
greatest number of significant energy programs associated with a reduction in electricity
consumption and intensities.
Energy Efficiency Implications
Clearly, some contextual factors and state energy programs have a significant impact on
electricity consumption and intensity in the U.S. buildings sector. The greatest contributors to
improved energy efficiency were the price of electricity, public benefits program, LEED,
building energy codes and the financial and information incentives program.
The impact of electricity price on electricity consumption is consistent with demand
curves in foundational economic theories. An increase in electricity price reduces the capacity
and willingness of consumers to acquire electricity, and hence reduces electricity intensities. This
finding seems to be in support of recommendations made by some authors that price mechanisms
should be used to control energy consumption; however, the preference is for consumers and
capitalist markets to influence energy price and consumption.
The significant impact of the public benefits program could be associated with the length
of its existence, its direct and continuous involvement with building occupants and its high levels
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of funding. The continued support and improvement in public benefits programs is encouraged,
as it demonstrates the potential to greatly reduce electricity consumption and intensities.
Although a voluntary program, the LEED program contributed significantly to energy
efficiency in the commercial sector. The LEED program has focused on design and construction
solutions that minimize energy consumption. Its significant impact could be a result of its
emphasis on the efficient operation of buildings, indirectly affecting consumer behavior. With
the recent surge in the number of LEED buildings, it is expected that LEED will continue to play
a key role in the quest for energy efficiency in the U.S. buildings sector.
The strength of the building energy codes program could be associated with its authority
to mandate the implementation of energy efficiency strategies and technologies in the design and
construction of buildings. This strategy of regulating the construction of buildings by coercing
builders to use energy efficient technologies has proven to be effective. Its main limitation is that
it lacks a strategy to encourage or coerce building occupants to continuously use the adopted
energy efficiency technologies efficiently.
The financial and informational incentives program has been effective in providing the
information and resources necessary for the public to make initial investments into acquiring
energy efficiency technologies. This program is very critical in situations where price and lack of
information are the major barriers to attaining energy efficiency. As with the building energy
codes, the financial incentives program lacks the capacity to influence occupant behavior after
the initial transactions are completed. Although, occupant behavior was beyond the scope of this
study, it could be the reason for the disparity between results obtained from the residential and
commercial sectors
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The commercial sector was the greater beneficiary of energy programs, probably because
occupant behavior is more controlled in the commercial sector. It could be argued that occupants
of residential buildings are less conscious of the cost implications of electricity consumption
compared to the business minded occupants of commercial buildings. Commercial buildings are
likely to have facility managers and other controls established to control the use of energy and
hence maximize the benefits from energy programs. The lower R2 values associated with the
electricity intensity models suggested that the independent variables in this study did not explain
most of the variation in the dependent variable. Since this study did not consider the impact of
occupant behavior, the question remains as to the extent to which occupant behavior impacts
electricity intensity.
Another reason for the apparently lower impact in the residential sector could be because
the residential sector uses more natural gas than electricity, consequently the use of electricity
retail sales as a proxy did not adequately capture residential energy consumption. In 2009, while
electricity was the dominant fuel in the commercial sector (52% of delivered energy), natural gas
was the primary source of fuel in the residential sector and accounted for 44% of residential
delivered energy (EIA, 2012b). The choice of electricity as the fuel under study in this
dissertation could have dampened the observed impact of energy programs in the residential
sector regression models, as this sector preferred natural gas to electricity. Could this also be the
reason why climate did not show up as a significant predictor of electricity consumption in any
of the models? The colder regions rely mostly on natural gas for space heating, which is one of
the most common uses of energy, since it is the cheaper alternative to electricity.
In conclusion, the effective implementation of the significant programs identified in this
study could reduce U.S. electricity consumption and intensity and possibly reduce:
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Energy wastes
Environmental degradation
Energy imports
Demands for expanding energy generation infrastructure
Demands for expanding energy transmission infrastructure
Energy prices
In the broader context, this study contributed to the existing research associated with U.S.
energy consumption, pollution and dependence on foreign oil.
Program Implementation Implications
The energy programs were quantified based on theories associated with the dimensions of
program implementation and program outcomes. The following program implementation
dimensions were significant in this study: resource availability, program reach and adaptation.
All the other program implementation dimensions were not found to be significant in this study.
There were mixed results regarding the impact of program implementation dimensions on
program outcomes.
The availability of resources was the most effective implementation dimension as
observed in the public benefits funds program. An increase in financial resources led to a
decrease in energy intensity supporting the claims of advocates of increased public funding for
energy programs. However, contrary findings were obtained with the state energy program,
which was also a proxy for the availability of financial resources. The state energy program with
lower funding levels than the public benefits funds program did not prove to be as effective as
the public benefits funds program. However, these findings are inconclusive due to concerns
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expressed in previous paragraphs about the validity of the assumptions and the measures
associated with the state energy program implementation variable.
Program reach was the next effective program implementation dimension as observed in
the effectiveness of the LEED program. The findings from this study indicated that the larger the
number of participants in a program, the greater the attainment of program objectives. On the
other hand, ENERGY STAR which was also used as a proxy for this same program
implementation dimension did not demonstrate effectiveness in attaining program objectives.
Again, due to concerns regarding the measures and assumptions associated with the utilization of
the variable, the findings are inconclusive.
Adaptation, as measured by the stringency of building codes, was the third program
implementation dimension which proved to be effective and significant. Programs have to be
modified to meet the current demands in complex and dynamic socio-technical systems.
Although, the measure for dosage was effective and significant, the conversion of the
variable for financial incentives to a dummy variable reduced the appropriateness of using
financial incentives as a measure for dosage. The dummy variable indicated either a presence or
absence of dosage and did not capture the variation in dosage that was needed to make this an
accurate measure of dosage. In conclusion, program implementation does affect the attainment of
program objectives.
In conclusion, the correct monitoring of the identified program dimensions could have an
impact on the successful attainment of program outcomes.
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Recommendations
Based on the study findings, Classification Tables 27 to 33 provided information to guide
decisions associated with the adoption, continuation or discontinuation of energy programs,
while considering contextual factors. The various classes of energy programs established in this
study can be used to match energy programs to the sections of the buildings sector where they
are most effective. For example, the LEED program seemed to be better suited with the
commercial sector.
Programs which have all or some of the following characteristics are most likely to attain
their program outcomes:


adequate levels of funding



capacity to coerce design and construction teams, as well as building occupants



capacity to motivate consumers



capacity to provide resources and financial assistance to consumers



sustained interactions with occupants over an extended period of time



capacity to influence occupant behavior during their use of a building



capacity to effectively reach program participants



strategies to continuously modify program implementation to meet the current
needs and trends within the U.S. socio-technical environment

The public benefit funds programs in particular should continue to receive great support
and attention, as part of efforts to sustain the energy efficiency objectives in the buildings sector.
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Although, a relatively new program which relies on voluntary participation, the LEED program
demonstrated a lot of potential in its capacity to impact energy efficiency. This program has
proven that it is possible to attain energy efficiency objectives through building certifications,
without direct government funding to the public. This is not to imply that direct funding to public
is ineffective, especially as findings indicated that direct funding to the public through the
financial and informational incentives program improves energy efficiency. This program
provides resources for its participants to make the initial investment into acquiring energy
efficiency technologies, and thus making it cheaper to attain the technologies. The acquisition of
the technologies alone is not adequate, without proper monitoring and operation of the
technologies, bringing into the discussion the role of occupant behavior.
Recommendations for Future Research
This study raised questions regarding occupant behavior, as it is believed that the
commercial sector has more control over its occupant behavior compared to the residential
sector, thus resulting in observed significant program effect in the commercial sector. More
studies are needed to explore the role of occupant behavior in electricity consumption and
intensity.
In view of the fact that the continued implementation of PBF, LEED, BECP and FII is
encouraged, detailed studies of the characteristics and practices of these programs should be
conducted to determine the best practices of these programs so that they can be emulated by
other programs and by other states.
The state energy program consistently demonstrated the potential to increase energy
consumption and intensity, contrary to expectations. These findings are inconclusive, as there are
two contradictory reasons for this observation. Initially, it was observed that the level of funding
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for the state energy program was significantly lower than the more effective public benefits
funds program. Could the lack of adequate funding be the reason for the effect of state energy
programs? On the other hand, considering the fact that state energy funds are allocated based on
energy consumption levels, could that be the reason for the observed positive relationship? This
would mean the study assumption that reverse is true is inadequate, and presented possible
endogeneity problems. Consequently, SEP funds may not be a valid measure SEP program
implementation. If the first consideration is true, the optimum funding levels for effective
attainment of objectives should be determined. However, if the second reason is true then the
measures for the state energy program were inadequate. These scenarios present opportunities
for empirical studies to provide answers to these critical questions.
The unexpected results obtained from the ENERGY STAR variable raised similar
questions as was raised with the state energy program. Is it possible that states with high
consumption levels are trying to conserve energy by building more ENERGY STAR buildings
and thus the positive relationship observed in this study? If these considerations are true, then the
number of ENERGY STAR buildings is not an appropriate proxy for this study, due to possible
problems with endogeneity casting doubts on the validity of the measure. Future studies to
accomplish similar objectives should consider lagging the dependent variable and/or utilizing
different measures for the ENERGY STAR and state energy programs.
Future related studies should focus on natural gas and all fuels, rather than only
electricity as was used in this study. This is especially critical to the residential sector, as its
primary source of fuel is natural gas, probably why it seemed to have benefited less from energy
programs in this study, which focused on electricity.

222
Concluding Statement
In conclusion, the adoption and efficient implementation of the most significant energy
efficiency programs identified in this study could reduce U.S. electricity consumption, and in the
long term, possibly reduce U.S. energy waste, environmental degradation, energy imports,
energy prices, and demands for expanding energy generation and distribution infrastructure.
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