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Abstract: The need to build more facilities has intensified the inherited adverse impacts of the
construction industry on the triple bottom lines of sustainability (i.e., people, planet, and profit).
The current practice of sustainability in the construction industry is far from reaching the targeted
green goals. In order to foster these endeavors, this study aims to explore sustainable construction
barriers in the United States. To achieve the objective, first, 12 sustainability barriers were identified
based on an excessive and comprehensive literature review and solicitation of experts’ opinions
to validate the barriers. Next, a questionnaire survey was developed and distributed among 135
industry professionals to evaluate the relative importance of factors. To offer a practical solution,
principal component analysis (PCA) was used to analyze the data and find the most effective barriers.
The results show that four major barriers, including (1) pre-construction constraints, (2) managerial
constraints, (3) legislative constraints, and (4) financial and planning constraints are the most influential
challenges that the industry faces to foster sustainable construction. Practical solutions are suggested
to tackle sustainable construction barriers. The findings of this study are beneficial to the architecture,
engineering, and construction (AEC) industry members along with owners and policymakers.

Keywords: sustainable construction; sustainability barriers; principal component analysis; construction
management; sustainable development

1. Introduction

Constant population growth around the globe has increased the demand for housing and expansion
of infrastructure. Consequently, the construction industry has become one of the fastest-growing sectors
on a global scale. This has made public and private entities around the world pay much attention to
the construction industry, as one of the leading drivers of economic growth in any country [1].

The rush to meet the massive demand for more facilities has intensified the inherited adverse
impacts of the construction industry on the triple bottom line of sustainability (i.e., people, planet,
and profit). Parallel to construction growth, the world is moving towards a global climate change which,
according to scientists, can dramatically affect our lives in multiple respects. Alarming climate concerns
have encouraged environmental activists to advocate for preventive measures that can mitigate or
decelerate the detrimental effects of human activities on the environment. These measures can range
from reducing greenhouse gas emissions, such as carbon dioxide (CO2) and chlorofluorocarbons (CFC),
to increasing reliance on renewable energy and decreasing waste to reduce, reuse, and recycle materials.
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In the construction industry, green building initiatives have been developed to fulfill the need
to meet sustainability goals. The term “green construction” is used to address practices in creating
the built environment by minimizing its footprint on the natural or existing setting. In a broader
vision, green construction has evolved into “sustainable construction”, which considers the social and
economic outcomes of construction in addition to its environmental impacts. Construction activities
significantly influence the social, environmental, and economic aspects of sustainability [2]. In the
construction industry, green building initiatives have been developed to fulfill the need to meet
sustainability goals. The sustainable development trend in the construction industry has resulted in
sustainable design and construction practices, as well as the development of sustainable rating systems.
A construction project must pass minimum green-oriented requirements, to be implemented during the
design, construction, and operation of a project, to receive a recognition badge in a sustainability rating
system such as Leadership in Energy and Environmental Design (LEED). Although implementing
these sustainability requirements might require initial cost, they provide owners and builders with a
set of guidelines to mitigate the environmental, social, and economic issues that are associated with
construction and operation processes. Despite great previous effort, the current practice of sustainability
in the construction industry is far from reaching the green goals of the triple bottom line of sustainability
(i.e., people, planet, and profit) to fully achieve sustainable construction. Recent research has shown
that the construction industry requires a significant transformation to fully implement sustainable
practices to contribute to the achievement of SDGs [3]. Therefore, the goal of this study is to shed light
on challenges and barriers to sustainable construction practices in the US construction industry and
foster the integration of sustainable practices. The results of this paper are expected to pave the way
for sustainability practice implementation in the construction industry.

2. Literature Review

Endeavor to lower the high pressure on the environment and its resources can only be successful
through a comprehensive collaboration of all parties and individuals [4]. The construction section is
not an exception in this effort, as it holds a substantial role in creating as well as potentially preventing
a wide variety of environmental concerns [5–7]. According to a report published by the United Nations
(UN), the built environment is one of the primary contributors to four major environmental concerns:
(1) greenhouse gas emissions, (2) potable water consumption, (3) electricity consumption, and (4)
energy consumption (see Figure 1). Therefore, it is essential to seek strategies and approaches that can
restrict the adverse impacts of the construction process.
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The term “sustainable development” emerged in the 1970s to describe a future in which the
demand of future generations is not compromised by the existing generation [9,10]. A key objective of
sustainable development is to identify the temporal and spatial patterns of use of the planet’s resources
as well as their availability, and design accordingly to balance the impacts of industries on natural
resources [11]. Although the primary purpose of sustainable development is not to fight against climate
change, it is inseparably bound to actions against it. Therefore, sustainable development practices can
be a critical solution to contribute to sustainability on a global scale and mitigate climate change.
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The UN has identified 17 sustainable development goals (SDGs), which can be categorized into
three pillars: social, economic, and environmental sustainability goals [12]. Social sustainability promises
a better and more equitable quality of life for people [13]. Zero hunger, no poverty, good health and
well-being, and quality education are other examples of social sustainability. Economic sustainability is
positive and smart economic growth without adversely affecting the environment or society. For example,
the construction of soccer stadiums for the 2014 World Cup soccer tournament in Brazil was not
economically sustainable, and it provoked the social opposition of protestors [14]. The taxpayers of Brazil
demanded that $3.6 billion of stadium construction was invested in healthcare, education, and public
transportation [15]. Finally, environmental sustainability includes vast sustainability practices to control
and prevent undesirable environmental consequences such as air pollution by reducing the need for
non-renewable energy sources. Examples of these practices include the use of sustainable materials,
energy-saving systems, and sustainable waste management, to name a few [16–19].

Parallel to rapid population growth and the urbanization process, the construction industry must
keep pace to supply the constantly growing housing and infrastructure demand [20–22]. There is
abundant research that confirms the significant role of the construction industry in sustainable
development [1,23–25], which indicates that, to contribute to sustainable development, investing in
sustainable construction is instrumental [26,27]. The adverse impact of the construction industry on
sustainable development could be explained in four categories of depleting natural resources, polluting
the environment, generating solid and toxic wastes, and deforestation. The examples of each category
are presented in Table 1 [28].

Table 1. The adverse impact of the construction industry on sustainable development (Source: Tafazzoli
2018 [28]).

Adverse Impact Examples

Depleting natural resources

Energy resources, including natural gas, petroleum, coal;
construction materials that are manufactured using non-renewable
resources, e.g., cement, wood, soil, sand, gravel, clay, metals,
limestone, granite, slate, bituminous, etc.

Polluting the environment
Air pollution (dust and particulate matter), water pollution
(oil, paint, and chemicals), soil pollution (oil penetration,
soil compaction, and removing vegetation), and noise pollution.

Generating solid and toxic wastes Plastics, glass, wood, metals, chemicals, oil, etc.

Deforestation Timber extraction, dam construction, and other infrastructure
development in the proximity of forests.

The construction industry is a massive consumer of natural resources [29,30]. According to the
Global Status Report, “buildings and construction together account for 36% of global final energy use
and 39% of energy-related carbon dioxide” [6,31]. Figure 2 shows the share of global final energy
consumption by sector, and the percentage of global energy-related CO2 emissions by industry, in 2015.
As can be seen, the construction industry alone accounts for 1/6 of the energy consumption of all sectors
on a global scale and almost 27% of all energy-related CO2 emissions generated by all sectors.

In addition, the construction industry, by its nature, drastically contributes to several types
of pollution [32]. Dust pollution and distribution of particulate matter are a critical challenge for
building projects in urban areas [33]. Construction activities also adversely impact surface water.
Harbor (1999) [34] highlighted that sedimentation is the most significant pollutant on a construction
project. According to Burton and Pitt (2001) [35], construction accounts for 10% of the sediment load to
water bodies in the United States. In addition to sedimentation, construction activities release oils,
paints, volatile organic compounds (VOCs), glues, diesel, cement, and other toxic chemicals to water
and adversely impact the environment and social well-being [36].
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Figure 2. Share of global final energy consumption by sector (black) and percentage of global energy-related
CO2 emissions by sector (gray) in 2015.

Construction projects and, more particularly, construction equipment, intensify erosion and soil
pollution and can create irreversible damage to the environment [37]. This type of pollution is commonly
a result of oil leaks [38], soil compaction [39], and removal of vegetation [40]. Furthermore, noise pollution
caused by construction equipment is considered one of the critical detriments of social sustainability [41].
The dramatic increase in the number of residential projects poses the threats of deforestation and losing
undeveloped green space. In a study by Roger et al. (2017) [42], the authors investigated the impact of
power line construction on deforestation in the Central African region. They mentioned that the falling
of neighboring trees or their branches was a potential threat to the operation of power lines. However,
the removal of trees is not an ideal solution because it can contributed to deforestation.

The literature highlights that sustainable construction requires a paradigm shift and transformation
of processing methods in a holistic life-cycle approach that encompasses planning through to the
destruction of buildings. This concept is shown in Figure 3 [26].
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Research studies on different aspects of sustainable construction can be divided into the
following categories.

Group 1—Studies that investigate the negative impacts of the construction industry on the
triple bottom lines of sustainability. In the previous section, some of these adverse impacts were
discussed. Reviewing the literature indicates a gradual shift from studying the general adverse effects
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of construction, such as material consumption, to investigating more detailed and less noticeable
effects, such as social sustainability.

Group 2—Studies that focus on creating more sustainable practices and methods for planning, design,
construction, maintenance, renovation, and demolition of buildings. For instance, Panda et al. (2017) [43]
introduced and studied the mechanical performance of 3D-printed fiber-reinforced concrete as a
sustainable construction material.

Similarly, Achal and Mukherjee (2015) [44] studied biomineralization as a solution to reduce the
demand for concrete as the most consumed artificial material on the planet. Chang et al. (2016) [45]
studied the existing key policies of regulations and control in China to push the sustainable movement.
It is worth mentioning that many studies in this category are region-specific and reflect the needs and
potentials of shifting towards more sustainable practices in the construction industry. For example,
in some countries, technology might be a major barrier for further implementation of construction
sustainable practices, but that might not be the case in the US. In general, demography, culture, norms,
background, and standards of a community can affect the process of identifying important barriers.

Group 3–A new trend that focuses on developing a strategic planning framework for sustainable
development implementation. As an example of these studies, Cruz et al. (2019) [46], in a recent study,
introduced the concept of “sustainable sustainability” in the construction industry. They provided
a roadmap of actions and strategies for different stakeholders to plan for long-term sustainable
development implementation.

Group 4–Studies that focus on developing specific sustainable assessment systems. Examples of
this category include the research by Karji et al. (2019) [14], who developed a sustainable assessment
system for mass housing construction, and Shuqin et al. (2019) [47], who developed a sustainability
evaluation system for a university campus.

Group 5–Studies that investigate major barriers to sustainable construction. Acknowledging
the conflicting interests of owners, contractors, and residents in what is called sustainable or “green”
building has been highlighted in past research as a critical consideration in finding solutions to increase
the sustainability of construction [8]. Table 2 summarizes the results of similar studies that focused on
finding the impediments to applying sustainable practices in the construction sector [28].

Table 2. Primary barriers to the thriving of sustainability practices in the literature.

Author Country/Region Major Barriers

Van Bueren and Priemus (2002) [48] Netherlands Institutional factors

Studer et al. (2005) [49] Hong Kong

Lack of a legal requirement to report
sustainability, inadequate support from senior
management, no demand from shareholders

for sustainability reporting

Pitt et al. (2009) [50] England Low affordability

Pinkse and Dommisse (2009) [51] Netherland Costs for the contractors

Sourani and Sohail (2011) [52] England
Lack of funding, restrictions on expenditure
and reluctance to incur a higher capital cost

when needed

Similar to in Group 2, the barriers to sustainable construction are mainly studied based on
specific conditions in the studied region. For example, AlSanad (2015) [53] investigated the barriers to
sustainable construction in Kuwait. Although the US is a leading country in the construction industry,
limited research has been conducted to discover the barriers to promoting sustainable construction. In
a limited study by Tafazzoli (2018) [28], a few barriers (e.g., unwillingness to pay the additional initial
costs of the green buildings) were reported by interviewing a small sample of twelve construction
professionals in the United States, primarily investigating the barriers only from the perspectives of
owners and investors. Therefore, this study aims to be a comprehensive attempt to explore sustainable
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construction barriers in the United States and recognize the most influential obstacles. The methodology
exercised to achieve the research objectives is explained in the following section.

3. Methodology

The methodology of the study consists of two phases. In Phase 1, a comprehensive literature
review was conducted to identify sustainable construction barriers. Overall, this resulted in identifying
15 barriers. Then, based on experts’ opinion, the authors validated and consequently narrowed down
the 15 identified barriers to 12 items. In Phase 2, the barriers identified in Phase 1 were further
investigated using a convenience sample of 135 industry experts, obtaining their perspectives on the
importance of each barrier. The researchers asked the interviewed experts to determine how important
each barrier is. The research study was reviewed and approved for exemption by the Institutional
Review Board (IRB). Due to the diversity and the high number of identified barriers (i.e., 12 barriers),
further analysis was conducted using principal component analysis (PCA) to reduce the number of
variables and find the most important barriers to yield more practical results. Figure 4 shows the
methodology’s steps.
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3.1. Phase 1—Identifying and Verifying Sustainable Construction Barriers

A comprehensive literature review was conducted to identify the most-cited sustainability
development barriers in construction, reviewing relevant research studies in the construction industry
and other related industries and fields. This extensive literature review resulted in the identification of
15 barriers, which are shown in Table 3.

To verify the authenticity and applicability of the sustainable construction barriers (SCBs)
before a further investigation, 30 construction experts were asked to validate and evaluate the
comprehensiveness and applicability of the barriers based on their experiences. They were also asked
to suggest any other barriers that they thought the research team might have overlooked on the list.
The experts were invited to participate in the study via email. One follow-up reminder was sent to the
participant after initial invitation. The responses were collected over the course of six weeks in 2019.
Out of 30 invited experts, 25 participated in the study, which corresponds to an 83.33% response rate.
The participants identified themselves as experts and active in the field of construction. Three (12%)
out of 23 participants had a valid LEED certificate. Although the experts made some comments about



Sustainability 2020, 12, 5088 7 of 20

barriers, overall, due to the overlap of suggested and identified barriers, no more items were added to
the list.

Table 3. Identified barriers to sustainable construction.

# Sustainable Construction Barriers (SCBs)

1 Design constraints [54–58]
2 Financial constraints [55–62]
3 Improper contract method [54,57,58,63]
4 Inadequate proactive plans [57,58,64,65]
5 Inefficient legal framework [54,57,58]
6 Inefficient technology [55,58,59,61,63,66]
7 Insufficient commitment of upper-level management [56–58]
8 Insufficient environmental competencies [56–58,61]
9 Lack of awareness amongst stakeholders [54,56–59,63]
10 Lack of employee welfare package [60,65,67]
11 Lack of sustainable waste management [55–57,60,63,67]
12 Lack of worker’s training in sustainable operations [55,57,59,61,63,64]
13 Management [54,55,57,61,64,65,68]
14 Political impacts [56–59,61,69–71]
15 Preferences of suppliers/institutional buyers [54–56,58,63,70]

The 25 experts expressed their opinions on the applicability of each barrier and rated them by
choosing a number between “1: applicable barrier” or “0: not applicable barrier”. Equation (1) was
used to find the percentage of applicability for each barrier. The data were integrated and accordingly
analyzed using XLSTAT 2019, and the results presented in Figure 5 were achieved.

AIi = ai/n, (1)

where AI is the applicability index of barrier i; a is the number of respondents who rated SBi as an
applicable barrier; and n is the total number of participants (i.e., 25).Sustainability 2020, 12, x FOR PEER REVIEW 8 of 21 
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Based on the primary results obtained from the experts, the research team decided to disregard
the factors with a low applicability index (AI < 50%). Three factors fell below this limit, including
“improper contract method,” “inefficient legal framework,” and “lack of employee welfare package.”
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Therefore, the number of barriers reduced to 12 from the initial 15 (see Table 4). The respondents
noted that the “lack of employee welfare packages” could not be fulfilled “due to requirements by
law.” The respondents also mentioned their reasoning that an “improper contract method” could
not be a barrier because “contracts can be written with the same framework as a typical building.”
Also, “an inefficient legal framework” cannot be a barrier because “sustainability rating requirement
can be mentioned as part of the contract.”

Table 4. Final sustainable construction barriers for investigation in Phase 2.

Sustainable Construction Barriers Index

Design constraints SCB01
Financial constraints SCB02
Inadequate proactive plans SCB03
Inefficient technology SCB04
Insufficient commitment of upper-level management SCB05
Insufficient environmental competencies SCB06
Lack of awareness amongst stakeholders SCB07
Lack of sustainable waste management SCB08
Lack of worker’s training in sustainable operations SCB09
Management’s unwillingness SCB10
Political impacts SCB11
Preferences of suppliers/institutional buyers SCB12

3.2. Phase 2—Identifying the Most Important Barriers

In Phase 2 of the research, the 12 previously identified barriers were further studied. A questionnaire
was designed and developed to gain experts’ opinions on the importance of each barrier. The questionnaire
had three parts. Part 1 of the survey had questions related to demographic information on the research
participants. In part 2, each expert was asked to rate how they perceived the importance of the barriers.
Finally, part 3 consisted of an open-ended question: “How do you see the future of sustainable construction
in the US, and what makes sustainable construction move faster?”

First, to fulfill the research objectives, the researchers contacted active construction project job
sites, mainly located in the southeast region of the country, and randomly interviewed construction
professionals and experts. Over two months starting in March 2019, a total of 135 construction
professionals participated in the research study. The interviewed participants had nationwide
experiences working in 48 states (i.e., all the states of the USA except the states of Idaho and North
Dakota). The demographic information on the interviewees is presented in Tables 5 and 6.

Table 5. Demographic information for the 135 survey respondents.

Experience (Years) LEED Certification?

0–10 11–20 21–30 +30 Yes No

24.44% 27.41% 25.93% 22.22% 28.15% 71.85

Table 6. Demographic information for the 135 survey respondents, continued.

Current Job Title

Project Manager Superintendent Project Engineer Project Director Other *

51.11% 14.07% 12.59% 5.18% 17.05%

* Including Owner, President, Vice President, Project Executive, Civil Engineer, MEP Coordinator, Safety Coordinator,
and Production Manager.

Following part 1, the second part of the questionnaire was considered to capture the respondents’
opinion on the importance of 12 sustainability barriers indicators on a five-point Likert scale from
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1 (not important) to 5 (very important). Based on the collected answers, a number from 1 to 5 was
assigned to each barrier. Numbers 1, 2, 3, 4, and 5 respectively represented “Not Important,” “Slightly
Important,” “Moderately Important,” “Important,” and “Very Important.

After collecting the data, in order to identify the most critical barriers, the relative impact index
(RII) of each obstacle was calculated using the following Equation (2). The method has been used in a
wide variety of construction studies [72–76].

RIIi =

∑
Wi

(AN)
, (2)

where:

RII = the relative impact index for barrier i;∑
Wi = the sum of all ratings from all experts for barrier i;

A = the highest possible rating permissible in the adopted scale (i.e., 5 in this study);
N = the total number of respondents (i.e., 135 in this study).

The RII equation provides an easily interpretable value. The value of RII ranges between 0 and 1,
representing the lowest relative impact and highest relative impact, respectively. Table 7 shows the
results, where the identified sustainable construction barriers are rank-ordered in accordance with
their calculated RII. According to the table, “financial constraints” (RII = 0.912) and “political impacts”
(RII = 0.653) were respectively rated as having the highest and lowest impact on the development of
sustainable construction.

Table 7. Relative impact index for sustainable construction barriers.

Sustainable Construction Barriers Index RII Rank

Financial constraints SCB02 0.912 1
Insufficient commitment of upper-level management SCB05 0.794 2
Management’s unwillingness SCB10 0.788 3
Design constraints SCB01 0.754 4 *
Inadequate proactive plans SCB03 0.754 4 *

Lack of awareness amongst stakeholders SCB07 0.733 6
Insufficient environmental competencies SCB06 0.720 7
Lack of sustainable waste management SCB08 0.710 8
Inefficient technology SCB04 0.704 9
Lack of worker’s training in sustainable operations SCB09 0.701 10
Preferences of suppliers/institutional buyers SCB12 0.670 11
Political impacts SCB11 0.653 12

* There was a tie between SCB01 and SCB03

3.3. Principal Component Analysis

Although identification of the sustainable construction barriers in the US revealed insightful
results, the plurality of identified barriers is a major challenge to adopt feasible approaches to address
the barriers. To offer a practical solution for construction professionals to cultivate the implementation
of sustainable construction practices, principal component analysis (PCA) was used to reduce the
size of the data and effective barriers. PCA is a popular method in scientific research to reduce the
number of variables to a smaller amount and find the principal components that represent the essence
of the original data. To do this, PCA identifies the variables that are similar and can be grouped to
form a new variable. PCA is, particularly, an effective method to study variables that are difficult to
measure with precision. One of the main advantages of applying the PCA is reducing the number of
variables to just a few, which facilitates finding a parsimonious solution explaining the relationships
between the variables. The identified principal components will be the main variables after the PCA
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method is implemented for a set of data. For every n variables, there will be n components. However,
not all the components will be important or meaningful enough to keep. This means that, out of
all the possible components, only those that can explain the variance in the data will be chosen as
principal components. This is the mechanism of reducing the variables in PCA. This method has been
extensively used in similar studies, where multiple variables are involved and reducing the variables
would make it easier to study the important variables more effectively. Examples of the application of
the PCA method can be found in numerous construction studies [32,77–79].

The data were analyzed using SPSS 2019 software. The Kaiser–Meyer–Olkin (KMO) test was
performed on the data to measure sampling adequacy. The KMO test identifies whether the data
is appropriate for PCA. Typically, a KMO sampling adequacy of more than 0.6 is acceptable [80,81].
The collected data received a 0.706 adequacy, indicating that the set of data is appropriate for PCA.
For each component, the eigenvalue was calculated to determine how much variation in the data is
explained by each component. The results of data analysis are provided in the next section.

4. Results and Discussion

To find the critical barriers to foster the development of sustainable construction, 135 construction
experts were approached and interviewed in this study. The data pertaining to the respondents’
opinions were then integrated and analyzed. Table 8 shows the descriptive information for the results.

Table 8. Descriptive statistics of the received data.

Sustainable Construction Barriers N Minimum Maximum Mean Std. Deviation RII Rank

SCB01 135 1 5 3.77 1.085 0.754 4 *
SCB02 135 1 5 4.56 0.687 0.913 1
SCB03 135 1 5 3.77 0.992 0.754 4 *
SCB04 135 1 5 3.52 1.280 0.704 9
SCB05 135 1 5 3.97 1.051 0.794 2
SCB06 135 1 5 3.60 1.059 0.720 7

SCB07 135 1 5 3.67 1.153 0.733 6
SCB08 135 1 5 3.55 1.104 0.710 8
SCB09 135 1 5 3.50 1.196 0.701 10
SCB10 135 1 5 3.94 0.912 0.788 3
SCB11 135 1 5 3.27 1.367 0.653 12
SCB12 135 1 5 3.35 1.254 0.670 11

* There was a tie between SCB01 and SCB03.

Based on the experts’ opinion, SCB2 or “financial constraint” has been identified as one of the
most important sustainable construction barriers. On the other hand, SCB11 or “political impacts”
received the lowest mean score among all the barriers.

4.1. Principal Component Analysis

In this study, the respondents were asked to rate the impact of each of 12 sustainable construction
barriers on a scale of one to five. The SPSS 2019 software tool was used to apply the PCA method.
As was mentioned before, PCA is a common method in scientific research to reduce the number of
variables to a smaller amount, i.e., the principal components that represent the essence of the original
data. To do this, PCA identifies variables that are similar and can be grouped to form a new variable.
The goal is to extract the components that explain most of the variation in the data. For the dataset
with 135 observations (i.e., the number of the participants) for 12 variables (i.e., identified construction
barriers), PCA provides an approximation of the original dataset using a lower number of variables
(less than 12 variables), formulated based on a linear combination of the original variables. Several
sets of PCA directions or PCA modes can be calculated. In order to choose the principal components,
three tests can be used, including the eigenvalue test, the scree plot test, and the proportion of the
variances explained by the components test [82].
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(1) Eigenvalue Test

In the eigenvalue test, for each PCA mode, an associated eigenvalue is calculated, which represents
the variance in the original dataset explained by that specific mode. In order to determine the principal
components, the eigenvalue of each component was calculated, as shown in Table 9. In the eigenvalue
method, components that have an eigenvalue of greater than one will be selected, and those with
an eigenvalue of less than one will be disregarded [83,84]. Using this rule will result in choosing
components 1, 2, 3, and 4 and disregarding components 5, 6, 7, 8, 9, 10, 11, and 12.

Table 9. The eigenvalue of each component and the proportion of the corresponding variance in the data.

Component Eigenvalue Variance (%) Cumulative Variance (%)

1 2.976 24.804 24.804
2 1.523 12.691 37.495
3 1.354 11.282 48.777
4 1.005 8.375 57.152
5 0.910 7.581 64.733
6 0.879 7.323 72.056
7 0.717 5.973 78.030
8 0.640 5.336 83.365
9 0.620 5.169 88.534
10 0.516 4.296 92.830
11 0.441 3.672 96.503
12 0.420 3.497 100.000

(2) Scree Plot Test

The components can also be chosen by using the scree plot (Figure 6). A scree plot is a common
diagram that plots the eigenvalues from the greatest to the smallest.
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Figure 6. Scree plot of the principal components.

It is common to disregard components that appear after the elbow shape [85,86]. As seen in Figure 6,
components 5 to 12 can be disregarded.

(3) Proportion of the Variance Explained by the Components Test

Using the variance method, those components that explain most of the variance in the data are
selected. Usually, a proportion of the cumulative variance components greater than 70% is acceptable [87].
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In this study, the cut-off value of 70% resulted in components 1 to 6 being chosen and components 7 to 12
being disregarded.

Therefore, the eigenvalue test resulted in proposing components 1 to 4, the scree plot test resulted
in proposing components 1 to 4, and the proportion of the variances explained by the components’ test
resulted in proposing components 1 to 6 as the potential principal components. Therefore, the research
team decided to choose components 1, 2, 3, and 4, as it was the result of two tests out of three, and to
disregard components 5 to 12. The selected components 1 to 4 account for approximately 60% of the
total variance in the data.

In the next step, to achieve a better understanding of the four components and how they are
related to the 12 sustainable construction barriers, a rotated component matrix was used with the
varimax rotation method (see Table 10). The rotated component matrix, as the result of principal
components analysis, shows the correlations between each of the variables for the components in a
more straightforward way than a regular factor matrix. The rotated component matrix also provides the
factor loading of each variable (i.e., sustainable construction barrier) in the component. In other words,
the rotated component matrix makes it easier to understand what each principal component represents.
To obtain a better understanding of the correlations, a factor loading cut-off of 0.55 was employed
(i.e., factor loadings ≥ |0.55|). The choice of cut-off varies depending on the ease of interpretation and
determines how many variables are included in the PCA mode [88]. The cut-off criterion is also aligned
with the factor loading cut-off used in several research studies [89,90].

Table 10. Rotated component matrix a

Barrier Index
Component

1 2 3 4

SCB01 0.704
SCB12 0.670

SCB09 0.576
SCB05 0.747
SCB08 0.720
SCB11 0.849
SCB02 0.742
SCB03 0.709

a Rotation converged in seven iterations. Extraction Method: principal component analysis. Rotation Method:
varimax with Kaiser normalization.

The rotated component matrix shows the Pearson correlation of a variable with the components.
The greater the loading factor of the variable, the more strongly it correlates with the component.
By taking a closer look at component 1, it can be observed that SCB1, SCB12, and SCB09 have a strong
correlation with component 1. Component 2 has a strong correlation with SCB5 and SCB08. Similarly,
component 3 has a strong correlation with SCB11. Finally, component 4 has a strong correlation with
SCB02 and SCB03. Although not required, researchers usually provide names for the components.
In order to find a proper name for each component, it is recommended to study the variables that each
component has a strong correlation with. Table 11 shows each component and the corresponding
variables accompanied by the suggested name for each component. In the process of naming each
component, the research team tried to incorporate the ideas in all the components’ correlated variables.

In addition to rating the variables, the respondents provided insightful comments regarding
major barriers to fostering implementation of sustainable construction. Using the content analysis, the
outstanding comments and corresponding components are explored and presented in Table 12.

One of the most repeated comments was about the upfront cost of sustainable construction. One
participant mentioned that “Owners are sometimes not willing to make the extra upfront investment
for the sustainable alternative. The owner often prefers upfront savings (instant gratification) as
opposed to long term savings. This can be attributed to the lack of education and awareness on the
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owner’s part.” Another respondent pointed out that “It is not cost-effective. By the time you start
seeing the benefit of the building “green,” the life of the building is about 75 percent passed.”

Table 11. List of components, corresponding variables, and suggested names.

Component Corresponding Variables with Strong Correlations Suggested Names for Components

Component 1

• Design constraints

Pre-construction constraints• Preferences of suppliers/institutional buyers

• Lack of workers’ training in sustainable operations

Component 2
• Insufficient commitment of upper-level management

Managerial constraints
• Lack of sustainable waste management

Component 3 • Political impacts Legislative constraints

Component 4
• Financial constraints

Financial and planning constraints
• Inadequate proactive plans

Table 12. Comments and the extracted barriers.

Comment(s) Barrier

• “Paperwork involved. Lack of education of the entire industry, especially on items
that are counted towards awarding of points to gain certification.”

• “The biggest barrier faced is people do not like to change their ways”, “I believe that
there are a lot of older people in construction that have resistance to change and I see
it often costs too much to implement and teach everyone who works for you.”

Pre-construction constraints

• “Management, Scheduling, and communication are some of the biggest barriers that
are faced in sustainable building.”

• “We live in a world with so many older buildings that I do see a limitation on the
adaptability of these buildings and how to incorporate sustainable systems without
creating more waste. This would come down to cost and how much a company wants
to spend to retrofit rather than demolish and rebuild. This is where I see some major
sustainable constraints.”

• “The biggest barrier seems to be that the Client sees little to no reward for
implementing sustainable building practices. If there were proven methods of
sustainable building practices that showed quicker returns on investment, the clients
would be more likely to use sustainable building practices.”

• “The technology is there. We just build what the owner wants us to build. If they
don’t design a green building, we don’t build a green building.”

Managerial constraints

• “Culture change resistance, lack of government commitment, fear of higher
investment cost, lack of professional knowledge, and lack of legislation respectively.”

• “Lack of collaboration between different groups of professional and construction
companies, lack of articulate demand, or inappropriate regulations.”

• “You also have a lot of struggles coordinating a LEED-certified building in particular
because there is a lot of paperwork involved as well as extra work to check.
For example, all unused materials have to be recycled properly to get LEED points.”

Legislative constraints

• “Cost, maintenance of sustainable systems, limited trade knowledge of sustainable
building practices.”

• “Certification fees are expensive. The cost of our industry has been rising. Therefore,
budgets are tighter. Also, LEED doesn’t have a good program for multi-family.”

• “Cost and Timeline.”
• “These projects typically take longer.”
• “Money is the barrier.”

Financial and planning constraints

4.2. Complementary Inquiry

The questionnaire survey also included an open-ended question: “How do you see the future
of sustainable construction in the US, and what makes sustainable construction move faster?” Most
participants were optimistic, providing positive answers indicating that sustainable construction has a
promising future and will continue to expand in the future. Among the responses, some experts provided
valuable feedback, which can be perceived as suggested solutions to tackle the identified sustainability
barriers in this study. Table 13 shows the suggested solutions and the corresponding barrier.
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Table 13. Extracted proposed solutions to foster sustainable construction.

Barrier Comment(s) Proposed Solution

Pre-construction constraints

• “Finding a way to get qualified worker into the
construction industry [will improve the
sustainable construction practices]”

• “I think that more sustainable projects will be
considered in the future due to increased
knowledge in the field of sustainability”, “In the
future sustainable construction could be a more
common practice in the US. In order for this to
be the case, though, people need to become
more educated on the process, and there need to
be options that do not cost much more than
traditional methods.”

Training workers and qualified
employee acquisition

Managerial constraints

• “Climate change and reduces resources may
also encourage sustainable building.” Climate change prevention advocacy

• “Sustainable construction has a good future if
only people are more aware of the topic.
The younger generations are keener to get
involved in sustainability if it is made more
approachable.”

• “I see the future as a lot greener, at least that is
my hopes. Currently, branding and social media
presence have driven companies to be a lot
more obvious about their sustainable practices.”

Social awareness

• “I hope there will be tax reduction to developers
of sustainable construction projects to
encourage and take it to the next level.”,
“Has worked our various LEED projects. Thinks
that LEED is more geared towards the public
contracts where governments offer incentives
for owners but don’t feel the local supply chains
support the efforts.”

Incentives such as tax reduction

• “If CM’s, Owners, and Architects could
somehow come around to not only the benefits
but the NEED, to build things sustainably,
I think it has a bright future. Right now, it feels
more like bragging rights.”

• “Like Safety, it needs to be a culture change.”

Change of culture and attitude

Legislative constraints

• “New laws and codes are requiring more
project to incorporate sustainable practices.”,
“In my opinion, the only way that we will see
total green construction in the United States
would be if the expenses were brought down,
and if government regulation mandates it.”

• “Sustainability can only advance as far as
politics will allow. The undermining of
environmental agencies and the impacts of
lobbying groups keep the US in a “see-saw”
movement of attempting to advance and
achieve sustainability.”

Supportive and stable administration,
rules and regulations

Financial and planning constraints

• “I believe it will continue to grow, but until the
prices become comparable, there will always be
people building the old way.”

Competitive price

• “Sustainable construction will become more
prevalent and attractive as time moves forward,
particularly as costs continue to drop due to
advances in technology and methodology.”

Advanced technology

Despite the positive comments, some respondents were not optimistic about the future of
sustainable construction. One expert asserted that “speaking as someone who has been in the
construction industry for many years [27 years of experience], the movement needs to be driven
harder. In my career, I have not seen a big enough push to impact future development [with respect to
sustainability]”. Another site manager with 32 years of experience working in eight states mentioned
that “It won’t be in industrial but will be more prevalent in hotels, motels, convention centers, and other
places with a public appeal where people are working and/or residing.” A construction professional
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who had a LEED certification and 22 years of accumulated experience commented that “On the
infrastructure side, I have not seen many calls for sustainable construction.” A few respondents
were not sure about the future of sustainable construction. A project manager working in North
Carolina explained that the future is tied to unknown variables and mentioned that “I see the future of
sustainability in the US as an unknown. Sustainable practices have always been a reaction to high fuel
costs. Until it is cost-effective for us sustainable product and energy, it will not be the norm.”

However, as mentioned earlier, overall, the respondents promised a bright future for sustainable
construction in the US and also in the world. In fact, some participants predicted that sustainable
construction would keep improving, and that, eventually, people will no longer show interest in
pursuing a sustainable rating system badge because it will become part of standard construction
practice. A 49-year-old expert with 24 years of design experience declared that “I believe that what
we now view as the sustainable design will become part of good design. [ . . . ] These people will
continue to do the basic green design and construction steps as best practice but will no longer pay or
go through the process for certification because the cost and time are too burdensome. Then there will
be a minority who believe in and promote pushing this as far as they can and will continue with green
certification.”

5. Study Limitations

Although the research was satisfactorily conducted, certain limitations need to be considered.
These limitations are discussed in the following and are expected to be addressed in future research.
First, the research team tried to incorporate the most major barriers. However, the identified sustainable
construction barriers provided in Table 3 might lack some barriers. In addition, the identified barriers are
time- and region-specific and apply to the current needs of the industry in the US. In other words, as the
construction industry evolves with respect to sustainability, some of the identified barriers might not
be applicable to the future needs of the evolved industry. Second, the four selected components satisfy
the eigenvalue greater than one and the scree plot test but not the proportion of the variances explained
by the components test. In other words, the presented model of principal components includes eight
barriers and does not include four obstacles (i.e., ‘Inefficient technology,’ ‘Insufficient environmental
competencies,’ ‘Lack of awareness amongst stakeholders,’ and ‘Management’s unwillingness’).

6. Conclusions

The rush to meet the massive need to build more facilities has intensified the inherited adverse
impacts of the construction industry. Therefore, green building initiatives have developed to fulfill
sustainability needs. Despite great previous efforts, the current practice of sustainability in the
construction industry is far from reaching the targeted green goals to achieve sustainable construction
fully. In order to foster these endeavors, this study aimed to explore sustainable construction barriers
in the United States. The research study was conducted in two phases. In phase one, starting with
a literature review, 15 barriers were initially identified, as shown in Table 3. The subjectivity of
“sustainability” was a challenge in the process of extracting the barriers from the literature review.
What might be considered an important sustainability barrier based on one study might not be the
same in other research that is taking place in different regions or circumstances. After conducting an
extensive literature review, 25 construction experts were approached to express their opinions on the
applicability of each barrier and rate them by choosing a number between “1: applicable barrier” and
“0: not applicable barrier”. This inquiry resulted in the reduction of the barriers to 12 for further study,
as shown in Table 4.

In phase 2, a questionnaire survey was designed, approved by IRB, and accordingly distributed
among 135 industry experts across the US. Construction experts’ opinions were solicited on the
importance of each 12 sustainable construction barriers on a scale of one to five. In order to identify
the most critical barriers, the relative impact index (RII) of each obstacle was calculated. “Financial
constraints” was ranked as the most important barrier. Despite the benefit of ranking identified
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barriers, the plurality of them is a major challenge to adopt feasible approaches to tackle the barriers. To
offer a practical solution for construction professionals to cultivate the implementation of sustainable
construction practices, principal component analysis (PCA) with varimax rotation was used to analyze
the data and reduce the number of barriers to a few key components that represent the essence
of the data. Initially, four principal components were identified that represent approximately 60%
of the variance in the data. The four selected components, namely, “pre-construction constraints,”
“managerial constraints,” “legislative constraints,” and “financial and planning constraints,” satisfy
the eigenvalue greater than one and scree plot tests.

In addition to the identification of the sustainability barriers, the respondents provided some
suggestions as solutions to further improvement of sustainable construction practices, as shown in
Table 13. “Training workers and qualified employee acquisition” was offered to tackle pre-construction
constraints. To mitigate managerial constraints, “change of culture and attitude,” “incentives such as
tax reduction,” “climate change prevention advocacy,” and “social awareness” were suggested by the
interviewed construction experts. A “supportive and stable administration” can considerably help to
address legislative constraints and barriers, according to the research participants. Last but not least,
“competitive price” and “advanced technology” can facilitate fostering sustainable construction and
overcoming financial and planning constraints.

In spite of the research limitations, the findings of this study are expected to help not only the
construction industry but also architecture, engineering and construction (AEC) industry members
along with owners and policymakers in the US to focus on the most important barriers to sustainable
construction, applying the proposed solutions to foster the development of sustainability in construction.
In addition, the results of this study can be used in other countries with the needed culturally and
regionally related modifications.
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