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ABSTRACT

Sustainable housing projects face unique risks that require specialized management strategies. This research
explores strategies for identifying and mitigating risks associated with sustainable housing projects and presents a
comprehensive risk management framework tailored to the distinctive challenges of sustainable construction. The
risk management framework begins with a detailed process of risk identification, categorizing risks into
environmental, economic, social, technological, and regulatory/legal domains. Mitigation strategies are developed
for each risk category. For environmental risks, strategies include sustainable sourcing, climate resilience design,
and waste reduction programs. Economic risks are mitigated through cost management, thorough market analysis,
and diversified funding. Social risks are addressed through community engagement, training programs, and strict
health and safety protocols. Technological risks are managed through pilot projects, quality assurance measures, and
expert system integration. Regulatory and legal risks are mitigated by regular compliance monitoring, legal advice,
and obtaining sustainability certifications. Continuous risk monitoring and review are essential components of the
framework. Regular audits, key performance indicators (KPIs), and feedback loops ensure ongoing assessment and
adaptation of risk management strategies. Effective communication and reporting, both internally and externally,
maintain transparency and stakeholder engagement. The framework also emphasizes the importance of governance
and responsibility, with a dedicated risk management team and strong leadership commitment to prioritizing risk
management in sustainable construction. By implementing this comprehensive risk management framework,
stakeholders in sustainable housing projects can proactively address risks, enhance project success, and contribute
to the broader goals of environmental sustainability and social responsibility.
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INTRODUCTION
The importance of sustainable housing projects in halting climate change, lessening environmental damage, and
advancing social and economic well-being is becoming widely acknowledged [17. By constructing homes that are
socially inclusive, ecologically benign, and energy efficient, these initiatives hope to ensure that housing
developments satisfy the demands of both the current and future generations [27]. To guarantee project success and
durability, however, the incorporation of sustainable principles into housing development presents a distinct set of
risks and problems that need to be properly addressed [3-57. In contrast to conventional building techniques, novel
materials, technologies, and procedures are used in the creation of sustainable housing [4]. Although there are many
advantages to these developments, there are also new concerns in terms of how they may affect the environment,
the economy, society, technology dependability, and regulatory compliance [57]. Therefore, it is crucial to use effective
risk management in sustainable building to spot possible risks, lessen negative impacts, and seize chances for
innovation and development [67]. The methods for locating and reducing the risks connected to sustainable housing
developments are examined in this essay [7]. It starts by looking at the particular risks that come with sustainable
building and classifying them according to their impact on the environment, economy, society, technology, and law
and regulations [87]. The report lists possible risk factors for each category along with how they could affect project
results [47]. Based on this research, the study creates a thorough risk management system specifically designed to
address the special difficulties associated with sustainable building [67]. A methodical approach to risk identification,
evaluation, mitigation, monitoring, and review is outlined in this framework [5-107. It highlights how crucial strong
governance, efficient communication, and ongoing learning and adaptation are to proactive and responsive risk
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management [ 87]. The framework offers useful tools and tactics to help stakeholders in sustainable housing projects,
developers, contractors, legislators, and community members, manage the challenges of sustainable building [37.
Stakeholders may contribute to the larger objectives of sustainability and environmental stewardship, guarantee
regulatory compliance, strengthen project resilience, and cultivate community support by putting this framework
into practice [67]. This study emphasizes the urgent need for specific risk management techniques in environmentally
friendly housing developments and offers a thorough framework to meet these demands. The suggested risk
management strategy seeks to guarantee that sustainable housing projects accomplish not only their social and
environmental goals, but also their long-term financial sustainability [9-137.
Literature Review

Recent years have seen a considerable increase in interest in sustainable housing initiatives as essential components
of the worldwide movement toward environmental resilience and sustainability [117]. Numerous approaches are
identified in the literature on sustainable building to mitigate the particular hazards connected to these kinds of
projects. This study provides a basis for creating an extensive risk management framework by synthesizing the body
of research on risk identification, assessment, and mitigation in sustainable housing. Determining Risks in
Sustainable Housing Initiatives Studies repeatedly demonstrate how sustainable building projects have a different
risk profile than conventional construction [12,147]. In (157 emphasize the environmental risks associated with the
use of green materials, which may be scarce or have inconsistent quality [167. A study by [17] discusses the
economic risks, noting that sustainable projects often involve higher initial costs and uncertain returns on investment
due to fluctuating market demands for green buildings. Social risks are also prominent, with (157 highlighting
community opposition to sustainable projects, often due to misconceptions or lack of awareness about the benefits
of sustainable housing. Furthermore, technological risks are underscored by [187, who note the uncertainties
associated with adopting new and untested technologies in construction, which can lead to failures or integration
issues. Regulatory and legal risks are discussed by [177], who point out the evolving nature of environmental
regulations and the complexities of ensuring compliance with sustainability standards. Risk Assessment Strategies,
Risk assessment in sustainable housing projects involves both qualitative and quantitative approaches. According to
[197 propose the use of risk matrices and SWOT analysis to qualitatively evaluate the likelihood and impact of
identified risks. In contrast, [247] advocate for quantitative methods such as Monte Carlo simulations to provide a
more precise assessment of risk probabilities and impacts. A comprehensive approach to risk assessment, combining
both qualitative and quantitative methods, is recommended by [207]. Their integrated framework allows for a more
robust evaluation of risks, accommodating the complexities and uncertainties inherent in sustainable construction
projects. Effective risk mitigation strategies are critical for the success of sustainable housing projects. According to
[217, sustainable sourcing and procurement strategies are essential for managing environmental risks. They
recommend establishing strong relationships with suppliers of sustainable materials to ensure consistent quality
and availability. Economic risks can be mitigated through meticulous cost management and value engineering, as
discussed by [22-247]. These strategies involve optimizing the cost-to-benefit ratio of sustainable features without
compromising quality or performance. To address social risks, [257] suggest comprehensive community engagement
and education programs to build local support and address concerns. This involves transparent communication about
the benefits of sustainable housing and actively involving community members in the planning process.
Technological risks are often mitigated through pilot projects and phased implementation, as recommended by [267].
This allows for the testing and refinement of new technologies on a smaller scale before full-scale deployment.
Additionally, [277] highlight the importance of robust quality assurance and control measures to prevent
technological failures. For regulatory and legal risks, [287 emphasize the importance of regular compliance
monitoring and obtaining relevant certifications to demonstrate adherence to sustainability standards. They also
recommend seeking legal advice to navigate the complex regulatory landscape. Comprehensive Risk Management
Frameworks. Several comprehensive risk management frameworks have been proposed in the literature. [297,
present a framework that integrates risk identification, assessment, mitigation, and monitoring;, tailored specifically
for construction projects. Their framework emphasizes the importance of continuous risk monitoring and adaptive
management.
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Figure 1: Risk Management Cycle (ROUTEFINDER)
In the context of sustainable construction, a framework proposed by 807 incorporates sustainability principles into
each phase of risk management. This includes specific strategies for managing the environmental, economic, social,
technological, and regulatory risks unique to sustainable housing projects [81-357. This paper proposes a
comprehensive risk management framework for sustainable housing projects, integrating best practices from
literature. The framework aims to identify, assess, and mitigate unique risks, enhance project resilience, and achieve
environmental sustainability and social responsibility goals by enhancing stakeholder management and project
resilience.
METHODOLOGY
This section outlines the methodology used to explore strategies for identifying and mitigating risks associated with
sustainable housing projects and to develop a comprehensive risk management framework tailored to the unique
challenges of sustainable construction. The methodology involves several key steps: literature review, risk
identification, risk assessment, risk mitigation strategy development, framework formulation, and validation through
expert consultation and case studies. Literature Review Objective was used to gather existing knowledge on risks in
sustainable construction and identify effective risk management practices. Conduct a comprehensive review of
academic journals, industry reports, and case studies related to sustainable housing and risk management. Synthesize
findings to identify common risks, assessment methods, and mitigation strategies discussed in the literature. Extract
best practices and insights that can be applied to the development of the framework. Risk Identification Objective
was used to identify specific risks associated with sustainable housing projects. Conduct qualitative research through
interviews and focus groups with stakeholders involved in sustainable housing projects, including architects,
engineers, contractors, developers, and regulators. Categorize identified risks into environmental, economic, social,
technological, and regulatory/legal domains. Risk Assessment Objective was used to evaluate the probability and
impact of identified risks. Combine qualitative and quantitative data to create a comprehensive risk profile for
sustainable housing projects. Framework Formulation Objective was conducted by developing a comprehensive risk
management framework tailored to sustainable construction. Integrate findings from the literature review, risk
identification, assessment, and mitigation strategy development into a cohesive framework. Structure the framework
to include clear steps for risk identification, assessment, mitigation, monitoring, and review. Ensure the framework
incorporates continuous learning and adaptation, effective communication, and strong governance principles. Then
validation was achieved through conducting expert consultations with practitioners in sustainable construction to
gather feedback on the framework’s applicability and effectiveness.
Analysis and Presentation
The process of conducting the interviews

The final risks determined from the literature were used to develop a framework to implement sustainable
construction. Then, 10 interviews are undertaken in order to validate the framework with practitioners of the
construction industry. All the interviewees are the professionals that already participated in the first stage of data

31



Ikwueze and Onuegbu www.iaajournals.org

collection. Where in the first stage of data collection, a questionnaire survey was used to determine the risk involved
in the construction of sustainable building. At the interview stage, senior professionals of the construction industry
are targeted, those that have considerable experience and hold key positions in their organizations. Because only one
group of practitioners was required for the interviews, a stratified random sampling technique was adopted. In the
first stage of data collection, the questionnaire survey, participants were divided into four strata based on their
experience in the construction industry. These were practitioners with less than 5 years of experience, 6-10 years,
11-15 years, and more than 15 years. In this stage, the targeted group was the fourth stratum comprising
professionals with more than 15 years of experience. Both organizations gave consent to be contacted again in the
validation stage and showed support for this research. IFurthermore, in the construction industry organizations adopt
a system to distribute construction practitioners based on their level of experience. Therefore, to identify an
adequate sample for interviews, a random sample was selected between active professionals in public or private
sectors of housing that have a minimum of 15 years of working experience. A consent form and a participant
information sheet were sent to those potential participants, and after they signed and returned the consent form,
experts were contacted for conducting the interviews. The job type of interviewees is shown in the table below:
Table 1: Profile of the interviewees

Job Type Frequency Percentage
Project Manager 3 30
Contractor 3 30

Client's Representative 2 20
Structural Engineer 2 20

Total 10 100

The interviews were undertaken through Skype with each interview lasting around 80 minutes. The participants
were asked a range of questions about the developed framework. Since the framework included a graphical
representation of the process, hard copies, in the form of PDF files, of the framework were sent to the participants
before the interviews. The file included the framework and primary aspects to be discussed during the interviewees
Framework Development
A comprehensive risk management framework for sustainable construction involves identifying and addressing the
unique challenges and risks associated with integrating sustainability principles into construction projects. This
framework includes risk identification, risk assessment, risk prioritization, and mitigation strategies. Risk
identification involves identifying environmental risks such as resource scarcity, climate change, waste management,
economic risks, market demand, financing, and social risks like community opposition, health and safety, and skill
shortages. Mitigation strategies include sustainable sourcing, climate resilience, waste reduction, cost management,
market analysis, diversified funding, community engagement, training programs, health and safety protocols,
technological integration, and regulatory and legal compliance. This was shown in figure 1. Continuous monitoring
and review involve regular audits, Key Performance Indicators (KPIs), and feedback loops. Communication and
reporting are essential for keeping stakeholders informed about risks and mitigation strategies. Governance and
responsibility involve a dedicated risk management team, clear roles and responsibilities, leadership commitment,
and resource allocation. By implementing this comprehensive risk management framework, organizations can
effectively address the unique challenges of sustainable construction, ensuring successful completion of projects
while meeting sustainability goals. The process of conducting interviews with construction industry experts to
validate the framework is outlined. The results of interviews and perception of construction professionals are also
discussed.
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Figure 2: The developed framework for a comprehensive risk management framework tailored to the unique
challenges of sustainable construction.

Interview records were transcribed and analyses for identifying common themes. The qualitative analysis resulted
in five themes in transcripts, which are identification, assessment, mitigation strategies, monitoring and review,
communication and reporting as presented on the framework. Those identified themes are related to different aspects
and tasks in the framework. The outcomes of the data analysis and opinions of experts are discussed below based
on the sequence of the interview questions.

The feasibility and satisfaction with the framework
The first aspect in the interviews was to understand whether experts were satisfied with the framework in general
or not. Responses of interviews help in ensuring that the conceptual framework is authentic and reliable. All the
interviewees had a consensus and agreed on the feasibility of the framework. The interviewees agreed that
framework consists of a sensible and a clear process that can be implemented, one of the interviewees quoted “ The
Effectiveness of health and safety risk management practices in the construction industry is dependent on an established
Sramework........... it will grve a better output if" it applied to any project”. Another participant said “7The framework looks
sensible and feasible and includes all needed aspects”. Professionals also pointed to the practicality of the framework “the
Jramework is practical, and is not that difficult to implement”.
Appointment of Risk Assessor for managing the process

The second aspect discussed with interviewees was appointing a risk assessor as a means for implementation of the
framework. The responders strongly agreed on appointing an assessor to lead the process. An interviewee stated
“insisting on appointing safety office/risk assessor for managing the process is very important”. An expert explained that
having a good safety awareness mutually between client and contactor will reduce change orders happening on
projects, consequently reducing disputes. The interviewees also heightened that appointing an assessor will be
beneficial to clarify roles and responsibilities “as a specific person will hold the responsibility to implement the framework”.
Similarly, another interviewee agreed that appointing risk assessor will help in defining responsibilities clearly “you
can see who s responsible for supervising and monitoring the process * [24]

Communic
ation and
Reporting

33



Ikwueze and Onuegbu www.iaajournals.org
CONCLUSION

The framework commences with establishing a shared project vision at the beginning of the preparation stage. The
framework suggests that client and contractor agree to appoint a risk assessor to manage the process. Since the
construction stages differs over the project lifecycle, appointing an assessor on champion from the preparation stage
will provide essential continuity throughout the process. The framework recommends identifying potential partners
at the very beginning of the design stage. However, determining stakeholders is not enough to have well-defined
relationships. The success of collaborative relationships could only be achieved by establishing clearly defined roles
and responsibilities [227].
Recommendation
The development of a comprehensive risk management framework for sustainable housing projects involves a
holistic approach to risk identification, involving all stakeholders and using a combination of qualitative and
quantitative methods. Robust risk assessment tools, such as risk matrices, SWOT analysis, and Monte Carlo
simulations, are recommended to evaluate the likelihood and impact of identified risks. Specific and practical
mitigation strategies are developed for each risk category, ensuring they are practical, cost-effective, and aligned
with sustainability goals. Continuous learning and adaptation are emphasized, with processes for continuous
monitoring, feedback, and adaptation within the risk management framework. Clear communication protocols are
developed to keep stakeholders informed about risks and mitigation strategies. A dedicated risk management team
is established, with clear roles and responsibilities. Advanced technologies like Building Information Modeling

(BIM), Geographic Information Systems (GIS), and IoT sensors are used to enhance risk identification, assessment,

and monitoring. Training and capacity building are also promoted to enhance project teams' skills and knowledge

in sustainable construction and risk management. These recommendations ensure proactive and effective risk
management, ensuring sustainable housing projects achieve their environmental, social, and economic objectives
while minimizing potential risks and enhancing project resilience.
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