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A B S T R A C T

Even when the benefits seem to outweigh the costs, many building owners do not invest in energy efficiency.
Here a framework is presented for understanding energy efficiency investment decisions drawing on methods
from behavioral decision research. The approach begins with a normative analysis that characterizes how
building owners should behave, compares this to interview and survey data from decision-makers, then con-
cludes with policy recommendations suggesting how to bridge that gap. The framework is demonstrated with a
sample of class B and C office building owners in Pittsburgh, a population believed to under-invest in energy
efficiency. Interviews (n=16) and a survey (n=132) found that while uncertainty and a lack of information
about costs and energy savings play a critical role in decision-making, a significant proportion of the respondents
also express aversion to debt and a lack of sensitivity to split incentives. Based on the results, providing owners of
class B and C offices cost–benefit information and resolving energy savings uncertainty through guarantees, trial
periods, or grants that fully subsidize energy efficiency for a small part of a building may be a way to enhance
investment. The approach can be applied to other energy efficiency decision-making contexts by anyone with
training in behavioral research.

1. Introduction

Energy efficiency is one of the most important tools for mitigating
climate change [1], and the commercial buildings sector has a large
potential for implementing cost-effective energy efficiency improve-
ments (e.g., occupancy sensors) [2]. Unfortunately, this sector also has
a track record of slow market diffusion of energy efficiency improve-
ments [3–5]. To better understand the causes of this slow diffusion,
researchers have examined the barriers faced by owners of commercial
buildings. However, work has solely focused on larger commercial
buildings, that face very different constraints (e.g., corporate social
responsibility [6,7]) than smaller commercial buildings, that are in-
formally rated as class B or C according to their value, amenities, and
expected rental price.1

To understand the decision-making of owners of class B and C of-
fices, the present paper uses the tripartite analytical approach of be-
havioral decision research [8], an approach that has been applied
across a variety of domains, from health decisions [9] to energy policies
[10] and decisions related to climate and energy systems [11,12]. von

Winterfeldt and Edwards [8] divide the approach into three compo-
nents: (1) a normative analysis, considering when and why a building
owner with economically focused and well-constructed preferences
should invest in energy efficiency,2 (2) a descriptive analysis, com-
plementing existing behavioral findings by using interviews and a
survey to identify the concerns that actually matter to building owners,
and (3) a prescriptive analysis that suggests how energy efficiency pro-
gram designers, such as utilities or regulators, might use the results to
improve program performance. The approach embraces both the
formalism of decision analysis [13] and the empiricism of com-
plementary social sciences (e.g., psychology, anthropology, sociology),
using normative analyses to carefully specify the decision problem, and
descriptive analyses to test that characterization and allow new results
to emerge. The approach is illustrated using the energy efficiency in-
vestment decisions of owners of class B and C offices in Pittsburgh PA.

1.1. Normative analysis

The normative analysis in this work draws on previous research
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investigating influences on energy efficiency decision making [14–20].
It focuses on four factors that have substantial theoretical and empirical
support, and were relevant from informal discussions with experts fa-
miliar with class B and C offices. These four factors are necessary
conditions for investment by building owners with economically fo-
cused preferences: (1) low uncertainty in energy savings, (2) capital
availability, (3) time preference, and (4) incentive alignment between
landlord and tenant. These are normative influences on decision-
making because they are consistent with the axioms of rational pre-
ferences [21], and how those preferences should be related over time
[22].

First, building owners should be wary about investing in energy
efficiency if the energy savings are uncertain, depending on the occu-
pancy patterns of the building, weather, and technology performance
[14,23]. For example, in one study of 447 commercial buildings ret-
rofitted with energy saving measures, Greely et al. [24] found that most
(two-thirds) of the actual energy savings deviated from the predicted
energy savings by more than 20%. Investing in energy efficiency means
that the building owner accepts this uncertainty, with its potential
downside. As expected from this analysis, homeowners in the re-
sidential sector [25,26] who are more risk averse are less likely to in-
vest in energy efficiency. Second, building owners may not purchase
energy efficient equipment because they simply do not have enough
money to pay the up front capital costs [27]. There is evidence that
some firms are unwilling (or unable) to use debt to finance energy ef-
ficiency investments [28]. Third, rewards in the future are often dis-
counted, tipping the balance against energy efficiency, that promises
delayed rewards (energy savings) in exchange for immediate capital
costs [27]. Previous economic studies have found that the discounting
of energy savings is both large and variable [29,30]. Finally, building
owners do not always directly benefit from investments that make their
building more energy efficient because in many buildings tenants pay
the utility bills. For example, Schleich [31] conducted a cross-sectional
survey of 2000 organizations in the commercial and services building
sector in Germany and found that buildings with renters tended to be
less likely to adopt at least half of the relevant energy efficiency mea-
sures for their building compared to owners that also occupied the
building.

To characterize these normative issues we present the following
simple mathematical model of an idealized energy efficiency invest-
ment decision. According to this model, building owners should invest
if the annual time-discounted and uncertainty-adjusted sum of the en-
ergy savings (ES) from an investment is greater than the annual time-
discounted (but certain) sum of the annual cost (AC) of that investment:
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Here, ESj is the annual energy savings in year j∈ {1, 2, … J} that accrue
to the building owner (not the tenants), δ* is the risk-free discount rate
(the market interest rate that would provide building owners a rate of
return of δ* per year for sure), δo (where “o” stands for “other”) is the
rate at which the energy savings are discounted above and beyond the
risk-free rate (e.g., taking other factors into account, such as un-
certainty). AC is the annual cost of a fully amortized loan (or building
owner's capital if self-financed) over j∈ {1, 2, …Q} years:
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where P is the capital cost, i is the effective annual interest rate, and q is
the number of years of the loan. The normative analysis holds that an
energy efficiency investment must: (1) provide a rate of return greater
than market alternatives (time discounting, δ*), (2) provide that rate of
return with enough certainty (uncertainty aversion, δo), (3) be within
the budget or financing constraints of the building owner (capital
constraints, AC), and (4) provide financial benefit to the building

owner, not just the tenants (split incentives). Further, the analysis
considers only narrow self interest, as opposed to broader altruistic
environmental concerns, as well as assumes that the building does not
face other regulatory constraints such as new building codes.

1.2. Descriptive analysis

The normative analysis specifies what building owners should care
about, if their preferences adhere to the axioms of rational choice and
they value only economic outcomes. In reality, descriptive studies have
demonstrated violations of these axioms, reflecting the use of a number
of simplifying choice heuristics [32–34], and concerns other than the
economics of investments, such as social and organizational factors
[35]. For example, cognitive studies in the decision sciences find that
decision processes are swayed by the characteristics of available options
and salient reference points [36,37]; that people are often uncertain
about what they want [38–40] and give different responses to choice
tasks that are logically identical but described differently [41]; and that
decisions made over time reflect more than pure time preferences [22].
Studies looking at social factors have found that people are influenced
by social norms, doing what they think others do, or following social
rules that they believe society prescribes [42]; that people care about
things other than money, such as the harm done to others by air pol-
lution [43–45]; and that subtle cues about what is expected of them can
change energy conservation behavior [46]. Thus, the normative ana-
lysis is contrasted with descriptive research using interviews and a
survey of class B and C office building owners in Pittsburgh, to de-
termine whether and to what extent the normative analysis captured
their concerns. Our descriptive analysis focuses on individual decision-
making (rather than group or organizational decisions), because in-
dividuals are the dominant owners of class B and C offices in our sample
(both from the database we compiled and their self-reports).

To conduct the descriptive analysis, data were obtained on building
class and owner contact information from a combination of sources,
including the commercial real estate database firm CoStar,3 real estate
searches using the Allegheny County Assessment, deed searches in the
Allegheny County records, and other internet sources (e.g., Googling).
Our sample frame included the entire population of class B and C offices
in Pittsburgh, including 327 owners of 504 buildings.

2. Interviews

The descriptive analysis began with 16 semi-structured interviews
[47,10] conducted in-person or by phone. These interviews started with
an unstructured section, giving us an opportunity to learn what
building owners had on their mind, followed by a structured section,
where specific topics of the normative analysis were examined in
greater detail.

2.1. Interview recruitment and participants

Interviewees were recruited by cold-calling building owners for
whom contact information was publicly available. The interviews lasted
about an hour and interviewees were compensated with $50 in cash or
a gift card. Interviewee ages ranged from 38 to 91 years; the majority of
interviewees were male, and one was female, reflecting the skew to-
ward male owners in the population; they had a variety of professions
including business owner, marketing professional, real estate manager,
physician, school teacher, financial advisor, and engineer; their edu-
cation levels spanned a wide range, from bachelor's degree to PhD; their
reported gross annual income from the building ranged from $−40,
000 (a loss) to a $2, 000, 000 gain; their buildings ranged in size from
2500 ft2 to 150,000 ft2; about half were class B and half were class C

3 http://www.costar.com/.
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buildings; and 10/16 interviewees also occupied space in the building
they owned.

2.2. Interview results

The interviews began with an unstructured section, where owners
were asked to talk about their buildings and energy systems in general,
then focused sections on energy efficiency getting at normative issues,
including a hypothetical heating system replacement scenario, and
hypothetical choices among programs designed to help them replace
their heating systems. The interviews were coded and analyzed using a
formal coding scheme implemented by three research assistants. Below
are those findings most relevant to the normative analysis.

First, no interviewee spontaneously mentioned uncertainty in the
energy savings as an issue of concern. Furthermore, when asked whe-
ther they would want a guarantee of the energy savings, a few said that
they did not want one because guarantees were not possible in this
domain.

Second, no interviewee specifically mentioned the time value of
money (a discount rate), although a few who purchased the building as
an investment property mentioned specific thresholds for return on
investments that they would consider attractive. For example, Owner 9
said:

“My criteria for my return is very simple: I look at the safe invest-
ment return available on the market, and the safe investment return
in the market today is generally in a S&P 500 stock fund, that could
be 5%, or in a certificate of deposit, that could be 2.5%. If I could
double that … I’m willing to do it.” (Owner 9)

Third, when asked about how they paid for improvements to their
building in the past, about half of the interviewees (which constituted
7/10 owner-occupiers) tended to use their own financing for im-
provements. They said things like:

• “I didn’t borrow any money.” (Owner 6)

• “… everything has been cash.” (Owner 7)

• “… well basically I paid cash for it.” (Owner 10)

Fourth, when asked about who pays the energy bills in their
building and whether that matters, interviewees did not consider it a
big issue. Instead, many spontaneously mentioned that their main goal
was tenant retention. Additionally, many interviewees relied on their
contractors for information, and had strong ties with them:

• “… you pretty much go with what the people selling it to you tell
you, or someone who gives you advice on that … A lot has to do
with the person you’re dealing with and the person he deals with …
So if the guy is a Lennox dealer, then you go with a Lennox unit.”
(Owner 4)

• “These are people that, for the most part, people we have worked
with for many many years.” (Owner 16)

In sum, the semi-structured interviews revealed that interviewees:
(1) did not spontaneously consider uncertainty in energy savings, (2)
infrequently considered the time value of their money, (3) rarely used
financing for improvements to their buildings, (4) were more concerned
about tenant retention than energy bills, and (5) often had relationships
with contractors that helped them scope potential projects. These initial
findings highlight the strength of the normative analysis to raise issues
that might be otherwise overlooked, as reflected in issues of uncertainty
and time preference. One surprise was that interviewees rarely used
financing, in contrast to our normative analysis where building owners
should use financing if the cost of the financing is less than the building
owner's cost of capital. Although suggestive, the interview results are
limited by the small sample size, so we explored these issues further in a
follow-up survey.

3. Survey methods

Following these initial interviews, a survey was conducted to eval-
uate whether the views that emerged from the interviews were reflected
in the broader population. The survey was pretested with 10 members
of the population to determine whether they understood the questions
and interpreted them as intended. Using the building owner database,
an attempt was made to recruit all 327 building owners to participate in
the survey. They were sent an initial recruitment mailing in early
November 2014, including the survey, cover letter, an addressed
stamped return envelope, and a $10 cash incentive. The cover letter
included the building owner's name or the name of the building owner's
holding company if the name could not be determined. If owners had
not responded in two weeks they were sent a follow-up postcard re-
minding them to return the survey. The postcard also provided them a
link to participate online. Two weeks after the postcard was sent, at-
tempts were made to contact owners in person. After these in-person
visits, attempts were made to contact non-responders by phone or
email. Approximately one month after the in-person contacts we sent a
second mailing wave with the survey, cover letter, an addressed
stamped return envelope, and a $10 cash incentive. In total, 132 of 327
(40%) building owners responded to the survey. Characteristics of the
population and sample are described in detail in the SI section 1. One
notable sample selection limitation was that, even though owner-oc-
cupiers accounted for the majority of the population, the sample was
biased toward owner-occupiers, likely because their contact informa-
tion was easier to obtain from county records and other sources.
Because most (74% or 72/97 that answered the question) of the re-
spondents were owner-occupiers, comparisons of the responses of this
group to building owners who did not occupy the building were not
possible.

4. Survey results

4.1. Choices

The survey began with two hypothetical choices about energy effi-
cient lighting improvements to respondents’ buildings. Lighting was
chosen because it accounts for about one-third of energy used in offices,
many lighting improvements are cost-effective, and lighting is the most
frequent target for energy efficiency improvements [48].4 Each choice
provided respondents with information about the costs and benefits of a
new energy efficient technology (see SI section 2 for calculations), and
asked whether they would prefer the new technology or the status quo.
While the normative analysis does not dictate any particular response to
these questions, responses were used in later comparisons and to
measure interest in energy efficiency, finding a high level. The choices
are shown in Tables 1 and 2, with the number of respondents choosing
each option shown in brackets below each table.

Table 1 shows that, of the 117 responses to the question about oc-
cupancy sensors (89% responding), 67 respondents indicated they
would invest in occupancy sensors (57% of respondents). At the end of
the survey, respondents were asked whether they had already installed
occupancy sensors, with 34 indicating that they had already made that
upgrade (26%). Table 2 shows that, of the 116 responses to this ques-
tion (88% responding), a substantial majority (76) indicated that they
would upgrade the linear fluorescents (66% of respondents). In-
dividuals’ choices for the two lighting upgrades were also correlated
(Pearson's r= .47, p < .01). In sum, most respondents were favorable
toward investing in their building's lighting systems yet had not made

4We also included a heating system choice task that produced very similar
results to the lighting task. Out of 97 respondents, 88% (=85/97) chose a more
expensive higher energy saving option and 12% (12/97) chose a less expensive
lower energy saving option.
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the investment, suggesting that other issues (e.g., uncertainty) stood in
the way of making that choice. Those issues are explored in the next
sections.

4.2. Uncertainty and information

To better understand whether uncertainty was one of those issues,
respondent attitudes were measured with respect to a number of ser-
vices that could help make it easier for them to invest in energy efficient
lighting systems. Consistent with the normative analysis, but con-
trasting with the interviews, uncertainty played a critical role in their
decision-making. Respondents were asked the following question:

“Suppose the following services could be provided to help you im-
prove the energy use of your building's lighting systems. Tell us
what you think about each of them using a rating from −3 to +3
described in the scale below.”

The scale was 7 points with labels “very unhelpful” (−3), “mod-
erately unhelpful” (−2), “slightly unhelpful” (−1), “neither helpful nor
unhelpful” (0), “slightly helpful” (+1), “moderately helpful” (+2), and
“very helpful” (+3). The services were described in the following
order:

• Energy Saving Comparables: Data on the energy savings in buildings
comparable to yours that improved their lighting systems.

• Energy Savings Assessment: Assessment by an engineer or architect
about the energy saving potential of improved lighting systems.

• Economic Assessment: A cost–benefit analysis of lighting system im-
provements most relevant for your building.

• Contractor Vetting: Vetting of potential contractors based on quality,
reliability, and customer satisfaction.

• Energy Tracking: Assistance in tracking your building's energy use
with energy management software.

• Contractor Scorecard: A public scorecard showing how well potential
lighting contractors have performed in the past.

• Guarantee: A guarantee that you will save a certain percent on your
electricity bills if you improve your lighting systems.

• Lease Structuring: Assistance in creating a lease structure that allows
tenants to pay for part of the cost of the lighting systems (skip this
question if your building does not have tenants).

As seen in Table 3, respondents were most favorable toward the
energy savings guarantee, which would reduce the uncertainty asso-
ciated with project benefits (in the form of energy savings). They were
equally favorable toward an economic assessment that would provide
information about the costs and benefits of energy efficiency invest-
ments. Both were rated significantly higher (according to a Wilcoxon
Signed Ranks Test,5 Wsr) than the next highest service, an energy as-
sessment.

To see whether the guarantee reflected the same concern as the
economic assessment, a maximum likelihood factor analysis with var-
imax rotation was used (see SI section 3) [51]. A two factor solution
provided two grouping factors [52], with the economic assessment,
energy assessment, and energy comparables all loading on the first
factor, while the guarantee, contractor vetting, and contractor scor-
ecard loaded on the second factor. As expected from the normative
analysis, these results suggest that respondents were concerned about
how much energy they would actually save. Interestingly, this concern
reflected uncertainty about project performance more broadly (not just
the technology), as indicated by the high correlations of contractor
vetting and contractor scorecard on the second factor (along with the
guarantee). Furthermore, they also wanted information about the costs
and benefits of those investments, and that uncertainty about project
performance and information about costs and benefits are separable
concerns.

4.3. Capital constraints

The next section explored whether respondents faced capital con-
straints, finding that most could pay for energy efficiency investments
themselves. Specifically, respondents were asked:

1. “How much do you think it would cost to buy and install new linear
fluorescent lamps, ballasts, and fixtures in your entire building?”

2. “Could you pay for that without getting external financing?”

Out of 110 responses to the second question, 87 (79%) indicated
they could pay for the lighting improvements out of pocket, while 22
said they could not, suggesting capital constraints were a problem for
only a minority of the sample (Table 4).

4.4. Time discounting

Although most respondents could pay for the improvements them-
selves, whether they prefer to pay themselves (or use debt) should

Table 1
Information shown to respondents about investing in occupancy sensors, and
the number stating they would invest (in brackets below).

Option A Option B
Occupancy sensors No change

Installed cost $125 per sensor $0
Annual energy cost savings $52 per year, per sensor $0
Lifetime 14 years
Time to pay back 2.40 years

[67] [50]

Table 2
Information shown to respondents about investing in linear fluorescents, and
the number stating they would invest (in brackets below).

Option A Option B
New linear fluorescent No change

Installed cost $55 per fixture $0
Annual energy cost savings $11 per year, per fixture $0
Lifetime 14 years
Time to pay back 5 years

[76] [40]

Table 3
Attitudes toward decision-making services. Items with different superscripts
denote p < .05 according to the Wilcoxon Signed Ranks Test.

Service −3 −2 −1 0 +1 +2 +3 Mean SD n

Guarantee 1 1 1 14 12 27 69 2.1a 1.2 125
Economic Assessment 1 1 0 12 13 39 61 2.1a 1.1 127
Energy Assessment 1 1 1 13 25 34 52 1.9b 1.2 127
Energy Comparables 4 2 0 19 25 29 47 1.7c 1.5 126
Energy Tracking 1 3 1 35 28 20 38 1.4d 1.4 126
Contractor Vetting 2 3 3 36 20 22 38 1.3d 1.5 124
Contractor Scorecard 1 1 1 41 29 21 33 1.3d 1.3 127
Lease Structuring 5 4 1 33 12 14 23 1.3e 1.3 92

5 The Wilcoxon Signed Ranks Test subtracts the ratings each participant gave
to one item (e.g., Guarantee) from another item (e.g., Energy Assessment), finds
the magnitude of that difference, ranks the magnitudes, then signs the ranks
based on whether the rating given to the first item or second item was greater.
Under the null hypothesis that the two items come from population distribu-
tions with paired differences normally distributed around zero, the sum of the
negative and positive ranks should be equal [49,50].
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normatively depend on their time preferences. This was explored with
the following question:

“Suppose you could lend that same amount of money to a com-
mercial bank. The bank would pay you back in monthly install-
ments, plus interest. What is the minimum annual interest rate you
would have to be paid to lend this money? Assume the bank will
definitely pay you back (there is no risk).”

The answer to this question can be used to identify the next best
investment respondents can make with their money, as those who re-
quire a higher interest rate to lend money should also require a higher
rate of return on an energy efficiency investment, to compensate for the
lost opportunity to invest elsewhere. Because there was no risk in this
investment it is denoted δ*, the respondent's risk-free discount rate. Of
the 132 respondents, 79 answered this question. Respondents’ δ* ranged
from 0% to 15% (median =5%, mean= 5.3%, SD =2.8%). Because
the rate of return from the linear fluorescents and occupancy sensors
was above the risk-free discount rate for all respondents (20% and 42%,
respectively), every respondent who could pay for the lighting im-
provement themselves should (if they perceived the energy savings as
risk free). However, 26 of the 76 respondents (34%) who could pay for
the linear fluorescents and 34 of the 77 respondents (44%) who could
pay for the occupancy sensors indicated they would not invest.

The finding that respondents did not invest purely based on their
risk-free discount rate suggests that an investment in energy efficiency
was not seen as the same thing as a certain return from a bank. To
capture the characteristics of energy efficiency that might account for
this discrepancy, we asked respondents about their willingness to pay
interest on a loan for energy efficiency:

“If you were to take out a loan from a commercial bank to finance
this, what is the maximum annual interest rate that you would be
willing to pay?”

Respondents should only be willing to take out a loan (paying some
annual amount for sure) in exchange for energy efficiency if they think
the annual benefits are greater than the annual costs. Thus, the max-
imum annual interest rate at which respondents are willing to borrow
estimates where these annual benefits and costs are perceived to be
equal. There were 82 responses to this question with respondents giving
a range of maximum borrowing interest rates from 0% to 10% (median
= 4%, mean =3.63%, SD =1.8%). Using a Wilcoxon Rank Sum Test6

(Wrs), those who rejected the occupancy sensors gave lower annual
interest rates, suggesting they expected lower economic benefits
(Wrs=2.6, p= .01). A similar pattern held for linear fluorescents

(Wrs=1.8, p= .08).
Using the measured risk-free discount rate δ* and the maximum

interest rate respondents indicated they were willing to pay on a loan,
we compare the contribution of the rate of pure time preference relative
to other factors that might reduce the perceived value of the energy
savings, denoted δo (see SI section 4 for details). It was possible to es-
timate δo for 63 respondents, with Fig. 1 showing the bivariate scat-
terplot of δ* and δo. As can be seen, δo varied from 13% to 25%, with a
mean of 16% (SD =2.3%). For almost all respondents δ* was smaller
than δo (Wsr=2013, p < .01), suggesting that other factors mattered
more than the time-value of respondents’ money. Respondents with
higher δo were also less likely to invest. The median δo was 15% among
those who chose linear fluorescents (mean= 15%, SD=2%, N=40)
and 16% among those who did not (mean=17%, SD=3%, N=17).
The difference in means was small (2%, Cohen's d= .8), and was sta-
tistically significant using the signed ranks test (Wrs=220, p= .04),
but not according to a t-test (t(20)= 2, p= .10). Note that discount
rates in the private sector are typically assumed to be 10-15% [48],
while in the sample, taking both risk free and risk-adjusted discounting
into account, the discount rates range from 17 to 35% for linear
fluorescents (mean=21%, SD=4%).

4.5. Debt aversion

The time discounting analyses suggested respondents were con-
sidering more than the time value of money when discounting the en-
ergy savings from an energy efficiency investment. However, because of
the non-response patterns in the data (with more than half not re-
sponding to all three questions about loans and loan length), these re-
sults should be interpreted carefully. Here some explanation is provided
of the other issues that respondents considered and the non-response
pattern, using a question that was designed to explore an extreme
aversion to debt, in that choosing to pay the full cost up front implies
the complete rejection of the use of debt to finance building improve-
ments (and a negative discount rate):

“Imagine that you have enough money to pay the full cost of the
lighting improvements up front, but also have the option of making
payments evenly divided across a fixed number of years. Assume
there is 0% interest on the delayed payments. Which would you
prefer? (Full cost up front or even payments over several years).”

• Full cost up front [ 35
115

]

• Even payments over several years [ 80
115

]

As can be seen, approximately one-third of respondents preferred to
pay the full cost of the improvement up front (implying a zero or ne-
gative discount rate). Those who rejected the loan outright also tended
to not respond to the interest rate question. Overall, of the 80 who
indicated they wanted the delayed payment, 26 did not respond to both
questions about interest rates (33%). In contrast, of the 35 who in-
dicated they wanted to pay the cost up front, 22 did not respond to both
interest rate questions (63%) (χ2(1)= 8, p= .005). Thus, a substantial
proportion of respondents (32%=42/132) refused to specify an in-
terest rate at which they would be willing to borrow or lend money.
Confirming this, respondents were also asked about their support for
lower interest rates on a loan, finding that those who preferred to pay
up front gave a lower median rating of 0 than those who preferred the
delayed payment, with a median rating of 1 (Wrs=1682, p= .04).
Likewise, respondents were asked about how comfortable they felt
borrowing money from a number of different organizations, again
finding that those who refused loans also felt less comfortable bor-
rowing from large banks (Wrs=1752, p= .003). In sum, respondents
that expressed debt aversion by rejecting the equivalent of a zero in-
terest loan also made responses on the survey consistent with that
aversion to debt, by not wanting support for lower interest loans and

Table 4
Factor analysis of decision-making service attitudes. Bold items indicate that
the item-factor correlation is greater than 0.4.

Item Factor 1 Factor 2 Uniqueness

Guarantee 0.11 0.50 0.74
Economic Assessment 0.88 0.14 0.21
Energy Assessment 0.86 0.16 0.23
Energy Comparables 0.53 0.37 0.58
Energy Tracking 0.42 0.35 0.70
Contractor Vetting 0.27 0.60 0.57
Contractor Scorecard 0.15 0.90 0.18

Eigenvalue 2.1 1.7
% Variance Explained 0.3 0.24
Cumulative Variance 0.3 0.54

6 The Wilcoxon Ranked Sum Test ranks the interest rates ignoring which
group (accepted vs. rejected the investment) the rates came from. The ranks of
each of the groups are then summed. Under the null hypothesis that the two
groups come from population distributions with the same mean, the sum of the
ranks of the two groups should be equal [49,50].
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expressing discomfort with borrowing from large banks.
In addition, measures were included to elicit respondent attitudes

toward debt that did not assume respondents knew the precise interest
rates they would be willing to accept or pay [38,53]. Specifically, re-
spondents were asked to:

“Tell us what you think about using each of the following financing
methods to pay for improving the energy use of your building's
lighting systems using a rating from−3 to +3 described in the scale
below.”

The scale was 7 points with labels “very undesirable” (−3),
“moderately undesirable” (−2), “slightly undesirable” (−1), “neither
undesirable nor desirable” (0), “slightly desirable” (+1), “moderately
desirable” (+2), and “very desirable” (+3). The financing mechanisms
were described as follows:

• Self-funding: Pay for the lighting systems yourself. No financing.

• Commercial loan: A loan from a federally regulated for-profit
commercial bank.

• Small bank loan: A loan from a not-for-profit small bank or credit
union that is not federally regulated.

• Local government financing: The local government loans you the
money, then increases your building's property taxes for a fixed time
period, until the money is paid back.

• Utility financing: A local utility company loans you the money and
takes a portion of the energy savings for a fixed time period, until it
has recovered the cost.

• Energy contract: A private energy service company loans you the
money and takes a portion of the energy savings for a fixed time
period, until it has recovered the cost.

As seen in Table 5, self-funding was the most preferred financing
method. There were 122 responses to both questions about self-finan-
cing and the commercial loan, with 54 rating the loan higher than self-
financing, and 68 rating the self-financing higher than the loan. Of the
76 respondents who indicated they would accept the 0% interest loan,
38 rated self-financing higher than the commercial loan (50%). In
contrast, of the 35 respondents who indicated they would reject the 0%
interest loan, 25 rated self-financing higher than the commercial loan
(71%), (χ2(1)= 3.7, p= .056). These results indicate that respondents

were not merely confused by the question or responding randomly, but
that they systematically preferred to avoid debt in a way that is con-
sistent with other stated attitudes (lack of support for better financing,
discomfort with borrowing from banks, preference to self finance).

4.6. Split incentives

The last factor from the normative analysis was split incentives.
Because these building owners are primarily individuals (as opposed to
organizations), and most respondents do not have building or facilities
managers, the landlord-tenant split incentive is most relevant. A re-
spondent is classified as facing a split incentive if the respondent has
tenants that pay all the electric bills, meaning the respondent had no
financial incentive to invest in energy efficiency. We found little re-
lationship between split incentives and respondents’ hypothetical de-
cision to invest. The 58% (= 19/(19+14)) of respondents who faced
split incentives indicated they would invest in occupancy sensors, as did
57% (= 48/(48+ 36)) of respondents who did not face split incentives,
suggesting no relationship between split incentives and the decision to
invest. Similarly, 71% (= 22/(22+9)) of respondents who faced split
incentives indicated they would invest in linear fluorescents, as did
64% (= 54/(54+ 31)) of respondents who did not face split incentives.
Neither differences were statistically significant using logistic regres-
sion (t(115)= 0.04, p= .97 and t(114)= 0.74, p= .74, respectively),
and if anything, the result suggests that those facing split incentives
were slightly more likely to invest in linear fluorescents.

4.7. Tenant retention

The interviews revealed that tenant retention was more important
than saving operating costs through energy efficiency. This issue was
explored with the following question:

“To what degree would improving a building's energy performance
help retain tenants in that building?”

The scale was 5 points, with labels “Not at all” (0), “Slightly” (+1),
“Moderately” (+2), “Very” (+3), “Extremely” (+4). Confirming the
interview findings, the 42 building owners who said they would invest
in occupancy sensors tended to believe that energy performance could
increase tenant retention to a greater degree (mean= 1.6, SD=1.1)
than the 30 respondents who said they would not invest in occupancy
sensors (mean= 1.1, SD=1.0), (t(70)= 2.0, p= .03, d=0.6). A si-
milar result emerged for linear fluorescents, where the 45 building
owners who said they would invest in linear fluorescents tended to
believe that energy performance could increase tenant retention to a
greater degree (mean= 1.6, SD=1.1) than the 37 respondents who
said they would not invest in linear fluorescents (mean=1.0,
SD=1.0), (t(60)= 2.0, p= .02, d=0.6).

5. Discussion

It is a long-standing puzzle why building owners do not invest in
energy efficiency when those investments appear to be more

Fig. 1. Risk-free and other discount rate. The risk-free discount rate is shown on
the horizontal axis, and the discount rate from other factors is shown on the
vertical axis. Blue versus red circles indicate whether respondents accepted or
rejected the linear fluorescents in the hypothetical choice (respectively). (For
interpretation of the references to color in text/this figure legend, the reader is
referred to the web version of the article.)

Table 5
Attitudes toward financing and debt. Items with different superscripts denote
p < .05 according to the Wilcoxon Signed Ranks Test.

Financing
Mechanism

−3 −2 −1 0 +1 +2 +3 Mean SD n

Self-funding 16 6 7 17 17 15 46 0.95a 2.1 124
Utility financing 24 10 5 29 21 16 19 0.1b 2 124
Energy contract 28 13 8 22 21 20 12 −0.17c 2.1 124
Small bank loan 30 11 8 43 18 8 6 −0.55d 1.8 124
Commercial loan 35 13 6 38 18 8 6 −0.69d 1.8 124
Local govt. financing 58 6 12 21 13 4 10 −1.2e 2 124
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economically attractive than available alternatives. In this work a
method was demonstrated for understanding when and why such in-
vestments occur. Drawing on behavioral decision research, the study
began with a normative analysis of energy efficiency investment deci-
sions, finding they should depend on uncertainty in the energy savings,
capital availability, the degree to which the future energy savings of
investments are discounted, and whether the tenant pays the energy
bills. This helped frame descriptive research that included interviews
and a survey of owners of class B and C offices in Pittsburgh, revealing
that respondents: (1) were concerned about uncertainty in the energy
savings and desired measures to reduce that uncertainty (a guarantee),
(2) discounted the future energy savings of energy efficiency invest-
ments, but only a minority of this discounting was due to time pre-
ferences, (3) had enough capital to pay for the investments themselves,
and preferred to pay themselves, with some respondents even rejecting
a no interest loan, and (4) rarely cared about landlord-tenant split in-
centives but did care about energy efficiency if it could improve tenant
retention.

The finding that respondents most strongly supported an energy
savings guarantee is consistent with the work of Farsi [25] who found
that Swiss apartment renters viewed energy savings from efficiency
(e.g., triple glazed windows, ventilation with an air renewal system) as
uncertain, and Qiu [26] who measured the risk aversion of homeowners
in Arizona and California and found that individuals with greater risk
aversion were less likely to make energy efficiency retrofits and buy
energy efficient appliances, but were no different in their use of energy
efficient AC units. The results of the present research provide a twist on
this prior work, as a factor analysis suggested that an energy savings
guarantee and an economic assessment reflected different underlying
concerns, with the guarantee reflecting skepticism about the perfor-
mance of energy efficiency investments, as indicated by its positive
correlation with ratings of contractor vetting and a contractor scor-
ecard, and the economic assessment reflecting a desire for information
about the energy saving potential of these investments.

The desire for a guarantee above other potential services suggests
that programs that ensure the performance of new technologies (e.g., by
allowing experimentation or “trial periods” with these technologies) are
likely to be more effective than merely reducing up-front costs (or of-
fering more attractive financing). Research on the diffusion of medical
guidelines suggests that such trial periods are effective at reducing this
uncertainty [54]. Alternatively, insurance programs and energy service
contracts may be able to provide guarantees of the energy savings di-
rectly, but the challenges to scale, profitability, and complexity must be
addressed [23]. For example, one problem with performance contracts
provided by energy service companies (ESCOs) is that the revenue
generated from a building is proportional to the size of the building,
and transaction costs per performance contract are high [48,55]. For
example, a 1,000 square foot building might generate $1/sqft/year in
revenue for the ESCO, so the ESCO would need 100 contracts with small
buildings to equal the revenue from a single 100,000 square foot
building, but would incur significantly more transaction costs in the
former scenario than the latter. Because the majority of class B and C
offices are also small (see SI section 1), without some form of policy
intervention, it is unlikely that the market will produce the mechanisms
for uncertainty reduction required by these building owners to invest.

Consistent with the desire for more information, in the hypothetical
choices more than half of respondents were willing to invest in cost-
effective energy efficient lighting measures such as occupancy sensors
and linear fluorescents. The survey's summary tables might have pro-
vided the information respondents needed to make their decision. If
true, the survey reveals a general willingness to invest among owners of
class B and C offices along with a lack of knowledge about where to turn
to get the right information. This result is consistent with the work of
Min et al. [29] who found that providing lifetime energy savings in-
formation strongly swayed decisions to favor more energy efficient
CFLs over incandescents. How that information is delivered is critical,

as it must come from trusted, credible, and non-persuasive sources [56].
The initial interviews and additional survey analyses in the SI (section
5) find that this source might be a contractor that the building owner
has previously worked with, as building owners seek information from
contractors and trust them more than other sources of information.

Second, the discount rates measured in the survey reflect more than
pure time preference, with rates significantly higher than assumed in
other work on the private sector [48]. Many studies have looked at how
people discount the future rewards of energy efficiency investments,
using methods that include market behavior, hypothetical choices, and
experiments. For example, Min et al. [29] found that respondents
making hypothetical choices on a survey discounted the future savings
of compact fluorescent lightbulbs 100% on average (δ=1) when pro-
vided information about the lifetime cost of lightbulbs, and 506% on
average (δ=5.06) without information. Despite their large magnitude,
these discount rates were consistent with the large variability in mea-
sured discount rates from previous studies looking at individual choices
among energy saving technologies [30]. Our study further supports the
idea that choices about energy efficiency reflect more than impatience
and the ability to reinvest, leading to variation in these factors across
people, and whether measurement methods capture them [22].

Third, when asked about their preferences for financing mechan-
isms, respondents preferred to self-finance, and some respondents in-
dicated that they would reject the use of debt even if offered at no
interest. This result highlights the fact that looking at stated preferences
for interest rates alone will overstate the effectiveness of financing
policy by masking debt aversion. While this research is the first to
highlight the existence of debt aversion in energy efficiency decision-
making, the cause is still an open question. From a normative per-
spective, it does not make sense to prefer self-financing to a zero in-
terest loan, as this implies a negative discount rate, and bizarre beha-
vior (e.g., putting off all consumption until the end of one's life). One
possibility is that respondents who refused debt also felt skeptical about
banks, as indicated by their survey ratings of feeling uncomfortable
borrowing money from large banks. Another explanation was provided
by the work of Ross [28], who interviewed twelve large firms in the
steel, paper, and aluminum industries, finding that firms with lower
debt carrying capacity (higher debt to income ratio) required higher
rates of return on investments (including energy efficiency) than firms
with less constrained capital. One reason given by respondents for not
using debt to finance profitable projects was that using debt would
reflect negatively on the firm, reducing their market value and ability to
take on additional debt or issue bonds to institutional lenders. In other
words, many of these firms believed that there was a shadow price to
financing, making them reluctant to use financing for energy efficiency
investments. The current research cannot separate these explanations,
but does highlight directions for future research.

Fourth, the tenant-landlord split incentive occurs when tenants pay
the energy bills (in a net lease) while the landlord controls the level of
building efficiency, meaning the landlord has no incentive to invest in
energy efficiency measures unless the landlord expects future tenants to
know that the building is inefficient. Instead, the landlord can attract
new tenants with lower rents, passing the energy bills on to the tenant.
For example, a developer of small commercial buildings interviewed by
Blumstein [20] found that tenants tended to be more sensitive to rental
price than utility costs. Although often cited in the literature on barriers
to energy efficiency diffusion, split incentives were not a primary
concern for respondents in our study in both the interviews and sur-
veys. One reason was that the sample of building owners studied was
heavily skewed toward building owners who also occupied the
building, meaning the building owner was also a tenant. Another may
have been that those who did have tenants were more concerned about
retaining those tenants as an important source of income than cutting
their own costs. This is consistent with the finding that building owners
who believed energy efficiency could help tenant retention were also
more likely to indicate that they would invest in lighting retrofits for
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their building.
Although best efforts were made to minimize validity threats in the

study, there are several limitations that represent considerable chal-
lenges to this study's conclusions. A major limitation of the study is the
use of self-reported attitudes and intentions rather than more objective
measures of behavior. For example, one explanation for the finding that
many respondents indicated they would invest in new lighting systems
may have been that respondents merely said they would do something
that they would not actually do, either because they were telling us
what they thought the researchers wanted to hear [57], or because they
knew they did not have to do what they said. In addition to being hy-
pothetical, many of the questions were quite abstract, such as the
question about willingness to lend to a commercial bank. Supporting
this, many respondents either could not respond to this question or
refused to respond (as indicated by the lower response rate), and those
who refused to respond were also more likely to exhibit debt aversion
(rejecting loans at any rate). There were also several issues with the
study that limit its generalizability. Although significant attempts were
made to recruit the entire population of class B and C office building
owners in Pittsburgh into the survey, the study achieved only a 40%
response rate, with over-representation from owner-occupiers. This
over-representation was due to the difficulty in determining who owned
the building, with owner-occupiers being much more easy to identify.7

Furthermore, given the lack of data on class B and C office building
owners in other cities, the conclusions are necessarily limited to Pitts-
burgh. As a result, although the approach outlined in this paper is
generally applicable for developing energy efficiency programs, the
specific results that apply to class B and C office building owners in
Pittsburgh are unlikely to generalize to other populations (e.g., class A
office building owners, class B/C office building owners in San Fran-
cisco).

Given these reservations, the following program for owner-occu-
piers of class B and C offices in Pittsburgh could be effective. First, to
help reduce the uncertainty in energy savings, a local utility, govern-
ment, or non-governmental organization would offer seed grants that
fully subsidized small projects, such as making a single floor of a
building energy efficient. This would allow building owners to gain
valuable information about project uncertainties without risking their
own money. While grants are fairly straightforward, other uncertainty
mitigation strategies, such as the use of financial instruments [23] or
trial periods, might be viable alternatives. Second, respondents desired
information about the costs and benefits of energy efficiency. That in-
formation should be provided in a non-persuasive manner, providing
the facts and uncertainties candidly [56]. Based on the interviews and
the survey (see SI section 5), local contractors were the most trusted
source of information, and might be a viable channel for providing that
information.

The only way to know whether such an approach would work is for
future research to evaluate each recommendation with an intervention,
testing under what conditions the insights work in field experiments.
There are also several other areas for future research. Based on the
result that the risk free discount rate only accounts for the minority of
discounting of energy efficiency savings, studies could further try to
separate the different determinants of discounting for energy efficiency.
Separating discounting due to uncertainty about the technology and its
performance from discounting due to uncertainty about the im-
plementers of the technology (e.g., contractors) would be an important
contribution. Further work could also explore debt aversion, for ex-
ample by comparing larger organizations (e.g., those that own class A
buildings) who are quite comfortable using debt to finance investments
with owners of small commercial buildings, small businesses, and re-
sidential buildings, who are quite unwilling to accept debt to finance

energy efficiency. Some promising avenues for comparison would in-
clude skepticism of banks, debt carrying capacity, and bad prior ex-
periences with debt.

To summarize our application of behavioral decision research to
energy efficiency investment decisions, consider the following four is-
sues. First, normative and descriptive analyses of decision-making can
strongly complement each other. Normative analyses help researchers
develop well-formed questions, and help respondents reflect on issues
that they might overlook. Descriptive analyses let respondents speak in
their own words and contrast those concerns with normative expecta-
tions, highlighting disagreement between researcher and respondent on
how decision-making should proceed. Second, it is possible for the same
respondent to behave normatively in some respects (expressed as con-
cerns about uncertainty and information) and violate normative con-
siderations in others (rejecting debt and ignoring split incentives).
Approaches that characterize individuals as totally rational (or irra-
tional) will miss much of the picture. Third, previous studies have been
almost exclusively limited to the residential sector or large organiza-
tions. Here this study looks at a unique type of decision-maker, whose
sophistication (and biases) lay somewhere between a large institution
(in class A buildings) and an individual layperson (in residential
buildings). Finally, the approach described in this paper risks errors of
believing what people say when they may not be able to express (or
know) what they want, or may not be candid. This work accepts this
risk and holds that it is the lesser of two, the other assuming people
can’t (or won’t) tell us what they want. By listening to what people have
to say, the approach outlined builds goodwill, trust, and a chance for
future collaboration through a systematic and inclusive energy effi-
ciency program design process.

6. Conclusion

Policy-makers and program designers can encourage owners of class
B and C offices to invest in energy efficiency. One way to do this is by
reducing uncertainty about the savings from energy efficiency by using
mechanisms such as trial periods, performance-based guarantees,
grants, or insurance contracts that shift investment risk away from in-
dividual building owners. Another way is by providing information
about the costs and benefits of investments through trusted local con-
tractors and their networks to help building owners make their deci-
sion. Field experiments that test uncertainty reduction and information
provision approaches through contractor networks would produce the
evidence policy-makers and program designers need to choose the most
effective approaches to encourage energy efficiency investments.
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Supplementary Information for Neither a
borrower nor a lender be: Energy efficiency

decision-making among class B and C offices
in Pittsburgh

June 26, 2018

1 Sample and Population

Carnegie Mellon University obtained a university license from the commercial
real estate information company CoStar to identify all class B and C offices
in the Pittsburgh downtown and Oakland areas (including ZIP codes 15222,
15219, 15213). Data provided by CoStar included building address, build-
ing owner name, building floor-to-area ratio, tenancy, typical floor square
footage, number of stories, year built, percent of building leased, rental price
per square foot per year, gross leasable area, and building class (B or C).
CoStar’s primary methods of data collection were contacting the building’s
listing broker and accessing public records through Allegheny County and
the City of Pittsburgh. We augmented these data with publicly available
information provided by Allegheny County on the date and price of last
building sale, the current taxable market value of the land and building,
and permitting data from 2012-2014 for each building made available by
the City of Pittsburgh’s Bureau of Building Inspection. We then cross-
referenced CoStar’s building owner information with that provided by Al-
legheny County.

From these data we identified 500 buildings that were potential class B
and C offices. Upon further inspection of county records, we found that
some buildings changed use since CoStar last updated their database. These
included 26 buildings that were converted to residential or sold as condos,
3 buildings that were now vacant lots, and 1 building that was demolished.
This left a total of 470 buildings, which constituted our final building popu-
lation.
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Cross-referencing revealed missing data from both sources, the most im-
portant being the name of each building owner. In these cases, both databases
included names of holding companies (e.g., “400 Avenue LP”) with address
information that could not be linked to an individual. For these buildings
we attempted to determine the building owner’s name using the building’s
deed obtained from the County. Using this approach we identified a total of
327 unique building owners, of which we could identify 182 by name.

From this building and owner population we attempted to determine, for
each building, whether it was owner-occupied. For each building we checked
whether the owner’s mailing address (as indicated by the CoStar and county
databases) was the same as the building’s address. If that was the case,
we attempted to determine whether some business or organization could be
found through a Google search that had an address at that location, with a
name associated with the owner. The clearest cut case was when a tenant
had the same name as the owner of the building, and this could be verified
by a Google search.

There were also cases where there was some uncertainty surrounding the
owner-occupy classification. For example, there were cases where the last
name on the public record matched the name found on a business in the
building, but not the first name. We assumed that the building and business
were owned by the same family. Second, there were cases where a large
company owned the building, had offices in the building, but clearly the
entire company did not occupy the building. In both cases we treated the
building as being owner-occupied.

There were two sets of cases where we could not determine whether the
building owner was an owner-occupier. In one set we simply could not de-
termine, using either CoStar’s data, the public record, or deeds, who the
owner was (aside from the name of the holding company listed on the county
records). In a final set the owner’s name was listed as a tenant, but we could
not verify that the owner actually had an office there.

Here we briefly describe the characteristics of the building population,
including building class, gross leasable area, date of last sale, owner-occupy
status, and owner type. We find that there are more class B than class C
buildings in the population. Of the 470 buildings in the population, 268 are
class B and 200 are class C, with 2 buildings lacking classification. Most of
the buildings were small, with a few very large outliers. The gross leasable
areas of the office buildings ranged from 691 to 820000 ft2, with a median of
14000 ft2 and a mean of 45200 ft2. To check the internal consistency of these
measurements, we compared the gross leasable area to the total building
square footage found by multiplying the typical floor square footage by the
number of floors for each building, finding almost perfect agreement between
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the two indicators (R2 = 0.97).

Table 1: Quintiles of Gross Leasable Area (1000 ft2) by Building Class
Class 0% 20% 40% 60% 80% 100%
B 0.9 8.0 20 38 83 820
C 0.7 3.6 6.5 9.8 19 450

As expected, there were very few energy efficiency certifications among
these buildings (less than 1% of the building population combined), with 3
ENERGY STAR certified buildings, and 4 with LEED certification. Simi-
larly, based on data provided by the local Green Building Alliance, 26 build-
ings had joined the Pittsburgh 2030 district (∼ 6% of the building popula-
tion). Next, we found that 249 buildings were owner-occupied (53%), 153
buildings did not have an owner that also occupied space in the building
(33%), and we were unable to determine the owner-occupancy status for 68
buildings (14%). These proportions were almost identical across class B and
C offices.

Unidentified investors (those who owned the building who could not oth-
erwise be classified) accounted for the largest share of ownership, with 139
buildings, followed by small businesses with 136 buildings. Other types of
building owners accounted for far fewer buildings, including 38 owned by
universities, 36 owned by other 501(c)3 organizations, 18 by government, 18
by hospitals, and 12 by religious organizations, with developers, property
management companies and 501(c)4 (unions) accounting for less than 10
buildings total. It is very likely that many developers and property manage-
ment companies were classified as otherwise unidentified investors.

Table 2: Building Owner Type by Building Class
Class Inv. Sm.Business Univ. 501(c)3 Gov. Hosp. Rel. Other Unk.
B 87 66 28 15 10 10 10 9 33
C 52 70 9 21 8 8 2 2 28

Information from Allegheny County on the last sale date of the building
was available for 367 buildings (78%). The median ownership length was
9 years, with a mean of 19.2 years, with 75% of ownership lengths greater
than 4 years. We also found that 190 sold for less than $100. Thus, these
sale dates will underestimate true ownership lengths, as many buildings were
passed between family members or common organizations.

Using this database we attempted to recruit all 327 building owners to
participate in the survey. Building owners were sent an initial recruitment
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mailing in early November 2014, including the survey, cover letter, an ad-
dressed stamped return envelope, and a $10 cash incentive. The cover letter
included the building owner’s name or the name of the building owner’s
holding company if the name could not be determined. If owners had not
responded in two weeks they were sent a follow-up postcard reminding them
to return the survey. The postcard also provided them a link to participate
online. Two weeks after the postcard was sent, we attempted to contact
owners who had mailing addresses in the 15222, 15219, and 15213 areas in
person. After these in-person visits, we attempted to contact non-responders
by phone or email. Approximately one month after the in-person contacts
we sent a second mailing wave with the survey, cover letter, an addressed
stamped return envelope, and a $10 cash incentive. In total, 132 of 327
building owners responded to the survey (40%).

We begin by describing some basic characteristics of the building owners,
dividing these characteristics into those that relate to the owner and those
that define the relationship between the owner and the building. The former
set of characteristics include age, gender, political affiliation, and education
(occupation). The latter include whether the owner occupies the building,
reasons for acquiring the building, the type of building owner, and planned
ownership duration of the building. As previously mentioned, there were a
total of 132 responses to the survey. However, some respondents decided
not to answer some questions (item non-response), so for each question we
include the total number of responses and the percent responding.

1.0.1 General Owner Characteristics

The first question asked owners about their age, yielding 122 responses (92%
responding). The median age of respondents was 56 with a range of 26 to
86 years. Interestingly, the age of the respondent at the first quartile was 50
years, indicating that 75% of respondents were older than 50. If we consider
the “baby boomer” generation to be those who were born between 1946 and
1964 (between ages 50 and 68 in 2014), roughly 61% of respondents fit into
this category.

There were 123 responses to the question about gender (93% respond-
ing). Consistent with a male dominated workforce and ownership culture
of the baby boomer cohort, 112 respondents were male, with 11 female re-
spondents. The sample thus does not reflect the balancing effect on building
ownership of women’s participation in the labor force that may show up in
the future. Because of this lack of variation, we are not able to detect any
gender differences that may be present in decision-making.

There were 117 responses to the question about political affiliation (89%
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Table 3: Sample Building Owner Characteristics
Characteristic Sample Value
Age (n = 122)
Median 56
Range 26 - 86

Gender (n = 123)
Male 112
Female 11

Political Affiliation (n = 117)
Democrat 48
Republican 38
Independent 24
Other 7

Highest Education (n = 125)
Bachelor’s 51
Advanced (MD, JD, PhD) 35
Masters/Professional 25
Associate’s 6
High School Graduate or Less 8

Occupation (n = 117)
Attorney 20
Business Owner 10

responding). Of these respondents, 48 indicated that they were Democrats
(41%), 38 Republicans (32%), and 24 Independents (21%). The majority of
the remaining respondents indicated that they were not political. Although
there were more Democrats than Republicans, this lack of balance is weaker
than in the local general population. As of December 15, 2015, in Allegheny
County there were 527K registered Democratic Voters (60%), 238K registered
Republican voters (27%), 68K voters with no affiliation (7.7%), 5K registered
Libertarian voters (0.57%), and 45K (5.1%) voters of all other types. Thus,
our sample overrepresents Republican and Independent views relative to the
local population, but may be representative of owners of class B and C offices
in Pittsburgh (assuming those who responded to the survey are like those
who did not respond).

There were 125 responses to the question about highest level of educa-
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tion (95% responding). Of those responses, 51 respondents indicated they
had a bachelor’s degree, representing the most frequent response. This was
followed by 35 with advanced degrees (MD, JD, Phd), 25 with masters or
professional degrees, and 6 with associate’s degrees. There were some respon-
dents without some college-level education, including 7 who completed high
school and 1 with some high school education. The sample was on average
well-educated relative to the local population (census data).

1.0.2 Owner Characteristics in Relation to the Building

Next we explore a number of characteristics that define the relationship be-
tween the owner and the building, including whether the owner occupies the
building, reasons for acquiring the building, the planned ownership duration
of the building, and the type of building owner.

First, there were 120 responses to the question about whether the owner
or the owner’s organization occupied the building (91% responding). Of
those respondents, 98 indicated that they occupied the building in some way
(82%), whereas 22 said they did not occupy the building at all. This differs
from the characteristics in the population, where our research indicated that
249 owners occupied the building, 153 did not, and 68 could not be deter-
mined. Thus, of the buildings where occupancy status could be determined
in the population, owner-occupiers accounted for 62% of the buildings. If the
remaining 68 buildings that could not be classified in the population were all
owner-occupiers, owner-occupiers would account for 67% of the population,
still well below the rate of owner-occupiers in the sample. Thus, our results
need to be adjusted to reflect the overrepresentation of owner-occupiers in
the sample. We address this issue later in our inference section with post-
stratification, giving greater weight to non-occupiers.

Next, there were 124 responses to the question about the owner’s reasons
for acquiring the building (94% responding). The most frequent reason for
owning the building was that the owner needed space for their business or
organization, indicated by 66 respondents (53%). The next most frequent
response was that the owner planned to lease the building for income, given
by 26 respondents (21%). The third most frequent response was both need-
ing space and leasing for income, given by 12 respondents (9.7%). Only 2
respondents indicated that their primary reason for acquiring the building
was to sell it for profit. An additional 2 respondent indicated that they both
planned to sell it for profit and lease it for income. These reasons, which fo-
cus mostly on using rather than profiting from the building, likely reflect the
sample’s overrepresentation of owner-occupiers, who tend to be businesses or
other organizations that plan to buy and hold the building for their own use.
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Table 4: Sample Building Owner Characteristics
Characteristic Sample Value
Owner-Occupied Status (n = 120)
Owner-Occupied 98
Not Owner-Occupied 22

Primary Reasons for Acquiring Building (n = 124)
Needed Space 66
Lease for Income 26
Needed Space & Lease for Income 12
Profit from Sale 2
Other 18

Planned Duration of Ownership (n = 95)
# ≤ 5 years 7
# > 5 years 71
# > 10 years 57
# > 15 years 48
# > 20 years 48
Until Death 8
Unknown 9

Respondents were next asked how long they planned to own their build-
ing. This question had a lower response rate, with 111 responses (84% re-
sponding). Based on pretesting, we believe that part of the reason for the
higher non-response rate was that owners had no plans to sell the building,
and thus did not know how to respond to the question (or felt that it did not
apply). Supporting this were numerous write-in answers telling us that the
building would be held “indefinitely,” “infinitely,” “forever,” or “unknown.”
Only 7 respondents indicated that they planned to own the building for less
than 5 years, with about half (48) indicating that they planned to own the
building for more than 15 years.

There were 126 responses to the question about who owns the building
(95% responding). The building owners were most frequently a single person,
with 37 respondents answering “Just Me” (29%). The next most frequent
category was business partners, indicated by 23 respondents (18%), followed
by private corporations, indicated by 16 respondents (13%). There were
32 respondents (25%) that indicated that the building was owned by some
combination of private investors, real estate developers, business partners,
private corporations, and property management companies.
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1.0.3 Building Characteristics

Next, we look at energy efficiency measures already taken by building own-
ers and the energy intensity of their buildings. Of the 132 respondents, 79
indicated that their building had a programmable thermostat (60%), 54 in-
dicated that they had improved their HVAC motors (41%), 44 indicated
that they had used sealing to reduce air leaks (33%), 39 indicated that they
had increased their roof’s insulation (30%), and 34 indicated that they had
installed occupancy sensors (26%). To assess the likelihood of buildings hav-
ing T8 linear fluorescents with electronic ballasts, we asked respondents how
long it has been since they replaced the ballasts on their linear fluorescents.
There were 78 responses to this question (59% responding), likely reflecting
unfamiliarity with ballast technology. Respondents had replaced their bal-
lasts a median of 10 years ago, with a range of 1 to 50 years. There were
57 respondents with ballasts older than 5 years (73%) when EPACT began
the phase-out of magnetic ballasts in 2009, indicating that most respondents
probably did not have T8 linear fluorescents with electronic ballasts.

According to the most recent Commercial Building Energy Consumption
Survey, based on a sample size of 152 the annual expenditures per square foot
for office buildings in the mid-atlantic region are $1.63 for electricity, $0.26 for
natural gas, $0.03 for fuel oil, totaling $2.03 for all major fuels. We compare
these results to the self-reported annual cost of electricity and natural gas
from our survey, dividing by the gross leasable area of the building provided
by CoStar to find the use intensity per square foot.

Of the 132 respondents, we could calculate electricity intensities for 51
buildings. Those in our sample had a median electricity intensity of $1.1 per
square foot, with a mean of $1.5. Based on the interquartile interval, 50%
of electricity intensities were from $0.69 to $1.6. Of the 132 respondents,
we could calculate the intensity of natural gas use for 42 buildings. Those
in our sample had a median natural gas intensity of $0.37 per square foot,
with a mean of $0.52. Based on the interquartile interval, 50% of natural
gas intensities were from $0.24 to $0.54. Of the 132 respondents, we could
calculate total energy intensity for 42 buildings. Those in our sample had a
median total intensity of $1.5 per square foot, with a mean of $1.9. Based
on the interquartile interval, 50% of total intensities were from $0.97 to $2.2.

1.0.4 Population Building Information

However, building class is not a reliable indicator of building value, with
median taxable market value (land and building) for class B buildings of
$59/ft2 versus $62/ft2 for class C buildings. A similar result holds for the
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recorded price of the building’s last sale (B = $32/ft2 vs. C = $37/ft2).
However, the median listed annual rental price per square foot is higher for
class B ($16/ft2) than class C offices ($14/ft2), although there are only 97
buildings with rental prices available.

Table 5: Indicators of building value by building class
Class Number Taxable Market Value Last Sale Price Rental Price
B 268 $59/ft2 $32/ft2 $16/ft2

C 200 $62/ft2 $37/ft2 $14/ft2

2 Lighting Cost and Savings Estimates

Quantitative information for the occupancy sensors table was taken from the
Pennsylvania Act 129 Statewide Evaluator Market Potential Study, Com-
mercial and Industrial Sector Appendix 3. Details about the methodology
are provided in the 2014 Pennsylvania Act 129 Technical Reference Man-
ual Office FIE2. The assumed Lighting Power Density was 1.0 for offices.
Annualized energy savings (kWh) was defined as follows:

kWcontrolled ×HOU × (SV Gee − SV Gbase)× (1 + IFenergy) (1)

where kWcontrolled is the total lighting load connected to the control (fixture
wattage (in kW) times number of fixtures per control) with default values of
0.350 for wall-mounted occupancy sensors and 0.587 for remote mounted oc-
cupancy sensors, SV G is the savings factor (percent of time lights are off) for
the new controls (SV Gee) and manual switch (SV Gbase) with default values
24%, HOU is the average annual operating hours of the baseline equipment,
taken as 2,567 hours for offices (which would be roughly 10 hours a day 5
days a week), and CF is the coincidence factor accounting for heating losses
due to reduced light use taken to be 0.61 for offices. Assumes the fixture is
0.61 kW (=1578kWh/2567h). Baseline building equipment and house of use
were based on surveys of utility customers in Pennsylvania.

Quantitative information for the linear fluorescents table was again taken
from the Pennsylvania Statewide Evaluation and Technical Reference Man-
ual. From the Technical Reference Manual, annualized energy savings (kWh)
was the change in power multiplied by the equivalent annual full load hours
of operation for the installed measure:

(kWbase − kWEE)× [HOU × (1− SV Gbase)]× (1 + IFenergy) (2)
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where HOU is the average annual operating house of the baseline lighting
equipment before lighting controls, and IF is the interactive HVAC energy
factor which represents secondary energy savings in cooling required from
decreased indoor lighting wattage. From the Commercial and Industrial
Appendix 3, we used measure Office FIE1 which was a fixture replacement
of T12 lamps with premium efficiency T8 32W lamps and electronic ballasts.
Building assumptions were a base load of 394 kWh and a reduction of 97
kWh, a savings of 25%.

3 Factor Analysis Estimation

Our approach assumes that responses to each question reflect an underlying
structure that takes the following form [1]:

xi =
k∑
r=1

lirfr + ei (3)

In this formulation, each x is an attitude question and there are i of them
(in our case there are 7, excluding the lease structuring question because of
missing data). The model holds that xi is a linear combination of a set of
unobserved factors fr, with the correlation between each xi and the factor
captured in the loading lir. The model also assumes that there is some
measurement error ei for each xi that follows a normal distribution, with
ei ∼ N(0, vi). Thus, the seven attitude questions form a multivariate normal
distribution where each question is related to other questions only through
the loading on common factors, that is x ∼ MVN(0, C), where C = [cij] is
the covariance matrix between questions. Our goal is to explain as much of
the covariance between attitude questions as possible with a limited number
of factors. Considering:

V ar(xi) = cii =
k∑
r=1

l2ir + vi (4)

and

Cov(xi, xj) = cij =
k∑
r=1

lirljr (5)

The covariance matrix can thus be written as:

C = LLT + V (6)
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where L = [lir] is a p × k matrix of loadings and V is a diagonal matrix
with elements vi. Let A = [aij] be the sample covariance matrix. Because
the xi are normally distributed, the covariance matrix C = XTX has a
Wishart distribution with mean equal to the variance matrix V . Thus, the
log likelihood of C given A is:

lnL(L,V|A) = −n
2

ln |LLT + V| − n

2
tr(A(LLT + V)−1) (7)

4 Solving for the discount rate

To solution for δ0 must satisfy:

0 = −
q∑
j=1

AC

(1 + δ∗)j
+

14∑
j=1

ESj
(1 + δ∗ + δo)j

(8)

Where AC is the annual cost of the investment, ESj are the annual savings
in year j, and δ∗ is the risk-free discount rate. This can be simplified noting
that

∑q
j=1

AC
(1+δ∗)j

is equal to the present value of the annual cost (denoted

PV AC, the annual costs discounted by the risk-free discount rate δ∗), and
that the energy savings are the same in each time period ($11):

0 = −PV AC + 11×
14∑
j=1

1

(1 + δ∗ + δo)j
(9)

Expanding this yields:

0 = −PV AC+11× 1

(1 + δ∗ + δo)1
+11× 1

(1 + δ∗ + δo)2
+. . . 11× 1

(1 + δ∗ + δo)14

(10)
Substituting x = 1

(1+δ∗+δo)1
and c0 = PV AC, c1 = 11, c2 = 11, . . . c14 = 11

gives:

0 = c0 + c1x+ c2x
2 + . . . c14x

14 (11)

Using the Jenkins-Traub algorithm [2], a unique positive real solution for
x exists if c0 < 0 and cjx > 0 for all subsequent time periods j, which is the
case for the current problem.1 The risk-adjusted discount rate δr can then
be obtained using:

δo =
1

x
− 1− δ∗ (12)

1The Jenkins-Traub algorithm was implemented using the polyroot function in R, re-
taining only the unique positive real root x.
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5 Information Sources and Contractors

To learn more about how respondents acquired information about energy
efficiency options for their building’s energy systems, respondents were asked
to:

“Imagine that your building’s primary heating system has
reached the end of its useful life and you’ve decided to replace
it . . . Below are professionals you might consult with when re-
placing your building’s primary heating system. Circle all that
you would talk to (if any).”

1. Contractor (HVAC) [99]

2. Engineer [65]

3. Architect [36]

4. Facilities Manager [32]

5. Utility Company [29]

6. Financial Analyst [18]

There were 116 responses to this question, with the large majority of
respondents (99) indicating they would consult with an HVAC contractor,
indicating that contractors were the primary point of contact for consulta-
tion about the building’s heating system. To explore the relationship with
their contractor further, respondents were then asked to answer the following
question:

“If you had specific contractor[s] in mind, about how long
have you known them?”

There were 82 responses to this question. Of those responses, 5 indicated
that they knew a contractor for 0 years. The remaining respondents who did
not answer the question likely did not have a specific contractor in mind. Of
the remaining 77 respondents who gave a duration longer than zero years,
the range was between 1 and 30 years, with a median of 10 years. Thus,
most respondents had existing relationships with contractors, many of them
for long periods of time.

Confirming this result, we also asked respondents about the degree to
which they trust different organizations, with the goal of understanding which
organizations could be most effective at working with building owners to
implement energy efficiency programs. Respondents were asked:
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“To what extent do you disagree or agree that these entities
have your best interests in mind?”

The ratings were made on a scale from “strongly disagree” (−2), “disagree”
(−1), “neither disagree nor agree” (0), “agree” (+1), and “strongly agree”
(+2).

Table 6: Trust in organizations
Organization −2 −1 0 +1 +2 Mean SD n
A contractor you choose 7 13 22 56 24 0.63a 1.1 122
A local non-profit 10 10 40 44 16 0.38a 1.1 120
A small bank or credit union 12 20 44 38 8 0.082b 1.1 122
An energy service company 22 28 43 26 3 -0.33c 1.1 122
Your local government 18 35 44 21 4 -0.34c 1 122
A large commercial bank 27 24 54 13 4 -0.47c 1.1 122
Your utility company 29 34 45 10 3 -0.63c 1 121

From the interviews we heard that building owners tended to rely on
contractors for information fairly extensively, and that they tended to have
long, even friendly, relationships with contractors. It is thus not surprising
that contractors were rated as the most trustworthy, with the modal response
being agreement (+1) that a contractor chosen by the owner would have the
owner’s best interest in mind. In contrast, it was very surprising that a
local non-profit was, on average, seen as trustworthy, as we frequently heard
in interviews negative attitudes toward non-profits. The modal response
for the remaining entities was at the neutral point of neither disagree nor
agree (0). Surprisingly, the utility company was rated the least trustworthy,
with very few respondents agreeing that the utility company has their best
interests in mind. This is particularly surprising given that respondents felt
most comfortable receiving rebates from the utility company as an incentive.
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