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The Role of Educating the Future
Construction Workforce in Sustainable
Practices for Effective Disaster Recovery

Abstract

The construction industry is crucial for driving economic growth, advancing social development,
and protecting the environment of communities globally. As such, it plays a key role in
sustainable development. However, the environmental footprint of the built environment is
significant, accounting for 40 percent of global energy consumption and 33 percent of
greenhouse gas (GHG) emissions. Natural disasters further exacerbate this impact by causing
widespread destruction, resulting in material waste, increased resource consumption, and
emissions during reconstruction. Therefore, achieving environmental improvement and
promoting sustainable construction practices, including circular construction and life-cycle
assessments (LCAs), is critical for reducing the industry’s environmental footprint and fostering
a more responsible built environment. To achieve sustainability goals in the construction
industry, it is essential to equip the future construction workforce with knowledge and skills
related to sustainable construction practices. The goals of this study are to (1) understand the
impact of natural disasters on communities, including damages and recovery efforts, and explore
the potential for implementing sustainable practices, such as circular construction, in post-
disaster recovery by interviewing 109 stakeholders in disaster-prone communities; and (2)
investigate the knowledge gap among civil engineering (CE) and construction management
(CM) students regarding sustainable construction practices, as well as the significance of
integrating sustainable topics into CE and CM curricula through 121 student surveys. The results
of this study underscore the benefits of incorporating sustainability in post-disaster recovery.
Furthermore, they highlight the knowledge gap among CE and CM students regarding
sustainable practices, including circular construction, as well as the benefits of equipping the
future construction workforce with such knowledge and skills to enhance both professional
success and tackle environmental challenges. The findings of this study contribute to the field of
sustainable construction by advocating for curriculum revisions that integrate sustainable
practices. By preparing the future construction workforce to adopt sustainable practices and
focusing on their implementation in post-disaster recovery, this study addresses key sustainable
development goals (SDGs) and supports efforts to create a more responsible built environment.
Furthermore, these efforts benefit communities and stakeholders by fostering sustainable
reconstruction that not only reduces environmental impact but also has the potential to reduce the
cost of reconstruction.

Keywords: Built Environment, Circular Construction, Construction Industry, Education, Life-
Cycle Assessment, Natural Disasters, Resilience, Sustainability, Sustainable Development Goals
(SDGs)

Background and Motivation
The construction industry is essential for fostering social and economic growth while

safeguarding the environment, making it a critical contributor to sustainable development [1],
[2]. However, infrastructure requires vast amounts of resources and energy throughout its life



cycle. Additionally, it generates waste, consumes significant amounts of water, occupies land,
and is ultimately demolished, further exacerbating waste production [3]. As a result, the
construction industry has a substantial environmental footprint, accounting for 40% of global
energy consumption, 30% of raw material use, 25% of solid waste generation, and 33% of
greenhouse gas (GHG) emissions [2], [4], [5], [6], [7], [8], [9], [10].

Natural disasters further amplify these impacts and challenges. These destructive events cause
widespread infrastructure damage, loss of life, and socioeconomic disruption, posing barriers to
achieving sustainable development [11], [12], [13], [14], [15], [16]. Furthermore, they result in
vast amounts of construction and demolition waste, along with increased resource consumption
and emissions during reconstruction [17], [18], [19]. Consequently, the construction industry
faces significant environmental concerns and immense pressure to minimize resource depletion
and socio-environmental impacts while enhancing resilience to disasters, thereby reducing
vulnerability and fostering long-term sustainability [7], [11], [12], [14], [20], [21], [22], [23].

The construction sector is deeply committed to pursuing a sustainable path by reducing
emissions, material use, and energy consumption [1], [21], [24], [25]. Key strategies for
achieving these goals include implementing sustainable practices such as (1) life-cycle
assessments (LCAs), which evaluate and quantify the environmental impact of buildings
throughout their entire life cycle; and (2) circular construction, which involves reducing the use
of natural resources, reusing and recycling materials, recovering materials, and adopting
effective waste management systems. These practices are essential for minimizing the industry’s
environmental impact and fostering a more responsible built environment [1], [2], [4], [6], [7],
[201], [26], [27], [28], [29], [30].

Advancing sustainability efforts and achieving sustainable development goals (SDGs) in the
construction industry necessitates significant changes in current industry practices [26].
Achieving these goals requires all stakeholders to understand the environmental impact of
construction and become familiar with sustainable practices. For this reason, it is essential to
equip the future construction workforce with knowledge and skills related to sustainable
construction practices, as they will be key contributors to this transition. Educating civil
engineering (CE) and construction management (CM) students in sustainable practices, including
circular construction, sustainable materials, LCAs, sustainable technologies, and strategies to
overcome barriers to sustainable construction, while incentivizing this critical shift, is
paramount.

This study aims to (1) examine the effects of natural disasters on communities, focusing on
damage and recovery processes, and assess the feasibility of incorporating sustainable practices,
such as circular construction into post-disaster recovery efforts through interviews with over 100
stakeholders from disaster-prone areas; and (2) identify gaps in knowledge among CE and CM
students concerning sustainable construction practices while assessing the importance of
integrating sustainability-related topics into CE and CM curricula through student surveys.



Methodology

This study is guided by three research questions: (1) What are the impacts of natural disasters on
communities, particularly in terms of damage and recovery processes? (2) How can sustainable
practices, such as circular construction, enhance post-disaster recovery efforts, and what
challenges must be addressed for their adoption? And (3) What knowledge gaps exist among CE
and CM students regarding sustainable construction practices, and how do they perceive the
importance of acquiring such knowledge?

To address these questions, this study (1) collected interview data from 109 stakeholders in
disaster-prone areas to examine the impacts of natural disasters on communities and evaluate the
potential and feasibility of adopting sustainable practices in post-disaster recovery; and (2)
surveyed 121 CM and CE students to identify knowledge gaps related to sustainable construction
practices and assess their perceptions of their importance. Purposive sampling was employed,
using a judgmental approach to select participants deemed most relevant to the research
objectives. The study employed a mixed-methods sequential explanatory approach to gather and
analyze both quantitative and qualitative data.

Semi-Structured Interviews

The authors developed a semi-structured interview with open-ended questions to explore the
impacts of natural disasters, recovery processes, the importance of sustainable practices like
circular construction, and the challenges faced by stakeholders in implementing these practices.
Participants included project managers, contractors, consulting engineers, forensic engineers,
city code inspectors, sustainability professionals, insurance agents, lawyers, and homeowners.
The interview data were analyzed using a qualitative content analysis approach. All interviews
were transcribed into Word documents to ensure accurate documentation of participants’
responses, providing a detailed record of the conversations. These transcriptions were carefully
reviewed to identify key themes and insights. A structured table was developed to systematically
categorize and organize the data under three main headers: (1) impact of disasters on
infrastructure and communities; (2) challenges in recovery efforts; and (3) sustainable practices
and barriers to adoption. Finally, the findings were synthesized to provide a comprehensive
summary of the key insights shared by the participants.

Surveys

The study developed and administered a survey on the online platform Qualtrics. A mixed-
methods sequential explanatory design was utilized to collect and analyze both quantitative and
qualitative data. The survey included a demographic section and four questions. The first
question, a yes/no format, examined students’ awareness and familiarity with circular
construction and sustainable practices. The second question invited students to mention a
practice they believed could support the transition to sustainable construction in an open-ended
format. The third question, a Likert scale question (1=not at all important to 5=very important),
assessed students’ perceptions regarding the importance of incorporating circular construction
and sustainability topics into CM and CE curricula. Finally, the fourth question, also a Likert
scale question (1=not at all important to 5=very important), aimed to identify effective teaching



methods for educating students on these paramount topics. Figure 1 presents the research
overview.
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Figure 1. Research overview

Results and Discussion

This section presents the results associated with the responses of 109 stakeholders and 121 CE
and CM students. The recorded data included a diverse group of students and stakeholders, as
presented in Figure 2. Among stakeholders, the sample included (a) 25 females and 74 males, as
well as a diverse group of professionals, including 29 consulting engineers, 24 contractors, 12
forensic engineers, 8 project managers, 4 sustainability professionals, 4 insurance agents, 4
lawyers, 3 city code inspectors, and 21 homeowners. Among students, the data included 19 civil
engineering (CE) students and 102 construction management (CM) students, with 28 females, 77
males, 2 non-binary/gender fluid individuals, 1 individual who identified themself as other, and
13 students who preferred not to answer.
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Figure 2. Sociodemographic background (n=230)

Semi-Structured Interviews

Insights from the interviews, which involved diverse stakeholders including project managers,
contractors, consulting engineers, forensic engineers, city code inspectors, sustainability
professionals, insurance agents, lawyers, and homeowners, reveal the following:

e Impact of disasters on infrastructure and communities
Natural disasters often lead to widespread destruction of homes and critical infrastructure,
severely disrupting daily life. Interviewees frequently mentioned damages such as roof
collapses, structural failures, and severe flooding. These destructive events place
significant financial strain on affected communities due to high repair costs, loss of
livelihoods, and prolonged delays in receiving insurance payouts or financial aid.
Additionally, communities face displacement, limited access to essential services like
food, electricity, and water (FEW), and the exacerbation of mental health challenges,
including stress and trauma.

e Challenges in recovery efforts
Recovery efforts encounter several obstacles that hinder efficient and quick rebuilding.
These include: (1) delays in government aid and insurance payouts, which can take
several years, leading to prolonged recovery timelines; (2) material shortages and
increased demand for construction materials, which drive up costs and slow
reconstruction; (3) a shortage of skilled workers to execute reconstruction projects; and
(4) vulnerabilities in poorly designed or inadequately maintained infrastructure, which
exacerbate damages during disasters.

e Sustainable practices and barriers to adoption
The interviews emphasized the transformative potential of sustainable practices, such as
circular construction and deconstruction, with offer benefits such as material reuse, waste
reduction, and lower reconstruction costs. Participants provided examples of effective



practices like recycling materials, implementing green infrastructure, and utilizing
energy-efficient designs. However, significant barriers to adoption remain, including high
initial costs, limited skilled labor, and a lack of cultural acceptance or policy frameworks
to support circular construction practices. Additionally, concerns about contamination in
reused materials and the safety of recycled components pose challenges that must be
addressed to foster trust and wider implementation. Education about sustainable practices
and their benefits for communities and construction professionals plays a pivotal role in
overcoming these challenges and driving a broader adoption of circular construction.

Surveys

The first question assessed students’ awareness and familiarity with circular construction and
sustainable practices. The findings, presented in Figure 3, reveal significant awareness among
students regarding the environmental impact of the construction industry, with 95% (115
individuals) acknowledging this impact. Additionally, 79% of students (95 individuals) are
aware of the challenges and costs involved in transitioning to sustainable construction and 86%
consider environmental improvement a critical goal for the construction industry.

However, despite this importance, the results also highlight critical gaps in knowledge and
education, with 24% of students (29 individuals) unable to precisely describe sustainable
construction and 71% (86 individuals) unable to precisely describe circular construction.
Furthermore, 61% of students (74 individuals) reported that their academic institutions did not
include education on circular construction, suggesting a need for enhanced curricula to bridge
this gap.
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Figure 3. Awareness and familiarity with circular construction and sustainable practices

The second question prompted students to mention a practice they believed could facilitate the
transition to sustainable construction. Students mentioned several practices including: (1)
recycling and reusing materials as well as adopting green materials and construction techniques;
(2) minimizing construction waste and implementing effective waste management strategies; (3)
reducing carbon emissions from cement production; (4) employing LCAs to evaluate and
mitigate the environmental impact of buildings across their lifespan; (5) repurposing unused or
unfinished structures; (6) limiting reliance on diesel-powered equipment, promoting the use of
electric vehicles and machinery, and integrating renewable energy sources like solar and wind



power; and (7) incorporating design strategies for disassembly. Notably, 60% of students (72
individuals) indicated that they were unfamiliar with any practices related to sustainable
construction.

The following question assessed students’ perceptions of the significance of integrating circular
construction and sustainability topics into CM and CE curricula. According to the results of the
study, shown in Figure 4, 48 students rated this as very important, 24 as fairly important, and 36
as important, indicating strong support for the inclusion of these topics. A smaller portion of
students expressed lower levels of importance, with 9 rating it as slightly important and 4 as not
at all important. This distribution highlights a generally positive attitude among students toward
integrating sustainability and circular construction into academic programs, with the majority
acknowledging its significance.
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Figure 4. Importance of integrating circular construction and sustainability topics into CM and
CE curricula

The last question sought to identify effective teaching methods for educating CE and CM
students on sustainability topics, including circular construction. The results are presented in
Figure 5 using box plots, where the box spans from the first quartile (Q1) to the third quartile
(Q3). The median is represented by a horizontal line, the mean is indicated by an “x”, and the
whiskers depict the minimum and maximum values. According to the study results, the most
effective teaching methods for educating students are: (1) hands-on experience, reflecting a mean
of 4.50; (2) on-the-job training, with a mean of 4.45; and (3) problem-based learning, yielding a
mean of 4.23. These integrative teaching methods provide practical, real-world learning
opportunities that enhance students’ understanding and application of concepts, fostering critical
thinking skills and preparing them for industry challenges.
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Figure 5. Effective teaching methods for educating CE and CM students on sustainability topics

Limitations and Future Work

This study acknowledges several limitations, including: (1) the potential influence of self-
assessment and bias in the interviews and survey responses; (2) the interviews being conducted
exclusively in the U.S., which limits the generalizability of the findings to other countries; and
(3) the survey being conducted solely at Florida International University (FIU), a minority-
serving institution (MSI) in the U.S., potentially narrowing the scope of the results. Future
research could address these limitations by conducting studies across diverse countries and
institutions to broaden the understanding of the challenges posed by disasters, the role of
sustainable practices in disaster recovery, and the obstacles to implementing sustainability, as
well as strategies to overcome these challenges. Such efforts would contribute to a more
comprehensive and global perspective on sustainable disaster recovery practices and their
effectiveness.

Furthermore, while demographic data were collected, the study did not perform a statistical
analysis to determine how demographic factors may have influenced interview and survey
responses. For instance, the predominance of CM students over CE students in the sample may
have shaped responses related to sustainability knowledge and perceived barriers. Similarly,
stakeholders’ professional backgrounds could have influenced perspectives on the feasibility of
adopting sustainable practices in disaster recovery. Future research should examine these
relationships in greater depth and assess their impact on the findings.

Conclusion

This study highlights the significant environmental impact of the construction industry, which is
further intensified by natural disasters. These destructive events not only cause widespread
infrastructure damage but also generate significant construction and demolition waste, increase
resource consumption, and heighten emissions during reconstruction. The findings from the



interviews with diverse stakeholders underscore the importance of adopting sustainable
practices, such as circular construction, in disaster recovery efforts. These practices demonstrate
potential benefits, including material reuse, waste reduction, and cost savings. However,
significant barriers, including high initial costs, limited skilled labor, and a lack of cultural
acceptance or policy frameworks to support these practices, hinder their implementation.
Furthermore, the findings emphasize the critical role of education in addressing these challenges,
with targeted efforts needed to equip the future construction workforce with knowledge and
skills in sustainable practices.

The student surveys reveal substantial awareness of the environmental impact of the construction
industry yet highlight critical knowledge gaps. A significant proportion of students are
unfamiliar with circular construction and sustainable practices, and many indicated that their
academic institutions did not educate them on these topics. Despite these gaps, the overwhelming
majority support integrating sustainability-related topics into CE and CM curricula. Equipping
CE and CM students with such knowledge and skills can enhance professional success and tackle
environmental challenges. Effective teaching methods, such as hands-on experience, on-the-job
training, and problem-based learning, are identified as key strategies for imparting these essential
skills.

By addressing the identified knowledge gaps and barriers to sustainable practices, as well as
emphasizing the need for curriculum revisions that integrate them, this study contributes to
advancing sustainability in the construction sector. Incorporating sustainability topics into
academic curricula and enhancing professional training can foster a more environmentally
responsible construction industry, benefiting communities and stakeholders by reducing
environmental impacts and promoting cost-effective recovery efforts. These efforts align with
SDGs and pave the way for a more sustainable built environment.
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