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Buildings  account  for a significant  portion  of energy  consumption  and  carbon  emissions  around  the
world  and  increasingly  scholars  and practitioners  are  re-thinking  strategies  that  mitigate  use.  This paper
reports  an  empirical  study  aimed  at  identifying  the  relationship  between  building  technology  and  resi-
dent behavior  and  the joint  effects  on  energy  consumption  in residential  buildings.  Unlike  previous  work
that  isolated  effects  of  technology  or behavior  on energy  consumption,  this  study  investigates  their  inter-
actions.  The  researchers  collected  technical  and  behavioral  data  from  more  than  300  residential  units
and performed  data  analysis  using  energy  simulation  and  multivariate  regression  techniques.  Results
identify  the interaction  effects  between  building  technology  and  resident  behavior  and  provide  quantifi-
able  evidence  supporting  the  hypothesis  that “building  technology  and  resident  behaviors  interact  with
uilding systems
uman-environmental interaction

each  other  and  ultimately  affect  home  energy  consumption.”  Findings  indicate  four  important  resident
behaviors  that directly  correlate  to energy  consumption  and  two  that  indirectly  correlate  to  energy  con-
sumption.  The  research  also  indicates  that  only  42%  of  technological  advances  directly  contribute  to home
energy  efficiency,  suggesting  that  the  achievable  impact  on  energy  savings  depends  on both  technical
advances  and  behavioral  plasticity.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Buildings account for a significant portion of energy consump-
ion and carbon emissions around the world. In the past decade,
he U.S. government and industry initiatives have catalyzed green
uilding technologies to improve building energy efficiency. The
.S. aims to reduce 40% of the energy use for space conditioning
nd water heating in residential buildings by 2025. However, total
.S. energy consumed by residential and commercial buildings in
015 remained the largest portion at 40% which was  equivalent to
9 quadrillion British thermal units (BTU) or $416 billion U.S. dol-

ars [1]. As a result, it is necessary for scholars and practitioners to
e-think strategies adopted for years in the U.S. that largely focus on
he research and development of advanced building systems and

roducts.

Buildings present a complex sociotechnical system that links
ociety, occupants and the environment [2]. Humans spend roughly

∗ Corresponding author.
E-mail address: dzhao@msu.edu (D. Zhao).

ttp://dx.doi.org/10.1016/j.enbuild.2016.10.049
378-7788/© 2016 Elsevier B.V. All rights reserved.
90% of their lives in a commercial or residential building. The
nexus of building performance, people’s behavior and the envi-
ronment can be observed all around us, yet there is little focus on
measurable building performance in the literature or technologies
available to easily collect, synthesize and report building perfor-
mance information [3]. As a result, minimal published quantifiable
evidence is available to identify the impacts of resident behaviors
on energy consumption. Uncovering the nature of the relationship
between buildings and occupants presents an opportunity to pos-
itively impact owners, managers, the lives of current and future
building occupants and to promote environmental sustainability.

This paper reports an empirical study aimed at identifying the
relationship between building technology and resident behavior
and the joint effects on energy consumption in residential build-
ings. Unlike previous studies that isolated effects of technology or
behavior on consumption, this work also studies their interaction.
The work’s central hypothesis is that “building technology and resi-

dent behaviors interact with each other and ultimately affect home
energy consumption.” As illustrated in Fig. 1, the hypothesis can be
interpreted as the combination of relationships A + B + C. Therefore,
the presented work has two specific objectives: first, to determine

dx.doi.org/10.1016/j.enbuild.2016.10.049
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2016.10.049&domain=pdf
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hether the interaction effects on home energy consumption exist;
econd, to identify how the interactions affect home energy con-
umption.

The structure of the article is as follows. First, the background
ection provides fundamental information on three key concepts
f the research (i.e., energy consumption, building technology, and
esident behavior). Then, the data and methods sections explain
ariables, the sample, and analytic approaches used in the research.
t the end, results describe analysis, findings and discuss the

mplications for better understanding energy consumption and its
elationships with building technology and resident behaviors.

. Background

.1. Home energy consumption

The U.S. Department of Energy (DOE) reports that the housing
tock has been increasing energy efficiency since 1980 [4]. Houses
uilt most recently are 14% more energy efficient (EE) than homes
uilt 30 years ago and 40 percent more EE than homes built 60 years
go [4]. With respect to energy consumption, in 2015, all residential
uildings consumed 21.15 quadrillion BTUs of energy.

The DOE estimates that the typical household spends approx-
mately 8–14% of their income on energy expenditures. Of this, a
hird typically is consumed by energy demands for heating and
ooling needs [5,6]. This indicates that for the typical America
ousehold, heating and cooling cost consume approximate 3–5%
f their gross annual income. This percentage is not insignificant
hen considering the rising housing cost burden. Today, more than

ne-in-three American homeowners and one-in-two renters are
onsidered to be cost burdened. It is estimated that 12 million
enters and homeowners dedicate more than half of their annual
ncomes to housing expenses.

Residential energy consumption is measured by utility com-
anies, utilizing both analog and digital meters typically installed
n the exterior of the residential unit. Energy consumption mea-
urement is recorded by the utility company, compared to the
revious month’s consumption and utilized to develop a monthly
onsumption data record. The result is a combination of monthly
onsumption data, distribution, transmission, tax and service
harges used to produce a monthly energy bill that is sent to the
ccupant for their previous month’s service; often referred to as
he billing cycle. The billing cycle timeline and lag between occu-
ant behavior and energy consumption feedback provided by the
ill data is a critical component in this work.

.2. Green building technology

Green building technology refers to the collection of advanced
echnologies and products [3] to building design and construction
hat allows the reduction of overall energy use and carbon emis-
ions. Evidence suggests that the efficiency and efficacy of building
echnology, for example, space conditioning systems, used to main-
ain occupant thermal comfort during both heating and cooling
easons, has a considerable impact on residential energy consump-
ion.

As a result, the implementation of green building technology is
n the rise globally [7,8] since it is closely related to the goals of
E and sustainable development [9]. High-performance buildings
re becoming the norm throughout the international architectural,
ngineering, and construction (AEC) industry. Based on the World

reen Building Trends survey [10], 51% of the participated archi-

ects, engineers, contractors, owners, and consultants committed to
ncorporating sustainability into more than 60 percent of their work
y 2015. The survey also identified energy saving as the top envi-
ings 134 (2017) 223–233

ronmental reason for embracing green building technologies. More
than 32,000 homes have been constructed using energy-efficiency
building technologies within last four years in the U.S. housing mar-
ket [11]. With green building becoming a critical part of the AEC
industry, new green building technologies across design and con-
struction are being developed to keep up with the escalating shift
to sustainability. New technologies range from the use of renew-
able energy resources to smart appliances. Some examples of the
state-of-art building technology are biodegradable materials, low-
emittance windows, electrochromic smart glass, green insulation,
geothermal heating, and improved photovoltaic panels. These tech-
nologies greatly decrease carbon footprint yet are not necessarily
easy to embrace and adopt. For example, a homeowner’s perception
of increased initial costs associated with the use of these technolo-
gies is a barrier in the green market [12] even though research
shows that the investment in green building technologies may  yield
decreased future energy bills using a life-cycle perspective [13,14].

2.3. Resident behavior

Resident behavior (or occupant behavior) and its consideration
as part of the overall development process, and specifically with
building systems, is critical to understanding residential energy
consumption [15]. In this work, resident behavior refers to actions
that contain a direct and/or indirect influence on energy use in
buildings [16]. These actions can be divided into three categories:
time-related usage, environment- related modes, and quantita-
tively described behavior. Existing research has established the
effect of resident behavior on home energy use. For example, a
three-year living lab study of home energy use behavior found that
the “energy literacy” from occupants may  impact the domestic elec-
tricity consumption [17]. Another in-house data analysis on the
energy use for space and water heating also confirmed that occu-
pant characteristics and behavior significantly affect energy use at
4.2% [18].

Literature asserts that some resident behaviors considerably
affect home energy use. Thermostat set points is an impor-
tant and widely used factor when trying to understand resident
behavior’s impact on energy consumption. For example, summer
and winter thermostat set points were critical in understand-
ing the performance of residential housing since they indirectly
reflect performance of the heating, ventilation and air-conditioning
(HVAC) unit and the building’s thermal enclosure performance [19].
Humidity setting is another important resident behavior. Zain et al.
[20] focused on the nexus of humidity and occupant comfort and
energy performance, suggesting it is critical to understand different
thermal comfort behavior of human needs for people in differ-
ent climate conditions. Some non-space-conditioning behaviors
also posit important indirect impact on energy use. For example,
Ouyang and Hokao [21] claimed the impact of natural ventilation,
by opening/closing windows and using fans, on better thermal
comfort. Parker [22] noted that the length of showers and the
frequency of showers were correlated with cooler weather; there-
fore, domestic water heating increasingly contributed to energy
consumption loads in the sample. The use of appliances such as
dishwashers, clothes washers and dryers has been discussed in
literature as resident behavior as well [22–24]. Moreover, it has
been noted that educating occupants on EE may be the next fron-
tier for high-performance buildings [19]. Studies [21,25] suggested
that education improved behavior toward a more energy effi-
cient lifestyle provided it was: given frequently; over long periods
of time; with appliances broken out; presented in clear, appeal-

ing ways; computerized, interactive tools were most successful in
helping occupants.

Literature review shows that most studies investigated the
effects of either occupants or technologies. Nevertheless, there is



D. Zhao et al. / Energy and Buildings 134 (2017) 223–233 225

hnolo

l
n
u
e

3

3

v
s
u
t
a
t
e
i
(
o
a
(
m
a
r
i
h
t
“
r
o
o

T
S

Fig. 1. Associations of key concepts: building tec

ittle research focusing on the interaction effects of building tech-
ology and occupant behavior and their joint impacts on the energy
se. To close the gap, the presented work explored such interaction
ffects using empirical data and quantitative methods.

. Data

.1. Variables

Table 1 lists 14 variables that were used in this study. The
ariables represent the study’s three primary concepts: energy con-
umption, building technology, and resident behavior. The authors
sed these variables in computational analysis with a goal of iden-
ifying relationships among the three concepts. Specifically, the
uthors selected (1) observed annual energy consumption (ECo)
o measure realistic home energy usage; (2) simulated annual
nergy consumption (ECs) and the HERS score to measure build-
ng technology; and (3) 11 variables to measure resident behaviors
for example, thermostat set points). Secondary analysis places
bserved energy use as the response variable (i.e., dependent vari-
ble) and the other 13 variables serve as the predictor variables
i.e., independent variables). The simulated energy use is an esti-

ation computed through energy modeling of which the details
re described later in this section. Resident behavioral variables
esult from the team’s condensed literature review characteriz-
ng them as highly relevant to energy usage. For example, the
umidity setting and comfort setting, as part of the home HVAC sys-
em, are the thermostat levels selected by occupants. The variable

education/training on building systems” measures if an occupant
eceived education or professional training to gain the knowledge
f home energy savings. This information was collected from the
ccupants’ self-reported survey. Mathematically, the three vari-

able 1
ummary of variables for data analysis.

Concept Variable Description 

Energy consumption ECo Observed annual energy use from utility bills 

Building technology ECs Computed annual energy use from energy sim
HERS The Home Energy Rating System index 

Resident behavior ST Temperature setting in thermostat during sum
WT  Temperature setting in thermostat during win
WS  Season when opening windows 

FU Use of fan(s) for ventilation 

HU Humidity setting
SL Length of showers 

DW Frequency of the use of dishwasher 

WD Frequency of the use of washer and dryer in ho
CS Comfort setting during summer 

CW Comfort setting during winter 

ED Education/training on building systems and en
gy, resident behavior, and energy consumption.

ables that measure energy use are presented in a scale of continuous
values while the 11 variables that measure resident behavior are in
a scale of categorical or ordinal values.

As listed in Table 2, the researchers input 24 technical parame-
ters of building technology into an industry-standard energy model
to compute simulated energy use (ECs). The model complies with
2009 International Energy Conservation Code (IECC) [31,32]. The
computed energy use incorporates a building’s technology includ-
ing design/construction, heating and cooling system, hot water,
ventilation, insulation, lighting and appliances. The authors uti-
lized REM/Rate software to perform energy simulation. The team
also incorporated local climate data that are available for cities and
towns throughout North America into the energy simulation. The
site specific weather data were derived from ASHRAE Standard 90.1
under the site location menu. REM/Rate software has been widely
adopted in energy auditing practice [31–33] and is thus recognized
as appropriate for home energy analysis.

The variable HERS presents the energy rating of a home’s energy
efficiency. The HERS Index is a nationally recognized scoring system
for measuring a home’s energy performance. Based on the results
of field testing and energy modeling, an energy rated home receives
a HERS Index Score. A score relates the home to the average stan-
dard new construction American home. A score of 100 is equal to
standard new construction for 2009 International Residential Code
(IRC), the latest version when projects incorporated in the study
were begun. Lower scores indicate a home performing better than
the standard American home. A zero on the HERS index is given
to a home demonstrating a net energy demand of zero. The HERS

Index Score can be CAFE standards, a sort of mile per gallon rating
for houses. It provides prospective buyers and homeowners insight
into how the home ranks in terms of energy efficiency [34].

Value Literature

Continuous, in kWh  [4,13,27]
ulation Continuous, in kWh  [28,29]

Continuous, in point [29,30]
mer Ordinal: <68F (20C);68-72F(22C);72-75F(24C);>75F [16,22,25]
ter Ordinal: <68F; 68-72F; 72-75F(24C); >75F [22,25]

Categorical: Spring; Summer; Fall; Winter [20]
Categorical: Yes; No [22]
Ordinal: Low; Medium; High [21]
Ordinal: Short; Medium; Long [23,31]
Ordinal: None; Sometimes; Often [22,24]

use Ordinal: None; Sometimes; Often [22,31]
Ordinal: Low; Medium; High [21]
Ordinal: Low; Medium; High [21]

ergy Categorical: Yes; No [22,26,31]
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Table  2
Summary of technical parameters for energy simulation.

Technology Parameter Description

Design & construction Size Continuous number in square feet or cubic feet.
Number of bedrooms Continuous number in count
House type Categories: apartment; multiple family; townhouse; duplex
Foundation type Categorical: slab; above conditioned space; conditioned basement

Heating & cooling Heat pump fuel Categorical: electric; gas
Heating seasonal performance factor Air-source heat pump heating efficiency
Seasonal energy efficiency ratio Air-source heat pump cooling seasonal efficiency

Water Water heater type Conventional storage; Heat pump; On demand; Solar
Water heater energy factor Gallons of heated water per fuel per day
Water heater tank size In gallons

Ventilation Duct leakage Air flow in cubic foot per minute (CFM)
Ventilation system type Categories: exhaust; Supply; Balanced; Air cycler
Ventilation system air flow Continuous number in cubic foot per minute (CFM)

Insulation R-value R-values of ceiling, sealed attic, slabs, and above grade walls
U-value U-value of windows
Solar heat gain coefficient Solar heat gain coefficient (SHGC) of windows
Infiltration rate Infiltration rates of heating and cooling

Lights & appliance Interior lighting Interior lighting percentage
Exterior lighting Exterior lighting percentage
Refrigerator energy Energy per year
Dishwasher energy factor Dishwasher energy factor in cycles/kWh
Range and Oven Type of gas or electric
Clothes dryer factor Clothes dryer energy factor in pounds/kWh
Ceiling fan factor Ceiling fan energy factor in cfm/Watt

Table 3
Summary of sample home units.

Location Project type Utility records Technical records Behavioral records Complete records

Chesapeake City Family 31 33 33 31
Richmond City Senior 23 22 23 22
Richmond City Family 29 30 36 28
Orange  Town Family 18 20 21 17
Wytheville Town Family 12 24 14 12
Lynchburg City Senior/Disability 13 15 16 13
Virginia  Beach City Family 21 23 24 21
Hampton City Family 9 7 12 7
Arlington City Family 3 0 6 0
Pulaski  Town Senior 17 18 18 16
King  George County Senior/Disability 14 24 15 14
Arlington County Family 5 5 3 3
Petersburg City Senior 25 25 20 20

n
i
c
u
E
s
n
s
a
f
t
v
i

3

2
r
c
u
u

Christiansburg Town Family 20 

Scottsville Town Senior 19 

Total  259 

It is noteworthy to explain that variables in this study are
ot all in similar units, which makes it difficult to assess relative

mportance. In addressing this problem, the authors mathemati-
ally converted the variables of continuous values (e.g., the energy
se and HERS score) into standardized scores (e.g., variables of ECo,
Cs, and HERS in Table 1) through a process of standardization. The
tandardized variable presents a standard deviation from the origi-
al variable above or below the mean [35]. In other words, a positive
tandardized score indicates a datum above the mean while a neg-
tive one indicates below the mean. Standardization is a useful tool
or making regression models more meaningful and is often used
o facilitate comparability of the relative importance of predictor
ariables [36,37]. Thus, the researchers used standardized variables
n the regression analysis for computational purposes.

.2. Data collection

The researchers conducted multiple site visits to collect data in
014 and 2015. We  collected three types of empirical data that are

epresented in three categories of variables (see Table 1). Specifi-
ally, the three types of variable data are: (1) utility records of the
nit’s energy consumption, (2) technical records of the building
nit (HERS certificate), and (3) surveys of resident behavior. Utility
14 9 4
13 8 7
273 258 215

records (i.e., utility bills or often locally termed “light bills”) were
collected through onsite signed releases and a partnership with
Wegowise, an on-line utility tracking platform. Technical records
were collected during site visits with collaboration from property
managers. These records were measured and documented by certi-
fied professionals when homes were built or renovated. Behavioral
records were collected through a hand-written survey onsite with
residents.

Surveying many units in person is a difficult task. The survey
team coordinated with property managers to hold meetings of res-
idents for collecting survey data in person or email them the link
to the survey. Since many residents did not show up for these
meetings where data were meant to be collected, members of the
survey team went into the developments and knocked on doors,
asking people randomly to answer the survey and sign releases.
Approximately 50% of all surveys were collected in this manner.
When on-site collection processes did not work as planned, prop-
erty managers were also asked to anonymously collect surveys left
for residents. These surveys collected by property managers con-

stituted approximately 10% of all surveys collected. To increase the
validity of survey, most questions were designed to ask the annu-
ally average behavior and some other questions were season based
(e.g., the temperature setting). It is important to note that the data
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Fig. 2. Flow chart for resea

ollection plan was designed and processed to protect the human
ubjects of participants under the researchers’ Institutional Review
oard (IRB) policies.

The criteria for sample selection included the building’s geo-
raphical location, application of green building technologies, and
ustainable construction practices. Ideal samples should cover the
ntire geography of the state. The sample developments needed
o be built or renovated after 2009, which ensures the availabil-
ty of recent green building technologies during construction. The
amples were also required to be EarthCraft Virginia certified green
uildings after constructed.

Table 3 summarizes the sample of units and records collected
or this research. The initial sample in this study was 312 mul-
ifamily residential units across the State of Virginia. The units
ncluded both new constructed and renovated residential build-
ngs. New construction project units are located in the counties or
ities of Arlington, Hampton, King George, Lynchburg, Petersburg,
nd Wytheville. Renovated project units are located in the coun-
ies or cities of Abingdon, Arlington, Chesapeake, Christiansburg,
range, Richmond, Scottsville and Virginia Beach. Because of miss-

ng data or data unavailability, the number of complete records
cross all categories (utility records by unit over a continuous 12
onths, technical records and complete resident behavior survey)

s less than the initial sample size.

. Methods

Fig. 2 displays the overall method and process for data analysis.
he figure also illustrates the associations among specific analysis
teps, analytical methods, expected results, and the corresponding
esearch objectives. The data analysis includes three specific steps

f which Step 1 and 2 address Objective #1 and Step 3 addresses
bjective #2. The two research objectives are previously explained

n the Introduction section. Specifically, the three analysis steps are
s follows:
jectives and methodology.

Step 1: The authors examined the goodness-of-fit of three
regression models (Mode #1–3) to address Objective #1 exploring
the optimal interpretation of home energy consumption. Model #1
represents only the direct impact of building technology on energy
consumption. Model #2 represents both direct impacts of build-
ing technology and resident behavior on energy consumption. In
addition to Model #2, Model #3 adds interactions between build-
ing technology and resident behaviors. The regression equations of
Models #1–3 are described in the following Eqs. (1)–(3), respec-
tively.

Model #1 : Y = ˇaT + ε (1)

Model #2 : Y = ˇaT + ˇbB + ε (2)

Model #3 : Y = ˇaT + ˇbB + ˇcTB + ε (3)

where Y represents the energy consumption variable, T represents
the building technology vector, B represents the resident behavior
vector (refer to Table 1),  ̌ is the corresponding regression coeffi-
cient, and � is the error item.

Step 2: The researchers conducted stepwise regression to select
the best model [38,39]. All the variables listed in Table 1 were used
in the stepwise analysis. Stepwise regression is an automatic ana-
lytic technique in model building that identifies a useful subset of
predictors [40]. The technique requires two  significance levels: one
for adding variables and one for removing variables. In other words,
it combines forward and backward selection techniques. The pro-
cess systematically adds the most significant variable or removes
the least significant variable during each step. Stepwise regres-
sion is modified during forward selection as it checks all candidate
variables in the model to compute if the significance is reduced
below the designated tolerance level in very step. As a result, all

non-significant variables can be removed from the model one after
another. The cutoff probability for adding variables is less than the
cutoff probability for removing variables so that the procedure does
not get into an infinite loop.



228 D. Zhao et al. / Energy and Buildings 134 (2017) 223–233

Fig. 3. Histograms and Quantile Plots for the (a) Observed Energy Consumption 

Table 4
Summary of fit testing for Model #1, 2, and 3.

Model #1 Model #2 Model #3

R Square 0.064 0.323 0.462
Adj. R Square 0.060 0.234 0.303
RMSE 0.970 0.875 0.835

#
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Mean of Response <0.001 <0.001 <0.001
N  207 207 207

Step 3: The research team then generated Model #4 and Model
5 to identify which particular resident behaviors significantly cor-

elated to home energy consumption. The researchers used subsets
f effects (i.e., the predictors) resulting from the stepwise regres-
ion analysis to build Model #4 and #5. The subsets of predictors
ere determined during the model selection using measures of the
kaike information criterion (AIC) and the 10-fold cross-validation.
hese measures examine model robustness and confirm the accu-
acy of model estimates.

It is important to note that the authors applied a triangulation
trategy to increase validity and reliability. There is a limitation of
he introduced methods that rely upon the assumptions of occu-
ant in energy modeling. In the simulation, this work used the
efault program settings which are based on the average records
or a typical American home. Since the simulation’s focus is on the
uilding design and technology, the adoption of the same aver-
ge settings would help tease out noises from varying occupants.
o further mitigate such limitation, the researchers adopted three
pecific triangulation applications (see Fig. 2). They are: (1) two
nalysis approaches (the modeling test and stepwise regression)
o validate results for Objective #1; (2) two variables (i.e., ECs and
ERS index) in parallel to validate results of stepwise regression;
nd (3) two measures (the AIC and cross-validation) to validate the
ubsets of effects.

. Results

.1. Descriptive analysis

Fig. 3 describes the distributions of (a) observed energy con-
umption, (b) simulated energy consumption, and (c) HERS index.
he average observed annual energy use is 6777.4 kWh  and its stan-
ard deviation is 2587.1. The average computed annual energy use

s 8055.7 kWh  and its standard deviation is 1891.4. T-test results
n the difference between the observed energy use and computed

nergy use show that the difference is significant at a 99% level
f confidence (t = 6.59, p < 0.001). This finding indicates that the
ctual home energy consumption is 1278.3 kWh  on average less
han the technology-based estimation (simulation) for each home
(ECo), (b) Simulated Energy Consumption (ECs) and (c) HERS Index (HERS).

unit. Results also indicate the coefficient between the observation
and estimation equals 0.25 or low correlation and suggest the exis-
tence of other factors, other than technology, that effect observed,
actual energy consumption.

The quantile plot in Fig. 3c shows that the median HERS index is
68 with a range from 54 to 91. This finding validates quality for our
sample since all home units (N = 207) in the analysis are qualified
green buildings (HERS < 100).

5.2. Linear regression model comparison

Table 4 lists the comparison of goodness of fit among the regres-
sion models #1–3. Results show that the representativeness of
Model #1 is very low (R-Square = 0.064), suggesting that building
technology factors only are insufficient to explain actual energy
consumption. Results also show improved representativeness in
Models #2 and 3 (R-Square = 0.323 and 0.462) and indicate the
importance of resident behavior as a factor in explaining home
energy usage. Therefore, findings strongly suggest that resident
behavior impacts energy consumption and the interaction between
technology and behavior exists as well. To test the reliability
of these findings, the authors triangulated stepwise multivariate
regression analysis in the next section.

Fig. 4 exhibits the actual and predicted residuals in the whole
model leverage plot for Models #1–3. The plots provide a visual
indication of whether the test of interest is significant by test-
ing all effects. A model can be inferred as significant at 5% level
when confidence curves cross the horizontal line at the mean of the
response. Results indicate that all the three models satisfy all the
assumptions of correlations (p < 0.001) including normality, inde-
pendence, linearity, and homoscedasticity. In other words, none of
the three models contain concerns relative to influential points or
multicollinearity.

5.3. Stepwise multivariate regression

Fig. 5 shows the results of model fit test in stepwise multivari-
ate regression. The purpose of the test was  to select the subset of
effects for the best model based on Model #3 (see Eq. (3)). Math-
ematically, the lowest AIC and the highest 10-fold R2from 10-fold
cross validation represent the best model. As a result, when build-
ing technology was calculated by ECs (Fig. 5a, Model #4), the best
model was  obtained when the number of parameters equaled 16.
Mathematically, the parameters present variable levels in the com-

putation. In such model, the AIC reached the bottom at 529.0 and
the 10-fold R2 reached its peak at 0.224. Similarly, when building
technology was calculated by HERS (Fig. 5b, Model #5), the best
model was  selected when the number of parameters was 14 and
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ontained a minimum AIC of 535.1 and the maximum 10-fold R2 of
.158.

Table 5 presents the subsets of effects based on the selected two
odels. These effects present the variables left in the model in the
ase of the stepwise analysis. Results from stepwise regression con-
rm the existence of both main effects and interaction effects from
he resident behavior towards home energy consumption. Specifi-
ally, in Model #4, results identified behavioral factors ST (summer
ings 134 (2017) 223–233 229

temperature setting), WT  (winter temperature setting), HU (humid-
ity setting), DW (dishwasher usage), WD  (washer/dryer usage), and
ED (education on building systems) that contain main effects, and
factors ST,  WT, HU,  and ED that contain interaction effects with
building technology. Likewise, in Model #5, results identified ST,
WT, HU,  SL (shower length), WD, and ED as main effects, and ST, WT,
SL, and ED as interaction effects. It is noteworthy that both models
confirm four important resident behaviors that indicate tempera-
ture settings (winter/summer), humidity setting, and knowledge
of building systems. Therefore, the analysis provides quantifiable
evidence supporting the hypothesis that “building technology and
resident behaviors interact with each other and ultimately affect
home energy consumption.”

5.4. Effects of resident behaviors

To further explore the effects of variability in resident behaviors
on home energy consumption, the researchers placed the identified
subsets of effects into the regression models and analyzed their
standardized coefficients. Through this process, Models #4 and #5
were described in the form of Eqs. (4) and (5) as follows:

Model #4 : ECo = ˇa ∗ ECs + ˇb ∗ (ST + WT + HU + DW + WD + ED)

+ˇc ∗ ECs ∗ (ST + WT + HU + ED) +  ε (4)

Model #5 : ECo = ˇa ∗ HERS + ˇb ∗ (ST + WT  + HU + SL + WD + ED)

+ˇc ∗ HERS ∗ (ST + WT  + SL + ED) + ε (5)

It is important to validate the assumptions and conditions for
any regression model. Fig. 6 presents results from such validation
(i.e., the normal distribution test of the error terms). Results indi-
cate that the plots are approximately linear within the confidence
curves, which validates the assumptions and conditions for Models
#4 and #5.

Table 6 lists coefficients (ˇ) of all identified effects from Model
#4. The model demonstrates goodness of fit (lack of fit Sig. = 0.27)
and representativeness (Max R2 = 0.97). Results identified five
direct effects in explaining energy consumption: (1) 41.5% of build-
ing unit’s technology capacity directly contributes to overall energy
consumption (  ̌ = 0.415, Sig. <0.001) with all behavioral variables
held constant [41]; (2) the summer temperature set points lower
than 75F (24C) increases energy use (  ̌ = 0.232, Sig. = 0.037); (3)
winter temperature set points lower than 75F (24C) decreases
energy use (  ̌ = −0.162, Sig. = 0.048); (4) less or no use of washer
and dryer at home decreases energy use (  ̌ = −0.347, Sig. < 0.001);
and (5) the resident’s knowledge on building systems decreases the
energy use (  ̌ = −0.166, Sig. = 0.001). Moreover, results also identi-
fied four interaction effects between technology and behaviors: (1)
the summer temperature set points of lower than 72F (22C) lever-
ages the green technology’s performance (  ̌ = −0.145, Sig. = 0.024);
(2) the winter temperature set points lower than 68F (20C) lever-
ages the green technology’s performance (  ̌ = −0.417, Sig. = 0.002);
(3) the low humidity setting compared to medium hinders the
green technology’s performance (  ̌ = 0.287, Sig. = 0.001); and (4)
the resident’s knowledge on building systems leverages the green
technology’s performance (  ̌ = −0.210, Sig. = 0.003).

Similarly, Table 7 lists coefficients of identified effects from
Model #5. The model shows good model fit (lack of fit Sig. = 0.30)
and representativeness (Max R2 = 0.95). Results identified four

direct effects and two  indirect effects. The identified direct effects
are: (1) the summer temperature set points lower than 75F (24C)
increases energy use (  ̌ = 0.635, Sig. = 0.023); (2) the winter tem-
perature set points lower than 75F (24C) decreases energy use
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Table  5
Subsets of effects from stepwise regression model fitting.

Main effect Interaction effect SSE DFE RMSE R2 Cp P AIC

Model #4 ST,  WT, HU, DW, WD, ED ST,  WT, HU, ED 130.4 191 0.83 0.37 12.19 16 529.0
Model  #5 ST,  WT, HU, SL,  WD, ED ST, WT, SL,  ED 137.4 193 0.84 0.33 −1.47 14 535.1
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Fig. 5. Results of Stepwise Regression Model fits where building technology is presented in (a) Computed Energy Consumption and (b) HERS index.

Table 6
Results of identified effects from Model #4.

Effect Variable Levels Std  ̌ Std Err t Sig

Main ECs 0.415 0.097 4.30 <0.001**

ST (≤75F | >75F) 0.232 0.111 2.10 0.037*

WT (≤75F | >75F) −0.162 0.082 −1.99 0.048*

WD (Low & Medium | High) −0.347 0.063 −5.46 <0.001**

ED (Yes | No) −0.166 0.064 −2.61 0.001**

Interaction ECs*ST (≤72F | 72-75F) −0.145 0.064 −2.28 0.024*

ECs*WT (≤68F | 68-72F) −0.417 0.130 −3.21 0.002**

ECs*HU (Low | Medium) 0.287 0.083 3.46 0.001**

ECs*ED (Yes | No) −0.210 0.070 −2.99 0.003**

Lack of fit F = 1.382 (Sig = 0.273)
Max  R2 0.971

* Significant at 95%.
** Significant at 99%.
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Fig. 6. Normal probability plots of residuals for Models #4 and #5.

Table 7
Results of identified effects from Model #5.

Effect Variable Levels Std  ̌ Std Err t Sig

Main ST (≤75F | >75F) 0.635 0.277 2.29 0.023*

WT (≤75F | >75F) −0.433 0.183 −2.36 0.019*

WD (Medium | High) −0.988 0.286 −3.45 0.001**

ED (Yes | No) −0.161 0.072 −2.24 0.026*

Interaction HERS*WT (≤68F | 68-72F) −0.631 0.290 −2.18 0.031*

HERS*ED (Yes | No) −0.257 0.080 −3.21 0.002**

Lack of fit F = 1.915 (Sig = 0.295)
Max  R2 0.948
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* Significant at 95%.
** Significant at 99%.

 ̌ = −0.433, Sig. = 0.019); (3) less use of washer and dryer decreases
nergy use (  ̌ = −0.988, Sig. = 0.001); and (4) the resident’s knowl-
dge on building systems decreases the energy use (  ̌ = −0.161,
ig. = 0.026). The two identified indirect effects are: (1) the winter
emperature set points lower than 68F (20C) leverages the green
uilding technology’s performance (  ̌ = −0.631, Sig. = 0.031); and
2) the resident’s knowledge on building systems leverages the
reen technology’s performance (  ̌ = −0.257, Sig. = 0.002).

. Discussion and conclusion

In the U.S., 21.7% of energy was consumed by residential build-
ngs [1]. To mitigate the energy use and reduce carbon emissions,
he nation has endeavored huge efforts in the research and devel-
pment of advanced building technology in the past decade. Unlike
revious research, this study posits a strategy for energy use reduc-
ion through a systems perspective that focuses on the interaction
ffects between human and technology. The researchers collected
echnical and behavioral records from more than 300 residen-
ial units and their energy consumption across a whole year;
nd then analyzed the data using multivariate regression tech-
iques. Data analysis provides quantifiable evidence supporting
he hypothesis that “building technology and resident behaviors
nteract with each other and ultimately affect home energy con-
umption.” Specifically, results identified four direct correlates

etween resident behavior and home energy use: temperature set-
ings (winter/summer), use of a washer and dryer, and knowledge
bout building systems. Results also identified two indirect cor-
elates (increasing the effect) between technology and behavior:
temperature settings specifically during winter and the knowledge
about building systems.

Our findings suggest that technological advances in building
systems only directly contribute to 42% of energy efficiency. In
other words, occupant habits could not take advantage of more
than 50 percent of energy efficiency potential that a green building
allows. The finding explains, to some extent, why the energy use
in buildings remains the same as years ago, given the technolog-
ical advances in architectural, mechanical, and electrical systems.
From a systems perspective, a home is a tiny sociotechnical sys-
tem [42] in which energy savings require the collective efforts of
humans, technologies, management, and the environment. Conse-
quently, both technical advances and behavioral plasticity contain
achievable impacts on energy efficiency in buildings.

The work has identified the interaction effects that enable a bet-
ter interpretation of the underlying relationships among occupants,
technologies, and energy use. In scientific studies, the concept of
interaction effects are often easy to understand yet the precise
meaning is apparently difficult to interpret [43]. In this study, the
interaction effects indicate a joint effort from human and technol-
ogy on the energy use. Occupant behavior and building technology
are like two legs without either of which the journey toward energy
efficiency would not be possible. Moreover, within such joint effort,
the effect of either human or technology depends on the other’s
particular level/value. In other words, the effect of the same level
of technology varies for different occupant and vice versa. It is

obvious that a higher level of green building technology would
lead to less energy use; however, when considering the interac-
tion with resident behavior, the most advanced technologies might
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ot necessarily be the optimal option for all occupants. It should
e noticed that the identified interaction effects are mutual rather
han one-way. That means behavior can impact the technology’s
erformance and on the other hand the performance influences
ccupant behavior as well. For example, during the onsite visits,
ome participants pointed that “if the heating does not quickly
arm the house in winter, I often increase the thermostat tem-
erature set point to make it working quickly,” or “if the AC is
ot working in a fast manner, I will turn on the fan at the same
ime.” Therefore, all of the interactions would jointly affect the
ome energy use.

The findings yield three practical implications for energy effi-
iency and global energy use. First, clear and valid information
o homeowners and renters regarding building technology and
nergy savings delivered by housing stakeholders is increasingly
mportant. Home builders, remodelers, contractors, realtors, spe-
ialty contractors, retrofit auditors, and mortgage lenders could
e credible sources to deliver such information: a green building
rovides energy saving potential and the actual energy use also

argely depends on resident behaviors. Second, energy saving pro-
rams, for example tax incentives, should include shared energy
onitoring systems to collect behavioral feedback [44]. Behavior-

ntegrated programs and policies will be more impactful on energy
onservation. This reflects a big scope of human-energy integration
hat calls for improved manipulation of individual factors driving
nergy use at the household level [45]. Third, energy assessment
ools and practices should incorporate occupant use patterns to
rovide more accuracy; and consequently, improved accuracy may
ositively influence the success of home energy retrofit decisions.

Some limitations and related extension of the present study
eserve attention. One technical point is that the identified resident
ehaviors are subject to the geographical patterns and demograph-

cs. The data used in this study only cover buildings located in the
arm climate zone and thus the results do not necessarily rep-

esent behaviors for residents living in the cold climate zone. In
uture research, regional and national-level samples are needed,
overing varying climate zones. Another noteworthy point is that
esign and construction costs should be present in the model. The
evised model may  uncover deeper insight into the relationship
etween financial savings during planning versus operations and
he direct and indirect correlates with occupant behavioral, which
llows urban planners and developers more accurate prediction
nd decision making.

eferences

[1] U.S. Energy Information Administration, Electricity Data, 2016 (May 20)
(2016) <http://www.eia.gov/electricity/>.

[2] R. Gulbinas, J.E. Taylor, Effects of real-time eco-feedback and organizational
network dynamics on energy efficient behavior in commercial buildings,
Energy Build. 84 (2014) 493–500.

[3] M.  Keefe, A. McCoy, D. Sanderford, D. Zhao, Adoption patterns of energy
efficient housing technologies 2000-2010: builders as innovators, in: 2nd
Annual Residential Building Design and Construction Conference (RBDCC
2014), Bethlehem, PA, 2014.

[4] U.S. Department of Energy, Buildings Efficiency, 2015 (October 10) (2014)
<http://www.energy.gov/eere/efficiency/buildings>.

[5]  U.S. Department of Energy, Buildings Energy Data Book, D&R International,
Ltd., 2011.

[6] D. Zhao, A. McCoy, J. Du, An empirical study on the energy consumption in
residential buildings after adopting green building standards, Procedia Eng.
145 (2016) 766–773 http://dx.doi.org/10.1016/j.proeng.2016.04.100.

[7]  C.J. Kibert, Sustainable Construction: Green Building Design and Delivery,
John Wiley & Sons, 2008.

[8] J. Yudelson, Green Building Trends: Europe, Island Press, 2012.
[9] A. Pfeiffer, M.  Koschenz, A. Wokaun, Energy and building technology for the
2000 W society—Potential of residential buildings in Switzerland, Energy
Build. 37 (11) (2005) 1158–1174 http://dx.doi.org/10.1016/j.enbuild.2005.06.
018.

10] S.A. Jones, D. Laquidara-Carr, World Green Building Trends, Dodge Data &
Analytics, Bedford, MA,  2016.
ings 134 (2017) 223–233

11] U.S. Census Bureau, American Housing Survey (AHS), 2014 (December 10)
(2013) <http://www.census.gov/programs-surveys/ahs.html>.

12] S.M. Beheiry, W.K. Chong, C.T. Haas, Examining the business impact of owner
commitment to sustainability, J. Constr. Eng. Manage. 132 (4) (2006) 384–392.

13] A.D. Lee, R. Chin, C. Marden, Affordable Housing: Reducing the Energy Cost
Burden, Pacific Northwest Lab., Richland, WA  (United States), 1995.

14] D. Zhao, A.P. McCoy, J. Smoke, Resilient built environment: new framework
for assessing the residential construction market, J. Archit. Eng. 21 (4) (2015)
B4015004 http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177.

15] H.B. Gunay, W.  O’Brien, I. Beausoleil-Morrison, A. Perna, On the behavioral
effects of residential electricity submetering in a heating season, Build.
Environ. 81 (2014) 396–403 http://dx.doi.org/10.1016/j.buildenv.2014.07.
020.

16] C. Peng, D. Yan, R. Wu,  C. Wang, X. Zhou, Y. Jiang, Quantitative description and
simulation of human behavior in residential buildings, Build. Simul. (2012)
85–94.

17] T. Schwartz, G. Stevens, T. Jakobi, S. Denef, L. Ramirez, V. Wulf, D. Randall,
What people do with consumption feedback: a long-term living lab study of a
home energy management system, Interact. Comput. (2014), http://dx.doi.
org/10.1093/iwc/iwu009.

18] O.G. Santin, L. Itard, H. Visscher, The effect of occupancy and building
characteristics on energy use for space and water heating in Dutch residential
stock, Energy Build. 41 (11) (2009) 1223–1232 http://dx.doi.org/10.1016/j.
enbuild.2009.07.002.

19] M.  Brandemuehl, K. Field, Effects of variations of occupant behavior on
residential building net zero energy performance, in: 12th Conference of
International Building Performance Simulation Association, Sydney, 2011, pp.
14–16.

20] Z.M. Zain, M.N. Taib, S.M.S. Baki, Hot and humid climate: prospect for thermal
comfort in residential building, Desalination 209 (1) (2007) 261–268.

21] J. Ouyang, K. Hokao, Energy-saving potential by improving occupants’
behavior in urban residential sector in Hangzhou City, China, Energy Build. 41
(7)  (2009) 711–720 http://dx.doi.org/10.1016/j.enbuild.2009.02.003.

22] D.S. Parker, Research highlights from a large scale residential monitoring
study in a hot climate, Energy Build. 35 (9) (2003) 863–876.

23] D.E. Hoak, D.S. Parker, A.H. Hermelink, F.S.E. Center, How energy efficient are
modern dishwashers, Florida Solar Energy Center. August (2008).

24] K. Ek, P. Söderholm, The devil is in the details: household electricity saving
behavior and the role of information, Energy Policy 38 (3) (2010) 1578–1587.

25] C. Fischer, Feedback on household electricity consumption: a tool for saving
energy? Energy Effic. 1 (1) (2008) 79–104.

26] S. Chen, W.  Yang, H. Yoshino, M.D. Levine, K. Newhouse, A. Hinge, Definition
of occupant behavior in residential buildings and its application to behavior
analysis in case studies, Energy Build. 104 (2015) 1–13.

27] D. Parker, E. Mills, L. Rainer, N. Bourassa, G. Homan, Accuracy of the home
energy saver energy calculation methodology, Proceedings of the 2012 ACEEE
Summer Study on Energy Efficiency in Buildings (2012).

28] RESNET, ANSI/RESNET 301-2014: Standard for the calculation and labeling of
the energy performance of low-rise residential buildings using the HERS
index, 2015 (March 08) (2014). <http://www.resnet.us/standards/ANSI-
RESNET 301-2014.pdf>.

29] T. Williamson, V. Soebarto, H. Bennetts, A. Radford, House/home energy rating
schemes/systems (HERS), in: PLEA 2006-23rd Conference on Passive and Low
Energy Architecture, Geneva, Switzerland, 6–8 September 2006, Citeseer,
2006.

30] W.  Abrahamse, L. Steg, C. Vlek, T. Rothengatter, The effect of tailored
information, goal setting, and tailored feedback on household energy use,
energy-related behaviors, and behavioral antecedents, J. Environ. Psychol. 27
(4) (2007) 265–276.

31] M.  Mosteiro-Romero, U. Krogmann, H. Wallbaum, Y. Ostermeyer, J.S. Senick,
C.J. Andrews, Relative importance of electricity sources and construction
practices in residential buildings: a Swiss-US comparison of energy related
life-cycle impacts, Energy Build. 68 (2014) 620–631 http://dx.doi.org/10.
1016/j.enbuild.2013.09.046.

32] K. Walsh, H. Bashford, M.  Anand, Cost-benefit analysis of residential
energy-efficiency upgrades in Phoenix, Arizona, J. Archit. Eng. 9 (1) (2003)
11–17 http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11).

33] A. Sawhney, A. Mund, M.  Syal, Energy-efficiency strategies for construction of
five star plus homes, Pract. Period. Struct. Des. Constr. 7 (4) (2002) 174–181
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174).

34] B. Polly, N. Kruis, D.R. Roberts, B. America, Assessing and Improving the
Accuracy of Energy Analysis for Residential Buildings, US Department of
Energy, Energy Efficiency and Renewable Energy, Building Technologies
Program, National Renewable Energy Laboratory, 2011.

35] F. Mosteller, J.W. Tukey, Data analysis and regression: a second course in
statistics, in: Addison-Wesley Series in Behavioral Science Quantitative
Methods, 1977.

36] T.A. Snijders, Multilevel analysis, Springer, 2011.
37] J.J. Hox, M.  Moerbeek, R. van de Schoot, Multilevel Analysis: Techniques and

Applications, Routledge, 2010.
38] S.S. Amiri, M.  Mottahedi, S. Asadi, Using multiple regression analysis to
develop energy consumption indicators for commercial buildings in the U.S,
Energy Build. 109 (2015) 209–216 http://dx.doi.org/10.1016/j.enbuild.2015.
09.073.

http://www.eia.gov/electricity/
http://www.eia.gov/electricity/
http://www.eia.gov/electricity/
http://www.eia.gov/electricity/
http://www.eia.gov/electricity/
http://www.eia.gov/electricity/
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0010
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0015
http://www.energy.gov/eere/efficiency/buildings
http://www.energy.gov/eere/efficiency/buildings
http://www.energy.gov/eere/efficiency/buildings
http://www.energy.gov/eere/efficiency/buildings
http://www.energy.gov/eere/efficiency/buildings
http://www.energy.gov/eere/efficiency/buildings
http://www.energy.gov/eere/efficiency/buildings
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0025
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://dx.doi.org/10.1016/j.proeng.2016.04.100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0035
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0040
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://dx.doi.org/10.1016/j.enbuild.2005.06.018
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0050
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://www.census.gov/programs-surveys/ahs.html
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0060
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0065
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1061/(asce)ae.1943-5568.0000177
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://dx.doi.org/10.1016/j.buildenv.2014.07.020
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0080
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
dx.doi.org/10.1093/iwc/iwu009
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://dx.doi.org/10.1016/j.enbuild.2009.07.002
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0095
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0100
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://dx.doi.org/10.1016/j.enbuild.2009.02.003
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0110
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0115
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0120
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0125
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0130
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0135
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://www.resnet.us/standards/ANSI-RESNET_301-2014.pdf
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0145
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0150
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1016/j.enbuild.2013.09.046
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1076-0431(2003)9:1(11)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://dx.doi.org/10.1061/(ASCE)1084-0680(2002)7:4(174)
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0170
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0175
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0180
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0180
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0180
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0180
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0180
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0180
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0185
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073
http://dx.doi.org/10.1016/j.enbuild.2015.09.073


 Build

[

[

[

[

[

[

influence of buildings, residents and the neighborhood context, Energy Build.
55 (2012) 637–646 http://dx.doi.org/10.1016/j.enbuild.2012.09.013.

[45] P.C. Stern, Individual and household interactions with energy systems:
D. Zhao et al. / Energy and

39] J.S. Hygh, J.F. DeCarolis, D.B. Hill, S. Ranji Ranjithan, Multivariate regression as
an  energy assessment tool in early building design, Build. Environ. 57 (2012)
165–175 http://dx.doi.org/10.1016/j.buildenv.2012.04.021.

40] W.  Tian, A review of sensitivity analysis methods in building energy analysis,
Renew. Sustain. Energy Rev. 20 (2013) 411–419 http://dx.doi.org/10.1016/j.
rser.2012.12.014.

41] L.L. Nathans, F.L. Oswald, K. Nimon, Interpreting multiple linear regression: a

guidebook of variable importance, Pract. Assess. Res. Eval. 17 (9) (2012) 1–19.

42] D. Zhao, A.P. McCoy, B.M. Kleiner, T.L. Smith-Jackson, G. Liu, Sociotechnical
systems of fatal electrical injuries in the construction industry, J. Constr. Eng.
Manage. 142 (1) (2016) 04015056 http://dx.doi.org/10.1061/(asce)co. 1943-
7862.0001036.
ings 134 (2017) 223–233 233

43] G. Fitzmaurice, The meaning and interpretation of interaction, Nutrition 16
(4)  (2000) 313–314.

44] X. Xu, J.E. Taylor, A.L. Pisello, P.J. Culligan, The impact of place-based affiliation
networks on energy conservation: an holistic model that integrates the
toward integrated understanding, Energy Res. Soc. Sci. 1 (2014) 41–48 http://
dx.doi.org/10.1016/j.erss.2014.03.003.

http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.buildenv.2012.04.021
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://dx.doi.org/10.1016/j.rser.2012.12.014
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0205
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://dx.doi.org/10.1061/(asce)co. 1943-7862.0001036
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://refhub.elsevier.com/S0378-7788(16)31371-8/sbref0215
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.enbuild.2012.09.013
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003
http://dx.doi.org/10.1016/j.erss.2014.03.003

	Interaction effects of building technology and resident behavior on energy consumption in residential buildings
	1 Introduction
	2 Background
	2.1 Home energy consumption
	2.2 Green building technology
	2.3 Resident behavior

	3 Data
	3.1 Variables
	3.2 Data collection

	4 Methods
	5 Results
	5.1 Descriptive analysis
	5.2 Linear regression model comparison
	5.3 Stepwise multivariate regression
	5.4 Effects of resident behaviors

	6 Discussion and conclusion
	References


