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Abstract

In 2017, approximately 62% of electricity generated in the United Sates (U.S.) came from coal
and natural gas sources, while only 8% came from wind and solar energy sources. This heavily
fossil fuel dependent generation mix contributes to approximately 30% of total U.S. greenhouse
gas emissions. Energy efficiency (EE) and renewable energy (RE) are two ways to reduce the
carbon footprint of our electricity sector. This dissertation addresses the decision-making
behavior of actors in and across the commercial, residential and educational sectors on the
adoption of EE and RE technologies in the U.S. This work characterizes the barriers and
motivations to adoption as well as the associated health and environmental benefits from
offsetting electricity generated by fossil fuel power plants.

In Chapter 2, | employ an interview study to explore the behavioral and social factors in
commercial building energy efficiency investment decision-making and to clarify the distinction
between influences related to Economics/Technology and Psychology/Context. | find
heterogeneity among interviewed experts and owners/managers regarding the value of corporate
social responsibility (CSR). I also find that the relationship between owners/managers and their
building engineering team heavily influences decision-making. Finally, the interviews reveal
potentially promising new concepts related to psychological and social influences in the EE
investment decision domain.

Chapter 3 focuses on the residential sector and details findings from two studies evaluating the
effect of a clean energy campaign on civic engagement (e.g. signing a petition) among parents
already taking advocacy actions (i.e. advocacy sample) and those who aren’t (i.e. public sample).
Among our public sample, I find that participants who believe the campaign to be credible and
comprehendible are more likely to take action than those who discredit the campaign or do not
understand its message. Additionally, I find parents who have children under the age of 18
negatively adjust their attitudes towards fossil fuels after being presented with health
information.

Finally, in Chapter 4, | focus on the educational sector and employ a benefit-cost analysis (BCA)
to determine which states in the U.S. will benefit most from installing solar photovoltaic (PV) on
their educational facilities and which PV projects are financially feasible. | find that solar PV in
U.S. educational institutions can provide 100 TWh of electricity services annually, meeting 75%
of these buildings current electricity consumption. The provision of electricity services from
rooftop solar PV on educational institutions can reduce environmental, health and climate change
damages by roughly $4 billion per year.

Discussed in Chapter 5 are this work’s contribution to the literature and the policy implications
regarding the adoption of EE and RE among various actors revealed in Chapters 2 through 4. For
instance, findings from Chapter 2 suggest that policy makers should consider non-economic
factors related to EE adoption, such as the relationship between owners and building engineers.
In Chapter 3, | learn that campaigns can inspire civic engagement among residential consumers
if campaign materials are perceived credible and advocacy actions seem effective. In Chapter 4,
results detail which regions in the U.S. stand to benefit the most from installing PV on their
educational buildings and provides a baseline analysis for efficient incentive design.
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1. Introduction

“An innumerable host of actions and attitudes, comprising perhaps the bulk of all land relations,
is determined by the land-users’ tastes and predilections, rather than by his purse.”
— Aldo Leopold, The Land Ethic

“She generally gave herself very good advice, (though she very seldom followed it).”
— Lewis Carroll, Alice’s Adventures in Wonderland

It is difficult to ignore the omnipresent negative effects associated with the release of greenhouse
gasses (GHGs) and criteria air pollutants from burning fossil fuels in the United States (U.S.).
These harmful effects manifest as positive climate forcing — a change in Earth’s energy balance
that promotes a warming effect — which has increased by 37% between 1990 and 2015 due to
anthropogenic GHG emissions [1]. Additionally, GHG emissions directly contribute to changes
in air quality (e.g. increases in ozone, changes in particulate matter, and changes in allergens and
asthma triggers), extreme weather events, vector borne diseases, and water and food safety [2],
resulting in annual health costs amounting to roughly 4% of the national gross domestic product
(GDP) [3]. Environmental and health risks are particularly acute for at-risk populations such as
asthmatics, the elderly, and those living near a coast [4]-[8].

In 2016, the electricity sector contributed 28% of all GHG emissions in the U.S. that
made it, along with the transportation sector, the top source of domestic emissions [9].
According to the U.S. Energy Information Administration (EIA) [10], this trend is likely to
continue into the foreseeable future and might expand under low oil price and high economic
growth scenarios. A strong dependence on fossil fuels explains the link between electricity
generation and GHG emissions — today more than 60% of electricity generated in the U.S. comes
from fossil fuel sources, while only 2% comes from solar photovoltaic (PV) and 6% comes from
wind [11]. On balance, there are two approaches to reduce electricity sector emissions: reduce
consumption (i.e. increase energy efficiency) or change the portfolio (i.e. adopt more renewable
energy).

Fully realizing these approaches requires multiple actors at various scales to take action
to increase the share of energy efficiency (EE) and renewable energy (RE) throughout the U.S.
Traditionally, economic incentives have been used as the main tool to promoting this change

across actors and actions. Moreover, a sectoral incentive approach is often taken where, for
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instance, programs are designed only for actors in the residential sector (e.g. residents reducing
energy consumption in the home through the use of in-home energy displays), rather than
recognizing that actors can act across sectors (e.g. residents petitioning a local utility to invest in
clean energy)[12], [13]. This top-down approach does not exploit all of the political and
technological actions that are available to these actors wishing to reduce their fossil fuel
electricity demand, and it does not motivate the discovery of new actions. This thesis employs a
bottom-up decision and engineering science approach to explore the behavioral, regulatory, and
technical factors that inspire actors to effect change of their own energy behavior and that of

their energy providers.
1.1 Decision-making

The research described in this thesis contributes to literature in judgement and decision-making
(JDM) related to EE and RE technology adoption and investments. In general, decision-making
is studied at the individual [14] and group levels [15] — where group decision-making is also
organized into large group (e.g. mob) behavior [16], intergroup relations [17], special types of
groups (e.g. therapy groups), team groups [18], and small groups [15]. Decision-making is
thought to be influenced by cognition (e.g. how decision-makers attend to provided information
and seek additional information) [14], [19], [20], the decision environment (e.g., task, content,
and context) [21]-[24], and the decision-maker’s internal state (e.g., beliefs, values, goals, and
prior experience) [25]-[27]. Moreover, individual differences that are shown to particularly
matter include gender [28], age [29], personality types relating to proneness to risky behavior
[30] and susceptibility to framing [31], and cognitive traits/styles (e.g. numeracy) [32]. Indeed,
JDM is complex and is difficult to map onto mathematical models since humans apply a wide
variety of processing modes and strategies to available choices based on internal and external
constraints [14]. For instance, attention accounts for a larger proportion of response when the
decision-maker is explicitly provided all information in numeric or graphic form [33].
Alternatively, memory and learning are important in decisions drawn from experience, where
information about outcome types and likelihood is acquired from trial and error sampling of
options over time [34]. Similarly, affective processes are important in dynamic decisions under
uncertainty and analytic evaluations play an important role in static uncertain decisions [35].

This thesis explores ways to elicit a decision-maker’s values and motives regarding EE and RE
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technologies as well as characterize the decision context to allow for behaviorally realistic

interventions that promote adoption.
1.1.1 Individual energy decision-making

Psychological models of decision-making, such as the Theory of Planned Behavior (TPB) [36],
help explain how individual actors might be motivated to adopt EE and RE. Within the
framework of TPB, beliefs about such things as self-efficacy, subjective norms, and/or the
behavior in question determine intention to act and consequent behavior [36]. Additionally,
within this framework, it is also shown that contextual forces and personal capabilities/habits
contribute to the effect that attitudes have on behaviors [37]. Therefore, the TPB framework
suggests that one should focus on understanding attitudes and measuring intentions in order to
understand the likelihood of action and/or behavior change. Still, some policies aim to promote
desired behaviors by simply increasing information dissemination and closing the VValue-Action
Gap that persists when members of society experience cognitive dissonance (e.g. espousing pro-
environmental values but not acting in accordance with them) [38]. However, this particular
theory of behavior change, coined the Information Deficit Model (IDM), fails to address why
some science communications increase polarization and result in non-activity [39], [40].
Therefore, when employing IDM methods for promoting adoption and/or behavior change, how
information is framed could play a critical role in communication efficacy. Framing involves
selectively emphasizing certain dimensions of an issue over the others, which implies
(inadvertently or not) a specific diagnosis as well as prescription for action [41], [42]. In this
way, framing provides an opportunity to leverage the Theory of Motivated Reasoning, which
suggests that partisan audiences are motivated to interpret and process information in a biased
manner that reinforces their predispositions [43], [44]. Yet, in all of these decision-making
frameworks, the “audience” is comprised of individual actors and the mechanisms within each

theory are complicated when the audience is comprised of two or more actors working together.
1.1.2 Organizational energy decision-making

Models for EE and RE investments in organizations (e.g. commercial buildings), tend to fall into
two categories: (1) capital investment theory (CIT) models and (2) organizational behavior

science (OBS) theories.



Tenets of CIT maintain that investment decisions are based on capital budgeting tools,
such as payback period, net present value, and internal rate of return [45]-[47]. Within this
framework, sometimes investments are dismissed if hidden/transaction costs and high levels of
risk lower their profitability below the firm’s cost of capital [45]. In fact, sometimes commercial
building investment decision-makers will artificially increase the required rate of return for EE
and RE investments due to these perceived hidden costs and risks, forcing EE and RE
investments to perform better than the cost of capital [48], [49] or other investments aimed at
increasing production capacity [45]. Yet, CIT fails to address the strategic nature of energy
investments often comprised of several steps, does not explain the differences in behavior
between similar firms operating in the same industry, and omits the hidden benefits of EE and
RE investments which are often quantifiable [50]-[53].

Researchers in organizational behavior sciences address some of the gaps in the CIT
literature by asserting that certain organizational factors play an important role in EE and RE
investment decisions, thus weakening the weight of financial factors underscored in the CIT
literature [51]. Significantly, OBS identifies the following factors that influence EE and RE
investments: power relationships [49]; managers’ interests and mindsets towards energy [54];
organizational energy culture [49], [55]; and characteristics of the investment itself and its link to
core business [56]-[59]. The link to an organization’s core business is found to be especially
important in a study by Weber [59], who confirms his hypothesis that “barriers to energy
efficiency in organizations may result from...a trade-off with non-energy-specific goals,” with
robust, longitudinal results from empirical research related to decisions and energy consumption
in 100 Swiss office buildings between 1986 and 1996. Finally, it is usually the case that these
trade-offs in EE and RE decision-making are often made by one (e.g. building manager) or a few
individuals (e.g. sustainability management team) within a larger organization [58]. Individual
factors of these energy leaders, such as their internal sustainability motivations and technical
savvy, influence the adoption of EE and RE [60]. Therefore, this thesis explores the motivations

and barriers of individual actors and their abilities to act across sectors.
1.2 Potential for reducing the end use and changing the mix

The literature surrounding the technical potential and financial feasibility of EE and RE tends to
take a sectoral approach (e.g., electricity sector, commercial sector, residential sector, etc.). For

instance, Pacala and Socolow’s theory of “Stabilization Wedges™ [61] urges the adoption and
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scaling up of existing technologies in five main categories as a means to stabilize atmospheric
CO: levels at 500 ppm by the year 2054: (1) energy efficiency and conservation, (2) fuel shifting,
(3) CO2 capture and storage, (4) nuclear fission, and (5) forests and agricultural soils. Relevant
here is their treatment of energy efficiency improvements as primarily manifesting in the
transportation sector (e.g. electric vehicles and mass transit innovation), building sector (e.g.
cutting carbon emissions by 25% from buildings and efficient appliances), and the electricity
sector (e.g. improving efficiency of baseload coal plants from 40% to 60%)[61]. The “Unlocking
Energy Efficiency in the U.S. Economy” report by McKinsey [62] suggests that energy
efficiency can yield gross energy savings worth more than $1.2 trillion, with an estimated
reduction in end-use energy consumption in 2020 by 9.1 quadrillion BTUs (Quads), or 23% of
projected demand, offsetting 1.1 gigatons of GHGs each year. In their report, they suggest
pathways to these savings that reduce industrial sector energy consumption by 18% and
commercial and residential sectors energy consumption by 29% and 28%, respectively [62]. As
for renewable energy potential, the U.S. Energy Information Administration (EIA) suggests that
electricity-scale solar and wind will reach 1.1 and 2.6 Quads, respectively, or 10% and 23% of
total U.S. generation, by 2019 in their short-term energy outlook [63]. Sector- and technology-
specific studies estimate that PV systems installed on small, medium, and large buildings in the
U.S. can generate 1,400 TWh of electricity [64] and estimate that the residential sector alone can
provide 419 TWh from rooftop solar PV [65]. However, these technical potential studies make
little or no assumptions about adoption behavior and/or narrowly define rational actors as
investors who operate within a set of goals and constraints consistent with the CIT framework
[66] — yielding technical potential results that may not be behaviorally realistic.

Even diffusion models of certain technologies like rooftop PV that do consider behavioral
inputs (e.g. agent-based models) tend to focus on adoption one sector at a time given various
price signals and top-down regulation, neglecting the bottom-up role that individual actors can
take to have an influence across sectors [67]. For instance, much of the residential sector
literature addresses effective interventions for energy-efficient appliance adoption [68]-[71];
residential peer effects in diffusion rates [72], [73]; and rebound effects within the household
[74], [75] — little is known about the preferences of actors within these households to influence
their electricity providers or engage with their state legislators to set renewable portfolio

standards. Additionally, the potential footprint of some actors are completely overlooked in these
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sectoral technical potential studies. Such is the case of educational institutions, which are often
classified as commercial buildings in PV technical potential papers, despite the fact that
educational institutions comprise 11% of total U.S. building electricity consumption and 14% of
building floorspace [76]. Siloing actors into large sectors obscures the granularity in knowing
what is possible from specific actors and discounts the nuance of the various options available to
these actors to promote the adoption of EE and RE — and ultimately their power to reduce GHG
emissions from electricity generation. This thesis explores how less well-examined actors may
influence the electricity sector directly by adopting their own energy efficiency and renewable

energy technologies or influencing the adoption of these technologies by utilities.
1.3 Thesis organization

This thesis includes findings from three studies I conducted with an overarching aim to expand
on actor-specific barriers and motivations to EE and RE. In Chapter 2, | employ an interview
study to explore the behavioral and social factors in commercial building investment decision-
making and to clarify the distinction between actors serving as decision-makers and actors
serving as decision-influencers. Chapter 3 details findings from two studies evaluating the effect
of a clean energy campaign on civic engagement among parent actors in the residential sector
who are already taking advocacy actions (i.e. advocacy sample) and who aren’t yet (i.e. public
sample). In Chapter 4, | consider actors in educational institutions, which also include building
managers and parents. Here, | employ a benefit-cost analysis (BCA) to determine which states in
the U.S. will gain the most social benefits from installing solar PV on their educational facilities
and which PV projects are financially feasible. Finally, Chapter 5 summarizes all of these studies
and discusses their contributions to the JDM literature as well as their implications for some
existing and potential interventions to inspire actors to adopt energy efficiency and renewable

energy.



2. The role of psychology and social influences in
energy efficiency adoption

Abstract

Current energy efficiency policy and incentive programs tend to target economic motivations,
which may misalign with other potentially important motivations arising from situational factors,
individual differences, and social context. Thus, in this research, we review areas of work that
have focused on psychological and social influences to energy efficiency adoption in commercial
buildings. We then conduct an empirical scoping study interviewing 10 commercial building
owners/managers (decision-makers) and 10 experts/consultants (decision-influencers) regarding
perceived motives and barriers to energy efficient investments, decision-maker attributes, and the
social context of the decision. Potential factors that emerge from the interviews, which are not
yet extensively discussed in the energy efficiency literature, include owners/managers’ resistance
to change and the influence of investment funding origins on the decision. Our results also
suggest potential heterogeneity in energy efficiency decision-making philosophies between the
two groups. Interviewed owners/managers prioritize corporate social responsibility (CSR) and
prefer internal consulting (e.g. building engineers). Conversely, experts/consultants do not
emphasize CSR and are more concerned with external policies. These findings suggest that
accounting for the decision-maker and the social context in which decisions are made could
enhance the design of commercial sector energy efficiency programs.

2.1 Introduction

Commercial buildings account for approximately 20% of total energy consumption in the United
States and the Department of Energy (DOE) reports that savings of 3% each year for commercial
buildings is achievable [77], [78]. In recent years the U.S. federal government has expressed
interest in capturing these savings, by implementing national initiatives such as the Better
Buildings Initiative in 2011 aimed to make commercial buildings 20% more efficient over the
next ten years. To date, only 4% of commercial building square feet has been committed to this
challenge, saving on average 2% each year [78], [79]. One possible explanation for this may be
ineffective policy and incentive programs [12]. These programs often assume commercial
building owners are solely motivated by economic factors rather than situational factors,
individual differences, and social context [80]-[82]. Ignoring psychological and social factors
may reduce a program’s effectiveness. For instance, public opposition to wind farms for
aesthetic or environmental reasons can delay or terminate wind energy development [83],
unfamiliar energy savings information (e.g. KWh units) can confuse potential adopters [84], and
stakeholder preferences can derail transition pathways to cost-optimal energy portfolios [85]. To
aid in our examination of the various factors that may influence energy efficient (EE) investment

decisions, we develop an influence diagram. This diagram (shown in Figure 1) summarizes the
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four main areas of literature explaining EE investment decisions made by a single decision-

maker: (1) Economics, (2) Technology, (3) Psychology, and (4) Context.

Economics

Financing Models
Economics
Existing
Equipment

Context

Internal Influences
(e.g. tenants)

Technology

Equipment
Selection

Investment
Decision

External Influences
(e.g. government)

Alternative
Investments

Psychology

Behavioral Economics
(2.g. inconsistent time
discounting)

Social Psychology (e.g.
political ideologies)

Figure 1. The four main components of an individual EE investment decision profile used to
scope Ch. 2 interviews: (1) Economics, (2) Technology, (3) Psychology, and (4) Context.

To illustrate how this diagram might characterize EE decision-making, consider a
commercial building owner who is interested in installing a new lighting control. The owners’
decision-making is subject to Economics (e.g. what sort of financing is available to me?),
Technology (e.g. what are the new technologies available to me?), Psychology (e.g. how much
do I value having a small capital investment today over the potential savings of a larger capital
investment over time), and Context (e.g. will my tenants like having new lighting controls?).
While much is known about influences related to Economics and Technology, less is known
about how Psychology and Context contribute to EE investment decisions in large commercial
buildings. Thus, our empirical scoping study focuses on Psychology and Context and expands on
previous work in this space by drawing three distinctions: (1) our focus is on the commercial
rather than residential building sector, (2) we look beyond the normative, expert opinions by also
interviewing owners/managers (decision-makers), and (3) interview findings suggested existence
of heuristic decision-making that has not yet been explored in the commercial EE literature. In
the next sections we examine what is known about the four main components of EE decision-

making and where our study diverges from the existing literature.
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2.1.1 Economic and technology influences

First, we consider those factors related to Economics and Technology (Table 1). Economic
influences can be both internal (e.g. capital constraints) and external (e.g. fuel prices) and are
those related to project budgeting and the benefiting parties. For instance, limited or nonexistent
reserves and conflicting budget priorities between owners and engineers may dissuade decision-
makers from considering EE investments [49], [86]. Split incentives are also a significant
deterrent in non-owner occupied commercial buildings — energy savings will bypass the owner if

tenants pay the utility bills and thus reduce the owner’s incentive to invest in EE [86].

Table 1. Economic and Technological influences to energy efficiency adoption.

Economic Influences References
Capital constraints [49], [86], [87]
Principal-agent relationships [49]
Split incentives [49], [86]
Hidden costs [49], [86]
Fuel prices [88], [89]
Incentive programs [12], [90]
Technological Influences References
Knowledge of technology [91]
Low prioritization [91]
Available EE technologies [12], [92]
Renewable energy options [12], [92]

Other Economic influences include hidden costs (e.g. inferior performance of a new technology
or overhead costs of energy management), fuel prices (e.g. high fuel prices tend to increase
demand for EE whereas low fuel prices lower demand — see Appendix A.1 for more
information), and available incentive programs (e.g. direct rebates and on-bill financing) [12],
[86], [88], [90].

Technology options influence decision-making at a number of stages, as the owner must
first acknowledge the current state of existing building systems before addressing the
accessibility of new technologies. As such, cities vary in their conservation efforts as
demonstrated by differing adoption rates of EE markers such as Energy Star! and organized 2030

! Energy Star is an award assigned to high-performing buildings whose energy consumption is benchmarked on
Portfolio Manager; both Energy Star and Portfolio Manager are maintained by the U.S. Environmental Protection
Agency (Colaizzi 2015).
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Districts.? Explanations for this heterogeneity in commitment to building energy efficiency
include availability of technologies and installers across the U.S. as well as existing building
conditions in the real estate market [12], [93]. However, increasing the stock of EE technologies
alone is insufficient; information presented in personalized and specific terms can influence EE
decision-making [46], [94], [95] (see Sections 1.1.1 and 2.1.2 for more on the Information
Deficit Model). An EE investment decision-maker with technical knowledge of the project can
more readily understand how the equipment will operate in their specific energy management
program and visualize how the technology will contribute to their building’s primary function
[91], [96]. Thus, knowledge should increase technology accessibility in the EE market and also
reduce uncertainty of investment benefits [97].

Although the commercial building EE literature is currently advanced on topics related to
Economics and Technology, influences related to Psychology and Context are less explored. The
next section highlights non-economic factors related to EE investment decisions as they are

presently characterized in the literature and suggests areas for further research.
2.1.2 Psychological and contextual influences

Influences related to Psychology and Context (Table 2) include the decision-maker’s own set of
individual differences and decision-making heuristics as well as social influences that could
occur within the building (e.g. tenants) or from outside the building (e.g. other buildings).
Psychological influences are shown to be substantial forces in similar areas of pro-
environmental behavior such as recycling, taking action towards pollution control, and
implementing residential energy efficiency. In the recycling literature, we find that certain
relevant attitudes (e.g. environmental concern) are more predictive of recycling if it requires a
high degree of effort, which can be influenced by situational factors such as prompts, normative
influence, and feedback [98]. In addition to attitudes and situational factors influencing pro-
environmental behavior, there also exist theoretical models that connect pollution mitigation
behavior to moral norms against human and environmental harm [99]. Moreover, studies in the
residential sector find that non-price incentives (e.g. health and environmental benefits) increase

participation rates in energy savings programs more effectively than messaging that focuses on

2 There exist 10 separate 2030 Districts, spanning Seattle to Stamford, with building owners committed to 50%
reduction in energy use, water consumption, and transportation emissions by 2030 (2030 Districts 2015).
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economic benefits; effect is enhanced in participants who claim having pro-environmental
attitudes [68], [70], [71].

Explanations for pro-environmental behavior that extend beyond neo-classical economic
theory, which characterize the residential sector, may also apply to commercial EE investment
decision-making. For instance, a decision-maker with pro-environmental beliefs may willingly
invest in EE, reducing the significance of economics (should they be unfavorable) in their
decision [100]. Furthermore, decision-making heuristics, such as bounded rationality, can stifle
EE investment action due to the investor’s potentially limited knowledge of or search capacity
for technologies/incentives, their misunderstanding of the EE technology functionality, or simply
their lack of time for making a decision [101]. Another heuristic, time discounting on
investments, tends to discourage decision-makers from EE investments due to their aversion for
paying up-front costs (including an implied opportunity cost) for delayed cost savings [100].
Time discounting may also be influenced by the availability of cost savings information and its
corresponding certainty [69]. Empirical evidence suggests that owners have relatively high
implicit discount rates compared to the market discount rates, ranging from 25% to over 100%
[102]-[104]. These high discount rates could suggest that commercial EE decision-makers
perceive higher uncertainty in returns on EE investments than other types of investments [94],
[97], [100]. Alternatively, a high implicit discount rate could suggest investors are simply
looking for short payback periods (e.g. 3 years) for energy efficiency projects; corresponding to
high internal rate of return (IRR) values. As many EE investments fail to achieve rapid payback
and a high IRR, some investors will find them unattractive, especially when considered in
addition to other, necessary investments with low profitability [105]. However, many energy
efficiency investors do not even compute the IRR or compare them to the weighted average cost
of capital (WACC), which would more often yield a positive investment decision if they agreed
that projects with profitability higher than the WACC would increase overall profitability [105].
Ultimately, it is difficult to attribute inaction on investments to single metrics, like discount rates,
due to the complex set of decision factors, potential conflicting goals of the decision-maker(s),
and the lack of conformity on investment capital practices in this domain that often fly in the
face of finance theory prescriptions [51]. It does seem that trepidation towards EE investments
might be reduced if there exist some element of Corporate Social Responsibility (CSR)

motivated from within the decision-maker [106]. CSR could also provide external motivation to
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a building owner who is considering EE by increasing competition in the commercial building
community, which informs the decision-maker’s Context of internal and external influences
(Figure 1).

Table 2. Psychological and Contextual influences to energy efficiency adoption.

Psychological Influences References
Attitudes towards energy efficiency [100]
Heuristic decision-making [101], [107]
Time discounting [42], [102], [103]
Uncertainty & perceived risk [94], [97], [100]
Corporate social responsibility [106]

Contextual Influences References
Organizational structure [49], [51]
Societal Norms [49], [108]
Community Characteristics [72], [109], [110]
Corporate social responsibility [106]
Stakeholders (e.g. tenants) [111]
Sustainable legislation [92], [93]
Building codes [100], [112]
Real estate market [93], [111]

Several studies have focused on how Context influences residential energy efficiency
adoption. Often social network analyses related to energy efficiency focus on residential
consumers’ responses to monitoring and reporting of electricity consumption, either privately or
on a public benchmarking website [68], [72], [73], [113], [114]. For instance, in a randomized
field study of 600,000 U.S. households, Allcott [115] found a 2% reduction in energy
consumption after OPOWER provided Home Energy Reports. Furthermore, Peschiera and
Taylor [116] demonstrated an inverse relationship between residential energy consumption and
the number of comparable peers. Economic sociologists also posit that residential consumer
action is embedded in social relations and that community forums or neighborly competition
may inspire EE investment decisions and increase technology diffusion [82], [108]. Therefore, it
seems plausible that these social influences could also infiltrate commercial building EE
investment decisions. Yet, these direct social influences might be harder to trace due to the
complexity of the stakeholder structure and decision process within the commercial sector [51].

Another source of external influence on the decision context includes the informational

materials available to the decision-makers. Indeed, some energy efficiency policies aim to
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promote desired behaviors and investments by simply increasing information dissemination and
closing the Value-Action Gap that persists when members of society espouse pro-environmental
values but do not act in accordance with them [38]. However, this theory of behavior change,
coined the Information Deficit Model, fails to address why some incentive program
communications may result in non-activity or worse, increased resistance to invest [39]. In fact,
information conduits are just as important as the energy information. Lutzenhiser et al. [117]
found in a series of expert interviews that energy efficiency decision-makers have varying levels
of skill and expertise in different professional domains and decisions contexts, “all of which
affect their ability to access, process, and act on energy information.” Additionally, in an
interview study of organizations who participated in an energy audit program, Goitein [118]
found that lack of information was one of the least likely barriers to energy efficiency to be listed
(cited less often only by “not having a good contractor”). As such, these complex dimensions of
information diffusion and decision-making are little understood in the context of commercial
building energy efficiency investments.

Aside from external social influences (e.g. commercial owner peers and energy efficiency
campaigns), Context for a commercial building owner could also include organizational/internal
influences, legislation, and the real estate market. Organizational influences are those related to
the composition of the building ownership/management structure as well as the mission of the
organization. In fact, in the commercial building sector, one should likely reject the unitary
rational actor model in favor of an organizational decision-making perspective that incorporates
power dynamics, as organizations are often comprised of a collection of actors with individual
objectives that could be in conflict [118]-[120]. For instance, a dedicated EE coordinator in a
management team may identify opportunities more effectively than a building engineer who is
primarily concerned with keeping the building systems in good condition and pleasing the
tenants [51]. Indeed, Stern et al. [121], identifies addressing and improving in-house energy
expertise, empowering building operators, and using information technologies such as social
media throughout the organizations as opportunities for reducing commercial energy
consumption. Building stakeholders, such as tenants, influence decisions by requesting
reductions in energy costs and improvements in air quality [111]. Building energy codes, such as
those established by the American Society of Heating, Refrigeration and Air-Conditioning

(ASHRAE) or the International Energy Conservation Code (IECC) mandate inclusion of EE
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technologies and practices in new construction designs [112], [117]. However, energy codes and
other EE legislation may be futile if there exist information gaps [84], rebound effects [74], [75],
or capital constraints that undermine compliance with energy legislation [100]. Therefore, policy
makers should bridge the normative component of commercial building EE policy with the
descriptive component in order to design behaviorally realistic prescriptions that yield energy
savings at a level comparable to other successful nationwide initiatives such as the CAFE
standards or appliance efficiency standards [90], [122].

The existing commercial building EE literature currently addresses several important
influences; however, it may omit additional behavioral and social factors addressed in other
domains that may be pertinent here. This study aims to identify those additional factors and
clarify the distinction between influences related to Economics/Technology and
Psychology/Context. The next section entails the development and implementation of an
interview protocol designed to explore EE investment decisions, followed by an explanation of
the analysis methods (Section 2.3) employed in this study. Section 2.4 outlines the results of the
cognitive interviews, Section 2.5 provides a discussion of implications of these results relating to
EE policy, and Section 2.6 concludes with suggestions for future work.

2.2 Materials and methods

It is difficult to reach commercial building owners/managers due to their limited time and often
limited resources (e.g. building staff). This may be one reason why many energy efficiency
studies that employ a behavioral sciences approach tend to focus on the much more accessible
residential sector. Therefore, we ascertained that it was best to first employ an interview study to
explore what factors might be prevalent in the commercial building population before developing
and implementing a survey. Since we obtained a smaller, non-representative sample we do not
make statistical claims of these findings. However, our interviews did allow us to explore the
various factors that decision-makers intuit are important as well as to compare these factors to

those already identified in the literature.
2.2.1 Interview protocol

The interview protocol was informed by the Mental Models approach, which is a systematic
method for determining knowledge gaps between experts and laypeople in order to design

effective risk communications [123]. The Mental Models approach primarily involves three
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steps: (1) normative research, (2) descriptive research, and (3) prescriptive research [123].
Normative research includes a review of the literature and consultation with experts to identify
the key information that needs to be communicated to the public (expert model). Next,
descriptive research is performed through interviews and surveys with laypeople to determine
their knowledge, values, and beliefs about the information experts deem important and how they
actually make decisions (lay model). Finally, through a systematic comparison of expert and lay
models of decision-making, prescriptive research identifies gaps in knowledge or differences in
perception and values to be addressed through a risk communication. These risk communications
avoid pitfalls resulting from the presumption that a researcher knows in advance the full set of
potentially relevant beliefs, knowledge, and values, as well as the terms in which they are
intuitively expressed. Historically, these communication materials aided the public in making
informed judgments about risks associated with such topics as health and climate change [124],
[125]. In our study, we adapted this approach to identify potentially important factors influencing
EE decision-making between owners/managers and experts. Comparing these two groups is
particularly useful for determining existing knowledge differences regarding the Psychological
(perhaps unrecognizable in consulting meetings) and Contextual (potentially effective
information conduits) influences.

In our interviews we were particularly interested in Psychology and Context, as we found
this to be less examined in the commercial EE investment decision literature. Therefore, our
reported findings reflect this focus. Furthermore, since the commercial EE literature regarding
the Psychology of commercial EE invests is relatively limited, our protocol was less informed in
this area and discussions were more organic. The protocol was designed to encourage
interviewees to openly discuss their perspectives on large commercial building energy efficiency.
We developed two different versions of the interview protocol, one for EE experts (see Appendix
A.2) and one for building owners/managers (see Appendix A.3). The overall structure and
content of the protocols were similar and are briefly summarized in the paragraphs below (see
Appendix A.4 for further details). The protocol was pilot tested in April 2015 for
comprehensiveness by two energy efficiency consultants from Chicago and two scholars of
behavioral decision sciences from Carnegie Mellon University in Pittsburgh.

The first part of the interview started with open-ended questions. The first set of

discussion topics considered market gaps or energy policies in Pittsburgh and included questions

-15 -



such as the following: “Can you describe what, if any, areas of the market have had less
penetration in regard to energy efficiency?”” The second set of topics allowed the interviewees to
openly describe what they think might motivate or prevent EE investments and included
questions such as: “What do you believe motivates building owners/managers to pursue energy
efficiency?” Finally, the third set of open-ended questions allowed participants to discuss the
extent to which building owner/manager investment decisions are motivated by social
influences: “Can you tell me more about how opportunities to invest in your building came to
your attention?”

The second part of the interview involved three ranking exercises. Participants were
asked to rank 17 motivations and 20 barriers to EE investments in order of descending
importance, where 1 = most important and 17 (or 20) = least important. They were asked to add
any seemingly missing concepts and tied rankings were also permitted. Additionally,
owners/managers performed the same ranking exercise for a set of 24 social influences. The
items contained in each of the three sets were informed by the literature [12], [56], [86], [92],
[93], [100], discussions during the pilot tests, and additions provided by the interviewees (see
Appendix A.5). Finally, interviewees answered demographic questions, reported on their

interview experience, and noted any topics missing from the protocol.
2.2.2 Recruitment and participants

Our sample included building experts and owners/managers of large commercial buildings
having an area of > 50,000 ft? in Pittsburgh. We interviewed a total of 20 participants — one
group of ten experts and one group of ten owners/managers. Plateauing concept saturation curves
for each group (see Appendix A.6) confirmed sufficient sample sizes [123].

We collaborated with Pittsburgh’s Green Building Alliance (GBA) to recruit much of our
non-representative sample and employed snowball sampling methods to recruit the remainder
[126]. Snowball sampling involves participants listing any social connections they believe might
be interested in participating in an interview. Seven experts and nine owners/managers were
affiliated with the GBA’s Pittsburgh 2030 Districts. We recruited from both of Pittsburgh’s 2030
Districts — Downtown and Oakland — which comprises 70% of the real estate square footage in
Pittsburgh. We assumed expert involvement in the 2030 Districts did not drastically bias their EE
knowledge. We did not make the same assumption for owners/managers. However, we defined

“energy efficient” as a combination of varying levels of commitment and internal/external
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competition (see Appendix A.7). In Pittsburgh, for instance, an owner/manager might compete in
the Green Workplace Challenge, which involves a high level of commitment and external
competition; together, these two attributes of energy efficiency programs can lead to high actual
achieved energy savings in the building [127]. Irrespective of EE labeling, the intention of this
study was to elicit a set of concepts related to the behavioral and social influence impacts to EE
investment decisions. We do not make claims regarding the prevalence of these concepts in the
population of owners/managers in Pittsburgh or elsewhere.

Of the total 20 participants, 60% were male. Most participants were between the ages of
25 and 54 (70%), and the remainder were over 54 (30%). The majority of owners/managers had
pursued Energy Star and LEED (70%); this group included representation from Class A
commercial office buildings, hospital campuses, and university campuses. Experts included
those from EE consulting, academia, real estate, and policy. Each interview took approximately
one hour to complete, was audio-recorded, and participants were compensated with a $50

Amazon gift card for their time. Appendix A.8 provides additional demographic information.

2.3 Analyses

2.3.1 Coding

All interviews were transcribed either directly by the lead author or split into five-minute audio
files and processed by transcribers recruited though Amazon Mechanical Turk.® The lead author
checked all Mechanical Turk transcription file for errors before compiling each interview. Using
NVivo,* the lead author performed an open-coding procedure, which is an inductive and iterative
approach for comparing responses of the two groups [128]. While coding open-ended responses,
the lead author assigned each common or new concept in the interviews to one or multiple codes
(short labels that summarizes the content). The lead author developed a master code by
performing a first-round assessment of the ten expert interviews. Next, the lead author consulted
with the second author on coding scheme, made refinements, and performed a second iteration of
coding on the expert interviews. The lead author used this refined master code to assess the ten
owner/manager interviews and additional codes were created for any new findings. Finally, the

lead author recoded the expert interviews with the new codes. A second coder independently

3 Mechanical Turk is an online forum where “workers” are compensated for assisting in research, such as
participating in an experiment or transcriptions. Web link: https://www.mturk.com/mturk/welcome
4 NVivo is a qualitative data analysis software by QSR International. Web link: http://www.gsrinternational.com/
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coded the interviews and a final assessment resulted in a Cohen’s Kappa coefficient of 73%
agreement. The Cohen’s Kappa coefficient is a measure of inter-rater reliability, which considers

the pairwise agreement between the coding schemes of two coders while taking into account the

amount of agreement that could be expected to occur through chance [129]. The major code

groups are summarized in Table 3 and a full list of sub-codes under these categories can be

found in Appendix A.9.

Table 3. Major code groups.

Code Group

Description of Excerpts

EE Definition

Metering

Work Experience

Relationship with Building Engineer
Investment Decision Process
Organization Details

Reason for Repeated Business

EE Climate

Market Gaps

Market Gap Solutions

Energy Star Designation

Energy Star Target Goals

LEED Certification

LEED Target Goals

Mandatory Energy Benchmarking
Mandatory Energy Auditing
Perception of EE Public Subsidies
Motivations

Barriers

Social Influences

Pro. Societies — Purposes

Pro. Societies — Level of involvement

Building Technologies

Interviewee definition of energy efficiency

Utility measurement type (e.g. sub-metering)

Interviewee work experience

Relationship betw. building engineers and owners/managers
How EE investment decisions are made

How experts describe their organization

Explanations for why a client/consultant relationship is lasting
Perception of Pittsburgh’s building EE climate

Perception of lagging building sectors

Suggestions for closing the gap

Perception of Energy Star

Suggested improvements to Energy Star

Perception of LEED

Suggested improvements to LEED

Perception of mandatory energy benchmarking in Pittsburgh
Perception of mandatory energy auditing in Pittsburgh
Perception of EE public subsidies

Perception of EE motivations

Perception of EE barriers

Perception of EE social influences

Perception of the role of professional societies

Level of involvement in professional societies
Aspirational/difficult technologies to implement

We calculated frequency of mentions for single sub-codes for each participant and

compared the overall frequencies between the two groups. For instance, we compared the

number of mentions for the sub-code titled EEClowpriority (“energy efficiency is a low priority

in Pittsburgh”) between experts and owners/managers to gain an understanding of how these two

groups perceive the EE climate in Pittsburgh. Additionally, we developed pairings for the sub-

codes and calculated frequencies of mention to determine which interactions occurred most

often. As an example, we looked at a combination of the sub-code titled ESTARpositive

(“Energy Star mentioned positively”’) with a sub-code such as RBEpositive (“owner/manager has
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positive relationship with building engineer”). Finally, we studied the number of participants
mentioning each sub-code or sub-code pairing to gain an understanding of the potential

difference in prevalence of certain concepts between the two groups.
2.3.2 Ranking data

Ranking results were explored first by frequency and secondly incorporating their ordinal
component. To compare the number of listings between experts and owners/managers, we
developed dot plots representing the number of unique listings in each category. Since only the
owners/managers ranked social influences, it was unnecessary to perform comparative analyses.
Next, ranking plots and simple descriptive statistics helped to further characterize the ordinal
component of the barriers, motivations, and social influences rankings. Finally, the ranking data

was supported by some key findings from the open-ended discussion portion of the interviews.

2.4 Results

2.4.1 Coding results

Our analyses revealed 95 unique responses from ten experts and ten owners/managers in
Pittsburgh. Overall, participants most frequently discussed financing & budgeting for EE
investments, organization & jurisdiction of decisions, and economic barriers Table 4. This
interview study was designed to be exploratory research aimed at uncovering important factors
to commercial building EE investment decision-making and potential policy interventions that

could be informed by the decision-making behavior.
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Table 4. This table depicts the three most frequently discussed topics among the interviews with
all participants (n = 20). These subcodes represent unique items that fall under broader topic
categories. For instance, IDP represents the Investment Decision Process code and BAR
represents the Barriers code.

No. of % of Participants
Subcode Description Mentions  (No. of Participants)

What the decision-maker targets in
IDPfinancing& budget incentives, financing, and budget 63 70% (14)
of EE investment decisions

Chain of command and jurisdiction

IDPorganization in EE investment decisions

53 85% (17)

Economic or financial barriers to
BAReconomic-not.split.inc. EE investment decision unrelated 48 75% (15)
to split incentives

In this paper, we further analyze the subcodes in the context of (1) Investment Decision
Process and (2) Potential Public Policy Interventions. The Investment Decision Process category
includes budget details as well as technical information required to make EE decisions. This
category comprises 268 mentions and 100% of the participants discussed it at some capacity
during their interview. The Potential Public Policy category includes discussions regarding
mandatory energy benchmarking, mandatory energy auditing, and public subsidies. Combined,
participants mentioned topics in this category 92 times and 100% of the participants discussed
this topic category at some capacity during their interview. In the last section of coding results,
we discuss some potentially emerging topics in the field of EE investment decision-making.
Discussions of Investment Decision Process
A large portion of the open-ended interview protocol was aimed at characterizing the EE
Investment Decision Process simplified in Figure 1. The dual protocols allowed for comparison
of the cognitive model of the Investment Decision Process between experts and
owners/managers. Figure 2 illustrates the total number of mentions by each group throughout the

interview, categorized by each component.
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Figure 2. Comparison of number of mentions regarding the four components to EE investment
decision-making: (1) Context, (2) Economics, (3) Technology, and (4) Psychology. Each bar
represents the total number of mentions throughout the open-ended interview section.

Appendix A.10 includes a full description of what subcodes are in each component of the
Investment Decision Process; Context includes 37 subcodes, Economics includes 6 subcodes,
Technology includes 4 subcodes, and Psychology includes 4 subcodes. In this figure, the number
of mentions in each of the EE investment decision components has a similar decreasing pattern
for both groups of participants. However, owners/managers tended to discuss the contextual
influences to the decision-making process more than experts. Table 5 includes combined and

simplified subcodes to illustrate the most commonly discussed topics between the two groups.
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Table 5. Frequency of mention table depicting interview discussions surrounding the Investment
Decision Process. Numbers in parenthesis represent total number of participants in each group

that mentioned the concepts during their interview.

Number of Mentions
(Number of Participants)

Investment Decision Process Expert Owner/Manager
Context
Organization (chain of command, jurisdiction) 26 (9) 27 (8)
Goals & strategy (investment strategies) 8(4) 31(7)
Investment consultant 0(0) 32 (10)
Barriers related to organizational & social influences 43 (9) 24 (8)
Motivations related to organizational & social influences 60 (9) 47 (10)
Social influences mentioned during interview 47 (7) 123 (10)
Discussion of building staff 6 (4) 98 (10)
Economics
Investment financing and budgeting 18 (4) 45 (10)
Desired economics of investment 20 (8) 25 (9)
Barriers related to economics 53 (8) 24 (7)
Motivations related to economics 23 (7) 17 (6)
Technology
Investment information (technical details of equipment) 19 (8) 17 (7)
Decision-maker pilot tests the equipment 0(0) 9(4)
Barriers related to building systems 38 (8) 16 (7)
Motivations related to building systems 18 (6) 9 (5
Psychology
Fear of change 13 (4) 4(3)
Mental accounting 1(0) 0(0)
Agenda setting 1(0) 3(2)
Rewarding work 1(0) 6 (4)

Owners/managers discussed their investment financing strategies and desired project

economics more frequently than experts. There was much disparity in the various budgeting

strategies described for EE investments; participants mentioned rotating funds, energy service

contracts, and combined budgets (e.g. utility and EE projects). Budget responsibilities also

varied across owners/managers; some managers had authority to implement projects not

exceeding $50,000 in capital expenses, while other managers needed owner approval for every

purchase. Despite the differences in budgeting practices, most experts and owners/managers
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tended to agree that decision-makers focus on simple economic indicators, such as simple

payback period,® which varied depending on the building type.

“This is a generalization, but certain federal governments are looking for upwards of a 15-yr
payback, higher education looks for upwards of a 10-yr payback, healthcare looks for 5- to
6-yr payback, commercial office building owners are looking for somewhere between 3- and
5-yr paybacks, and industrial sector is looking for less than a 3-yr payback.” (Participant
EE2)

Aside from economics, owners/managers also frequently mentioned investment goals and

strategies as a large part of their EE Investment Decision Process (31 mentions, 70% of

owners/managers).
“We try to be strategic about our investments —we do multiple analyses to find the different
building energy hogs across our portfolio. We have what we call the good, the bad, and the
ugly. The good buildings don’t need much investment, just operational tweaks. The bad and
ugly might need more retrofits.” (Participant OM2)

In fact, the goals sometimes involved non-economic attributes of an investment such as

maintaining innovative competitiveness in the building sector.

“It’s more of the innovation behind those projects and trying to be the company that’s setting
the first step into some of that new work.” (Participant OM2)

Whereas the experts tended to think owners/managers’ goals more often centered on economics.
“And they usually show interest in one specific thing. Like they’ll latch onto, ‘Oh, I want to
save money on my energy bills,” or they’ll latch onto, ‘Oh, you’ll do my utility analysis for
me.’” (Participant EE 5)

Additionally, owners/managers discussed their processes for investigating opportunities, which

often involved consultants assessing their systems and performing pilot tests before

implementing a technology throughout their building portfolio. The Investment Consultant
subcode included the number of times owners/managers discussed this process and their stance
on reaching out to a consultant for advice. Owners/managers that did work with consultants

found them through trusted networks.

5 Simple payback period is the period of time required to recoup the funds spent on an investment; for an EE
investment, this would be the amount of time required to recoup the funds from the annual energy savings.
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“We invite people to bid based on their qualifications and experience — both experience with
use and others. Then once you have been invited to bid, you are sort of pre-qualified for the
project. We get five or six people that we believe are a good fit for the project. ” (Participant
OM4)

It seemed that without that experience or trust in place, owners/managers might avoid
consultants.

“My experience with consulting groups is that just because you can come in and say that
changing a setpoint is going to make a difference, you still need to sit down and talk with my
building engineers — because maybe they already tried and it doesn’t work.” (Participant
OM1)

Discussions of potential public policy interventions
The next most frequently discussed topics involved potential EE policy interventions (Table 6)
such as mandatory energy benchmarking, energy audits, and public subsidies.

Table 6. Total mentions regarding EE policy interventions.

No. of Mentions (No. of Participants)

Public Policy Interventions Expert Owner/Manager
Mandatory Energy Benchmarking

Positive 15 (9) 8 (6)
Negative 2 (1) 8 (5)
Methodology 4 (3) 2 (1)
Mandatory Energy Auditing

Positive 6 (6) 33
Negative 6 (4) 8 (6)
Methodology 4 (3) 2(2)
Public Subsidies

Positive 9 (6) 33
Negative 1(1) 2(2)
Methodology 4 (4) 5(4)

Owners/managers were fairly neutral about energy benchmarking, but preferred if it was
disaggregated by buildings types so that inherently large consumers (e.g. hospitals) were not
penalized. Experts and owners/managers agreed that mandatory energy auditing resulted in
funding issues — both for the audits as well as the recommendations outlined in the audits.

“It’s an unfunded mandate. In some cases you can measure it [energy efficiency] or you can

do it, but you don’t have the money to do both.” (Participant OM4)
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Furthermore, experts believed mandating energy audits would not lead to action if the
owners/managers were uninterested in energy efficiency.
“I think it’s beneficial when people do it voluntarily, because then they 're more bought into
it. If they don'’t like it or don’t want it, they 're probably not going to implement the solutions
anyway.” (Participant EE7)
Although experts felt positively about public subsidies, owners/managers were sometimes
uncertain of their eligibility or did not understand program requirements (e.g. monitoring and
verification).
“They watch you so much and if you don’t do it right then you have to pay them back. So
there are strings attached. I like small governments.” (Participant OM6)
Supporting this finding, experts who spoke positively of public subsidies also mentioned
information as a major barrier to EE investments (50% of the experts mentioned both concepts)
and participants thought it was important to have organizations dedicated to summarizing all
funding opportunities and technologies available to the decision-makers.
“You need organizations to hand it to managers on a silver platter, ‘Look, this is what you
could be doing, we will give you all the information you need to do it.’ ...I mean probably
75% of our projects are paid [with incentives]. Once again, I don’t think there’s enough
companies out there to pass along the information.” (Participant OM5)
Other studies also illustrate information gaps, such as a misunderstanding of the most effective
investments for conserving energy (Attari et al. 2010) and more classical market failures (e.g.
inadequate provision of incentive information) leading to low adoption rates of EE technologies
and utilization of public incentives (Jaffe and Stavins 1994; Swim et al. 2014).
Potential emerging topics
A few concepts arose in the interviews that are, to our knowledge, not currently or heavily
considered in the building EE literature. These items were coded as Fear of Change (17
mentions, 35% of participants), Mental Accounting (1 mention, 5% of participants), Agenda
Setting (4 mentions, 15% of participants), and Rewarding Work (7 mentions, 25% of
participants). Fear of Change was described differently by various participants, but included

barriers related to technical knowledge and reluctance to implement a new system.
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“The facilities people aren’t working all the time... so if an Energy Manager came in, they
would require more work and that would result in a Fear of Change. And the [facilities]
people don’t always choose the projects, but they are certainly instrumental in the savings
over time.” (Participant EE7)
One expert explained that owners/mana