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ABSTRACT

Climate resilience in the construction sector is critical for ensuring the durability and sustainability of
infrastructure amidst the increasing impacts of climate change. This study systematically reviews
climate resilience strategies in the Nigerian construction sector, evaluating their effectiveness and
outcomes. A comprehensive literature search yielded 50 peer-reviewed journal articles, conference
papers, and official reports, focusing on design innovations, material selection, policy frameworks,
and case studies across Nigeria's diverse climatic zones. Key findings indicate that strategies such
as flood barriers, green roofs, and sustainable materials are effective in mitigating climate risks,
although challenges such as financial constraints, regulatory gaps, and lack of awareness persist.
The study highlights the importance of community involvement, government support, and
technological innovation in successfully implementing resilience measures. Comparative analysis
with global best practices underscores the need for integrated approaches tailored to Nigeria's
unique context. The study concludes with recommendations for future research, emphasizing the
need for longitudinal studies, cross-regional comparisons, and the integration of traditional
knowledge. Policy implications include the development of comprehensive regulatory frameworks
and public-private partnerships to enhance the sector's adaptive capacity. This research provides
valuable insights and practical recommendations for enhancing climate resilience in Nigeria's
construction industry, contributing to broader goals of sustainable development and climate
adaptation.

Keywords: adaptation strategies, climate resilience, flood barriers, green roofs, mitigation
techniques, Nigerian construction sector

1.  INTRODUCTION

The construction industry is a crucial sector for economic development worldwide, contributing
significantly to gross domestic product (GDP) and providing extensive employment opportunities
[1]. Globally, the construction sector accounts for approximately 13% of GDP and supports
millions of jobs, reflecting its economic importance and societal impact [2], [3]. In Nigeria, the
sector plays a vital role in driving economic growth through substantial investments in
infrastructure, housing, and commercial developments [4], [5]. However, the construction industry
is one of the most climate-sensitive sectors due to its reliance on environmental conditions and
susceptibility to climate-related disruptions [6], [7]. Climate change introduces numerous
challenges to construction activities, including increased temperatures, altered precipitation
patterns, and more frequent and severe natural disasters such as floods, droughts, and storms
[8], [9]. These climatic variations can disrupt project timelines, increase operational costs, and
compromise the structural integrity and safety of buildings and infrastructure [10], [11].
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In the context of Nigeria, the construction sector’s vulnerability to climate change is
particularly acute due to the country's diverse climatic zones and socio-economic conditions [12],
[13]. Nigeria encompasses a variety of climatic regions, ranging from the arid and semi-arid zones
in the north to humid and coastal regions in the south, each facing distinct climate-related threats
[14], [15]. In the northern regions, prolonged droughts and desertification pose significant risks to
construction projects, while southern coastal areas are increasingly threatened by sea-level rise
and flooding [16]. Rapid urbanization and a growing population further exacerbate these
vulnerabilities, particularly in cities that lack adequate drainage systems and resilient
infrastructure, making them highly susceptible to flooding and other climate-induced hazards [17],
[18]. Additionally, the high prevalence of informal settlements and substandard construction
practices, coupled with weak enforcement of building codes, further increases the risks
associated with climate change impacts in Nigeria [19], [20].

Integrating climate resilience into construction practices is, therefore, imperative for the
sustainable development of Nigeria’s built environment [21]. Climate resilience in construction
refers to the capacity of buildings, infrastructure, and communities to withstand, adapt to, and
recover from climatic disruptions [22]. This entails utilizing resilient design principles, adopting
adaptive construction technologies, and employing climate-resilient materials that enhance the
durability and longevity of structures under varying environmental conditions [23], [24]. Resilient
construction practices are crucial not only for reducing the vulnerability of infrastructure to climate
change but also for ensuring the safety and well-being of communities and minimizing economic
losses [25], [26]. By incorporating these practices, the Nigerian construction sector can contribute
significantly to environmental sustainability through reduced resource consumption and lower
greenhouse gas emissions [9], [27]. Moreover, climate-resilient infrastructure attracts investments
by offering long-term security and reliability, thus promoting economic stability and development
[28].

Aligning climate resilience with national and international development goals, such as the
United Nations Sustainable Development Goals (SDGs), particularly Goal 11, which aims to make
cities inclusive, safe, resilient, and sustainable, is essential [29]. Given Nigeria’s rapid urbanization
and infrastructure deficits, adopting climate resilience in urban planning and construction will be
critical to managing the expected urban population growth, projected to exceed 60% of the total
population by 2050 [30]. Implementing green infrastructure solutions, such as permeable
pavements and green roofs, can help mitigate urban heat islands, manage stormwater, and
reduce flood risks, thereby enhancing urban resilience [14], [15]. These approaches are
particularly relevant in the context of cities like Lagos, which face chronic flooding issues due to
inadequate drainage and poor land use planning [17], [31].

This study seeks to systematically review and evaluate the strategies and outcomes of
climate resilience practices within the Nigerian construction industry. The first objective is to
identify and assess the effectiveness of existing climate resilience strategies employed in the
sector, considering both traditional and innovative practices adapted to Nigeria’s unique climatic
and socio-economic conditions [4], [13]. The second objective is to examine the impact of these
strategies on mitigating climate-related risks and enhancing the resilience of buildings and
infrastructure [21], [28]. This involves evaluating how effectively these strategies protect against
extreme weather events, reduce vulnerability, and contribute to the overall stability and
functionality of construction projects under changing climatic conditions [8], [25].

The third objective is to analyze the broader socio-economic and environmental outcomes
of implementing climate resilience strategies. This includes assessing their cost-effectiveness,
contributions to economic growth and job creation, and their role in promoting social equity and
community well-being [17], [26]. The fourth objective is to identify the institutional, financial,
technical, and cultural challenges hindering the adoption and successful implementation of
resilience strategies, providing actionable policy recommendations to address these barriers [18],
[32]. Lastly, the study compares Nigerian practices with global best practices, highlighting
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successful resilience strategies from other countries and suggesting areas for improvement and
future research [30], [21]. Through these objectives, the study aims to contribute to the growing
body of knowledge on climate resilience and support the development of more robust and
sustainable construction practices in Nigeria [13], [15].

The significance of this study lies in its comprehensive review of climate resilience strategies
and their outcomes within the Nigerian construction sector, an area of increasing relevance given
the rising frequency and intensity of climate-related events [7], [2]. By systematically reviewing
existing strategies and their effectiveness, the study provides valuable insights for policymakers,
construction professionals, and stakeholders, supporting the development of evidence-based
policies and practices that enhance the adaptive capacity of Nigeria’s built environment [10], [28].
This is crucial not only for ensuring the durability and safety of infrastructure but also for promoting
economic stability and environmental sustainability [28], [33].

The scope of this study includes a thorough analysis of various climate resilience strategies
currently implemented in Nigeria, evaluating their effectiveness and outcomes in the face of
climate-related challenges [4]. It assesses adaptation and mitigation techniques, policy
frameworks, and technological innovations that contribute to resilience. Furthermore, the study
investigates the challenges and barriers faced in implementing these strategies, offering
recommendations for overcoming them [32]. By comparing Nigerian practices with global best
practices, the study identifies gaps and areas for improvement, providing a roadmap for future
research and development [14]. Ultimately, the study aims to enhance the understanding and
implementation of climate resilience in construction, offering practical solutions and strategic
insights applicable within Nigeria and other climate-vulnerable regions [27].

2. LITERATURE REVIEW

Overview of Climate Change Impacts on Construction

Climate change has increasingly become a critical concern for the construction industry due to
its wide-ranging effects on infrastructure stability, material durability, and project sustainability.
Rising temperatures, increased precipitation, and more frequent extreme weather events—such
as floods, hurricanes, and droughts—pose substantial risks to the built environment [10], [11].
These climatic changes not only accelerate the deterioration of materials and increase
maintenance costs but also threaten the structural integrity and safety of buildings [12], [13]. For
instance, extreme heat can cause thermal expansion in construction materials, leading to cracks
and potential structural failures, while increased rainfall and flooding can result in soil erosion,
foundation instability, and even complete collapse of structures in severe cases [14], [15].

In Nigeria, the construction industry faces compounded challenges due to the country’s
diverse climatic regions and socio-economic vulnerabilities [16]. The northern regions experience
extreme heat and prolonged droughts, which undermine the stability of building foundations, while
the southern coastal areas are exposed to sea-level rise and frequent flooding, leading to severe
infrastructure damage and economic losses [17], [18]. Urban areas, where the concentration of
population and economic activities is highest, are particularly vulnerable due to inadequate
infrastructure, substandard construction practices, and the proliferation of informal settlements
[19], [20]. These factors necessitate the adoption of robust climate resilience strategies to ensure
the long-term sustainability and safety of Nigeria’s built environment.

Climate Resilience: Definition and Key Concepts

Climate resilience in construction refers to the ability of infrastructure and communities to
anticipate, prepare for, and respond to climate-related impacts, while maintaining their essential
functions [21], [22]. Key concepts include adaptive capacity, which denotes the ability to adjust
and modify structures to better withstand future climatic conditions, and vulnerability, which
describes the degree of susceptibility of infrastructure to climate hazards [23], [24]. Mitigation,
which involves reducing greenhouse gas emissions and utilizing sustainable construction
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practices, is also a core component of resilience, as it helps limit the extent of future climate
change impacts [25], [26].

Adaptive capacity in the construction sector can be enhanced through the use of flexible
and modular designs that allow buildings to adapt to changing climatic conditions over time [27].
This includes incorporating advanced materials and technologies that are resistant to extreme
temperatures, moisture, and other environmental stresses, thereby reducing the need for frequent
repairs and ensuring the longevity of structures [28], [29]. Understanding these key concepts is
fundamental for developing comprehensive resilience strategies that enable infrastructure to
withstand both current and future climate uncertainties [22], [30].

Strategies for Climate Resilience in Construction

Developing climate resilience in construction requires a multi-faceted approach that integrates
design and planning, innovative materials and technologies, and robust policy frameworks. A key
strategy involves incorporating climate considerations at the initial stages of project development,
including site selection, risk assessment, and climate-resilient architectural designs [31], [32]. This
approach includes conducting thorough assessments using geographic information systems
(GIS) to analyze potential climate risks, such as flooding, landslides, and extreme temperatures
[3], [16]. Designing structures with reinforced foundations, elevated platforms, and waterproof
materials can help mitigate the impacts of extreme weather events and ensure structural stability
[25], [17].

The use of advanced materials and smart technologies is essential for enhancing the
resilience of buildings. For instance, high-performance concrete, which incorporates additives to
improve durability, can resist cracking under thermal stress, while permeable pavements help
manage stormwater and reduce surface runoff, minimizing the risk of urban flooding [33]. Cool
roofs, designed to reflect sunlight and reduce heat absorption, are particularly effective in
mitigating the urban heat island effect, lowering cooling costs, and extending the lifespan of
roofing materials [34], [23]. Prefabricated and modular construction methods also offer resilience
benefits by allowing for quicker assembly and reducing construction time, waste, and
environmental impact [25], [28].

Integrating green infrastructure, such as green roofs, urban vegetation, and permeable
surfaces, contributes to climate resilience by managing stormwater, reducing urban heat islands,
and enhancing biodiversity [32], [35]. Green roofs, for example, provide insulation, decrease
energy demand, and absorb rainwater, thereby reducing the load on drainage systems and
mitigating flood risks [28], [33]. Urban vegetation and permeable pavements further aid in
managing stormwater, replenishing groundwater, and supporting sustainable water management
practices [31], [36].

Policy and regulatory frameworks are critical for promoting climate resilience in
construction. Regulatory standards, such as updated building codes and resilience certifications,
ensure that new constructions are built to withstand future climatic conditions and extreme
weather events [24], [8]. Incentives, including tax breaks, subsidies, and grants for resilient
construction projects, can offset the initial costs associated with resilience measures, encouraging
developers and property owners to adopt climate-resilient practices [30], [16]. For example,
resilience standards in the Netherlands’ Room for the River project and the United States’ Rebuild
by Design initiative emphasize the importance of integrating resilience into broader urban
planning and development frameworks, demonstrating the effectiveness of combining structural
and non-structural measures [35], [32].

Smart technologies such as Building Management Systems (BMS), which monitor and
optimize energy use and environmental conditions, further enhance resilience by maintaining
optimal indoor environments during extreme weather events [33], [25]. Sensors and automated
controls can adjust lighting, shading, and ventilation to respond dynamically to changes in
temperature and humidity, reducing energy consumption and enhancing indoor comfort [34], [29].
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Previous Studies on Climate Resilience in Nigerian Construction

Several studies have documented the successes and challenges of integrating climate resilience
strategies into Nigeria’s construction sector. The use of traditional building materials such as
laterite and bamboo has shown significant promise in enhancing resilience due to their local
availability, cost-effectiveness, and suitability for hot and humid climates [16], [17]. Community-
based flood management projects have also been effective in urban areas prone to frequent
flooding. For example, community-driven initiatives in Lagos have resulted in improved drainage
systems and reduced flood-related damages, highlighting the importance of local engagement
and participation [8].

Despite these successes, barriers remain, including the absence of comprehensive climate
policies, inadequate financial resources, and a lack of technical expertise [7], [18]. Many
construction firms in Nigeria face financial constraints that limit their ability to invest in resilient
technologies and materials, which are often more expensive than traditional options [8]. The socio-
economic context, characterized by high levels of poverty and rapid urbanization, further
complicates efforts to promote resilience [10]. Informal settlements, which house a significant
portion of the population, are especially vulnerable due to substandard construction practices and
lack of access to basic services [19], [18].

Research Gap
Although research on climate resilience in Nigeria’s construction sector is growing, significant
gaps remain. Current studies have largely focused on specific aspects of resilience, such as
material innovation or community-based initiatives, without offering a holistic assessment of how
these strategies interact and contribute to overall resilience [7], [25]. There is a need for
comprehensive frameworks that integrate various resilience strategies, addressing both structural
and non-structural measures to create adaptable and sustainable construction practices [30].
Furthermore, there is limited research on how Nigeria’s construction resilience strategies
compare to global best practices, which is essential for identifying areas for improvement and
adaptation [35], [32]. The socio-economic dimensions of resilience, including the influence of
poverty, policy constraints, and cultural factors on the effectiveness of resilience strategies, have
not been sufficiently explored [28]. Addressing these gaps will provide valuable insights for
enhancing climate resilience in Nigeria’s construction industry and contribute to the broader goals
of sustainable development and climate adaptation [18].

3. METHODOLOGY

Research Design

The research design of this study employs a mixed-method approach, combining a systematic
review of literature with qualitative and quantitative analyses to comprehensively evaluate climate
resilience strategies in the Nigerian construction sector. The systematic review involved a
structured process for identifying, evaluating, and synthesizing relevant studies from multiple
sources, ensuring a rigorous and unbiased analysis of the topic [37], [38]. The qualitative analysis
provided an in-depth understanding of thematic patterns and contextual factors influencing
resilience strategies, while the quantitative analysis offered an objective measurement of strategy
effectiveness using statistical tools.

The study also integrates a comparative analysis with international best practices,
specifically from the USA and the Netherlands. This comparative approach was used to identify
successful global strategies that can be adapted to the Nigerian context and to benchmark the
effectiveness of Nigerian practices against these established models [39], [40]. The detailed
methods for measuring the effectiveness of strategies and conducting the comparative analysis
are outlined in subsequent sections.
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Data Collection Methods

1) Literature Search Strategy

The literature search involved a comprehensive review of multiple academic databases, including
Web of Science, Scopus, and Google Scholar, to identify peer-reviewed articles, conference
papers, and technical reports published between 2000 and 2023. The search was guided by
keywords such as "climate resilience," "construction industry," "Nigeria," "adaptive capacity,"
"mitigation," and "policy frameworks." Boolean operators (AND, OR, NOT) were used to refine the
search and enhance the specificity of the results, ensuring that only relevant literature was
retrieved [41]-[43]. Additionally, backward citation tracking was employed by reviewing the
reference lists of selected articles to identify further pertinent studies. This comprehensive
strategy ensured the inclusion of influential works that may not have been captured in the initial
database search. The search was limited to English-language publications to maintain
consistency. After the initial screening of titles and abstracts, full-text reviews were conducted to
confirm relevance and adherence to the established inclusion criteria.

2) Inclusion and Exclusion Criteria

The inclusion criteria for selecting studies were as follows: (1) studies focusing on climate
resilience strategies in the construction sector, (2) research conducted in Nigeria or including
Nigerian case studies, (3) peer-reviewed journal articles, conference papers, and official reports,
(4) publications in English, and (5) studies published between 2000 and 2023. Exclusion criteria
were applied to filter out studies that focused solely on technical aspects without addressing
climate resilience, were unrelated to the construction sector, or were published before 2000.
Additionally, studies lacking empirical evidence or those not published in English were excluded
to maintain the quality and relevance of the review [22], [28]. The multi-stage screening process
began with an initial review of titles and abstracts, followed by a full-text assessment to confirm
their relevance based on the research objectives. This approach ensured that only high-quality,
recent, and relevant studies were included in the systematic review, providing a robust foundation
for evaluating climate resilience strategies in the Nigerian construction industry [8], [40].

3) Instrument for Measuring Effectiveness of Climate Resilience Strategies

The effectiveness of climate resilience strategies was measured using a custom-designed
Effectiveness Measurement Index (EMI). This index was developed to quantitatively assess the
performance of various strategies based on a set of predefined criteria derived from the literature
and input from industry professionals. The EMI incorporates five key parameters: durability and
longevity, adaptability, economic feasibility, social acceptance, and environmental sustainability.
Each parameter was rated on a scale of 1 to 5 (1 = very low, 5 = very high). Data for these
parameters were collected through a combination of the literature review and semi-structured
interviews with experts in the Nigerian construction sector to ensure that the index was reflective
of both theoretical and practical considerations [40], [44]. The scores for each parameter were
then averaged to produce an overall effectiveness score for each strategy, allowing for a
comprehensive evaluation of resilience strategies.

4) Method for Measuring Effectiveness of Adaptation and Mitigation Techniques

The effectiveness of various adaptation and mitigation techniques was measured using the
Adaptation-Mitigation Effectiveness Scale (AMES), a tool specifically designed for this study. The
AMES evaluates techniques based on five criteria: risk reduction, resource efficiency, technical
feasibility, scalability, and cost-effectiveness. Each criterion was rated on a scale of 1 to 5, and
data were collected through a combination of literature review, project reports, and expert
interviews to ensure comprehensive coverage of both adaptation and mitigation strategies [5],
[29]. The AMES was used to rank each technique’s effectiveness, providing insights into their
performance across different climatic and socio-economic contexts in Nigeria. The data collected
through the AMES facilitated a structured evaluation, highlighting the adaptation techniques that
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offer the highest risk reduction (e.g., elevated structures) and the mitigation techniques that are
most cost-effective (e.g., energy-efficient designs).

5) Method for Conducting Comparative Analysis

The comparative analysis between Nigeria, the USA, and the Netherlands was conducted using a
Comparative Resilience Framework (CRF). This framework was developed to systematically
compare resilience practices across different countries based on three key dimensions: flood
management, urban resilience, and policy frameworks. The USA and the Netherlands were
selected as benchmark countries due to their globally recognized and well-documented climate
resilience strategies. The Netherlands is renowned for its innovative flood management
approaches, such as the Room for the River project, which integrates flood resilience into water
management through a combination of infrastructural and environmental solutions [39]. The USA,
particularly through the Rebuild by Design initiative, has established robust frameworks for
enhancing urban resilience and disaster recovery, especially following events like Hurricane
Sandy [32]. These countries provide valuable insights that can be adapted to the Nigerian context,
given the similarities in urbanization challenges and climate risks such as flooding and coastal
erosion.

The CRF involved rating each country’s practices on a scale of 1 to 5 (1 = very low
effectiveness, 5 = very high effectiveness) based on their performance in the three dimensions.
Data for this analysis were obtained from peer-reviewed articles, government reports, and case
studies, ensuring a robust comparison across different national contexts [40], [44].

Data Analysis

1) Qualitative Analysis

Qualitative data were analyzed using thematic analysis to identify patterns and themes related to
climate resilience strategies. NVivo software was used to facilitate coding and organization of the
data, ensuring that themes were systematically captured and categorized. Themes such as
“community engagement,” “policy gaps,” and “technological innovation” were identified and used
to construct a structured narrative of the findings [38], [43].

2) Quantitative Analysis

Quantitative data were analyzed using descriptive statistics and, where applicable, meta-analysis
techniques. The effectiveness scores for climate resilience strategies and adaptation and
mitigation techniques, derived from the EMI and AMES scales, were analyzed using SPSS
software to calculate means, standard deviations, and overall rankings [45]. This approach
provided a robust quantitative assessment of the data, supporting the findings presented in the
results and discussion section.

Ethical Considerations

Ethical considerations were central to this research. Since the study involved secondary data
analysis and expert interviews, informed consent was obtained from all interview participants, and
confidentiality was maintained. Ethical guidelines for data collection, analysis, and reporting were
strictly followed, ensuring transparency and minimizing bias [38].

4. RESULTS AND DISCUSSIONS

Overview of Collected Data

The literature search yielded a total of 50 peer-reviewed journal articles, conference papers, and
official reports published between 2000 and 2023. These sources were meticulously selected
based on their relevance to climate resilience in the Nigerian construction sector. The data were
primarily obtained through a systematic literature review, and supplemented by key informant
interviews with professionals in the Nigerian construction industry to validate the findings and
provide practical perspectives. This dual approach ensured that the findings are grounded in both
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academic research and industry experience, enhancing the robustness and credibility of the
conclusions drawn.

The literature distribution, summarized in Table 4.1, shows a balanced focus on various aspects
of climate resilience, with the majority of studies concentrating on design innovations and case
studies. The geographic distribution of the case studies, depicted in Figure 4.1, indicates a
regional focus on resilience strategies tailored to specific climatic risks, such as coastal flooding
in Lagos and water scarcity in Kano. The selection of case studies was guided by the need to
cover diverse climatic zones and examine a variety of resilience strategies, as detailed in the
methodology, to ensure comprehensive coverage of the Nigerian contex [11].

Table 1. Distribution of Reviewed Literature

SN Topic Area Number of Studies
1 Design Innovations 15

2 Material Selection 10

3 Policy Frameworks 8

4  Case Studies 12

5  Other (e.g., economic impact) 5

Geographic Distribution of Case Studies in Nigeria
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Figure 1. Geographic Distribution of Case Studies

The geographic distribution map (Figure 1) shows that Lagos has the highest concentration
of case studies, followed by Abuja, Port Harcourt, Kano, and Ibadan. This spatial distribution
suggests a regional focus on resilience strategies tailored to specific climate risks, such as coastal
flooding in Lagos and water scarcity in Kano.

Strategies for Climate Resilience in Nigerian Construction

This section evaluates the effectiveness of various climate resilience strategies based on data
collected through the literature review and interviews. The strategies include design and planning,
materials and technologies, policy and regulations, and community-based initiatives. Each
strategy was assessed using the Effectiveness Measurement Index (EMI), as described in the
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methodology, which quantifies effectiveness on a scale of 1 to 5 based on criteria such as
durability, adaptability, economic feasibility, social acceptance, and environmental sustainability.

1) Effectiveness of Various Strategies

Community-Based Initiatives

Policy and Regulations

Materials and Technologies

Design and Planning

0 1 2 3 4 5
Effectiveness (1-5)

Figure 2. Effectiveness of Climate Resilience Strategies

Figure 2 presents a comparative analysis of the effectiveness of climate resilience strategies in
the Nigerian construction sector. Design and planning emerged as the most effective strategy,
with a high effectiveness rating of 4.5. This finding was derived through a combination of thematic
analysis of the literature and interview responses, where experts emphasized the critical
importance of incorporating climate considerations into the early stages of construction projects
[4], [41]. Effective design and planning involve selecting appropriate construction sites,
incorporating climate-resilient building materials, and ensuring that structures are oriented to
maximize natural ventilation and minimize heat gain [5]. Such practices not only enhance
structural integrity but also reduce long-term maintenance costs, making them highly effective for
achieving sustainable construction [44].

Community-based initiatives followed closely with a rating of 4.2, reflecting the significant
role of local engagement in enhancing resilience. These initiatives leverage local knowledge and
resources, making them highly adaptive and context-specific [8], [21]. For instance, the Lagos
Urban Resilience Program successfully reduced flood risks through community-led projects that
included the construction of local drainage systems and the implementation of early warning
systems. Such initiatives demonstrate the value of community involvement in developing tailored
resilience strategies that address specific local needs and vulnerabilities [10].

Materials and technologies demonstrated substantial effectiveness with a rating of 4.0,
highlighting the role of innovative materials like high-performance concrete and smart
technologies in building resilient structures. High-performance concrete, which incorporates
additives for enhanced durability, and permeable pavements that improve water infiltration, were
frequently cited as effective materials for enhancing resilience to extreme weather conditions [22],
[37]. The use of these materials in combination with advanced construction technologies, such as
prefabricated building components, has been shown to reduce construction time, improve quality
control, and enhance the overall resilience of structures [44].

Policy and regulations, however, received the lowest effectiveness rating at 3.5. This lower
rating indicates significant gaps in policy implementation and enforcement across different
regions, as noted by industry professionals during the interviews [10], [14]. The lack of
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comprehensive policy frameworks that mandate climate-resilient construction practices and
enforce compliance has hindered the broader adoption of resilience strategies in Nigeria. This
finding underscores the need for more robust regulatory support and incentives to promote
climate resilience in the construction industry [30].

2) Adaptation and Mitigation Techniques

l B Adaptation

B Mitigation
Renewable Energy Integration

Energy-Efficient Designs

Drainage Systems

Green Roofs and Walls

Elevated Structures

0 1 2 3 Pl 5
Effectiveness {1-5)

Figure 3. Adaptation and Mitigation Techniques

Figure 3 illustrates the effectiveness of various adaptation and mitigation techniques,
evaluated using the Adaptation-Mitigation Effectiveness Scale (AMES) developed for this study.
Adaptation techniques such as elevated structures and green roofs were found to be highly
effective in reducing flood risks and mitigating the urban heat island effect [22], [8]. Elevated
structures, with an effectiveness rating of 4.5, are particularly relevant in flood-prone areas like
Lagos and Port Harcourt, where they have significantly reduced flood-related damages [11].

Mitigation techniques, such as energy-efficient designs and renewable energy integration,
also rated highly, with effectiveness scores of 4.3 and 4.1, respectively. Energy-efficient designs
that incorporate passive cooling and lighting systems have been shown to reduce energy
consumption by up to 30%, making them an economically viable solution for sustainable
construction [44], [37]. Renewable energy integration, such as the use of solar panels and wind
turbines, not only reduces greenhouse gas emissions but also enhances the energy
independence of buildings, thereby contributing to long-term sustainability [37].

Outcomes of Implemented Strategies
1) Case Studies and Examples

Several case studies illustrate the successful implementation of climate resilience strategies
in Nigerian construction, showcasing both large-scale infrastructure projects and innovative urban
planning initiatives. Data for these case studies were collected through a combination of literature
review and semi-structured interviews with project managers and local stakeholders. This
approach provided comprehensive insights into both the technical and socio-economic impacts
of the implemented strategies, ensuring a nuanced understanding of their outcomes.

The Lagos Coastal Defense Project involved the construction of seawalls, flood barriers, and
drainage systems specifically designed to withstand severe weather conditions and mitigate the
impact of coastal flooding. Since its implementation, the project has achieved a notable 40%
reduction in flood-related damages, demonstrating the effectiveness of large-scale infrastructure
solutions in managing climate risks and protecting vulnerable coastal communities. This project
highlights the importance of proactive infrastructure planning and investment in enhancing the
resilience of urban areas to climate-induced hazards [11].
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The Abuja Green Building Initiative is another exemplary project that integrates sustainable
design principles into urban development. This initiative emphasizes the use of energy-efficient
building materials and green infrastructure elements, such as vegetated rooftops and natural
ventilation systems, to enhance building performance. Preliminary results from the initiative
indicate a 20% reduction in energy consumption and significant improvements in indoor air
quality. This demonstrates the potential of green infrastructure to contribute not only to
environmental sustainability but also to the overall well-being and resilience of urban
environments, making it a valuable model for other cities aiming to implement sustainable
development practices [22].

2) Comparative Analysis with Global Practices

The comparative analysis between Nigeria, the USA, and the Netherlands was conducted using
the Comparative Resilience Framework (CRF). The USA and the Netherlands were selected as
benchmarks due to their globally recognized resilience strategies and their relevance to the
challenges faced by Nigeria. The analysis focused on flood management, urban resilience, and
policy frameworks.

In flood management, the Netherlands scored the highest with a rating of 4.8, due to their
innovative approaches such as the Room for the River project [20]. The USA, with initiatives like
Rebuild by Design, scored 4.5, while Nigeria's flood management practices were rated at 4.2. In
urban resilience, the Netherlands and the USA also scored highly, while Nigeria's community-
based initiatives received a rating of 4.0. The policy framework ratings further underscored
Nigeria’s need for comprehensive policy development and enforcement [27].

Effectiveness (1-5) by E3 Countries for B Flood Management, @ Urban Resilience, and

Policy Frameworks
5.0

45
4.0
35
3.0
25
2.
15
1.0
0.
0

Netherlands United StatP' Nigeria

o

w

Figure 4. Comparative Analysis with Global Practices

Discussion of Key Findings

The key findings of this study were derived through a rigorous methodological approach that
combined insights from a systematic literature review, thematic analysis, and semi-structured
interviews with industry professionals in the Nigerian construction sector. This approach allowed
for a comprehensive evaluation of climate resilience strategies, ensuring that the findings are
grounded in both theoretical frameworks and practical experiences. Each finding was further
validated using empirical evidence from peer-reviewed studies, ensuring scientific rigor and
relevance.
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1) Success Factors for Climate Resilience Strategies

The success of climate resilience strategies in Nigeria is influenced by three critical factors:
community involvement, government support, and technological innovation. These success
factors were identified through a triangulation of data sources, which included extensive literature
review and expert interviews. The literature review, comprising over 50 peer-reviewed journal
articles and technical reports, highlighted the importance of community-based initiatives in
achieving long-term sustainability and effectiveness of resilience strategies [8], [21]. This finding
is supported by the social learning theory, which emphasizes that active participation of local
communities fosters a sense of ownership and responsibility, enhancing the sustainability of
resilience initiatives [13], [15]. Community involvement was particularly effective in the context of
the Lagos Urban Resilience Program, where community-led projects, such as local drainage
systems and early warning mechanisms, significantly reduced flood risks and enhanced local
adaptive capacity [11], [22]. This was corroborated by interview responses, where local
stakeholders highlighted the importance of involving community members in the planning and
implementation phases to ensure that resilience measures are tailored to specific local needs and
contexts.

Government support emerged as another pivotal success factor, as robust policy frameworks
and financial incentives are essential for promoting the adoption of resilient construction practices
[27], [30]. Empirical evidence from both the literature and interviews indicated that government
funding and technical assistance are critical enablers of climate resilience in developing countries,
where financial constraints often pose a significant barrier to implementation [14], [20]. The
success of large-scale projects, such as the Lagos Coastal Defense Project, can be attributed to
the strong governmental support in terms of funding and technical expertise. The analysis showed
that when government policies are coherent and aligned with resilience objectives, there is a
marked increase in the implementation and effectiveness of climate-resilient construction
practices [11].

Technological innovation was identified as a key factor in enhancing the adaptability and
durability of buildings. The adoption of advanced materials, such as fiber-reinforced composites,
and modern construction techniques, such as prefabricated modular systems, significantly
improved the resilience of structures [37], [44]. Quantitative data obtained through the Adaptation-
Mitigation Effectiveness Scale (AMES) demonstrated that these technologies not only reduce
construction costs and time but also contribute to broader environmental sustainability by
lowering energy consumption and minimizing the urban heat island effect [44], [37]. This finding
is supported by studies indicating that integrating smart technologies and sustainable materials
into building designs enhances their capacity to withstand extreme weather events, thereby
reducing long-term maintenance costs and improving overall safety [37], [46].

2) Barriers and Challenges

Despite the identified success factors, several barriers continue to impede the effective
implementation of climate resilience strategies in the Nigerian construction sector. Financial
constraints were consistently highlighted as a primary challenge. Both the literature review and
interview responses indicated that many resilience measures require substantial initial
investments, which are often beyond the financial capacity of local developers and communities
[27], [19]. Empirical studies confirm that the cost of implementing climate-resilient construction
practices is a significant barrier in developing economies, where access to financial resources is
limited [14]. The findings suggest that increased funding and financial incentives from both public
and private sectors are essential to overcoming this challenge [14].

Regulatory gaps were also identified as a major obstacle. Thematic analysis of the literature
and interviews revealed that the lack of comprehensive and enforceable policies has hindered the
broader adoption of climate resilience strategies across different regions in Nigeria [8], [10]. While
certain states have adopted flood management policies, the absence of a consistent national
framework results in fragmented and often ineffective implementation. This finding is supported
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by prior research, which indicates that policy coherence and enforcement are critical to the
success of climate adaptation measures [14]. Interviews with industry professionals highlighted
that even when resilience policies exist, the lack of enforcement mechanisms significantly reduces
their effectiveness, suggesting a need for stronger regulatory frameworks and compliance
monitoring.

Another critical barrier is the lack of awareness and technical capacity among key
stakeholders, including builders, developers, and the general public. The literature review and
interview data both revealed a significant knowledge gap regarding the benefits of climate
resilience and the available strategies for its implementation [13], [37]. This insufficient
understanding impedes the adoption of resilient practices and highlights the need for targeted
education and awareness programs. Empirical evidence from studies in other developing
countries supports the view that technical training and awareness initiatives are essential for
promoting a culture of resilience and encouraging the adoption of effective strategies [13].
Interviewees suggested that training programs for construction professionals and public
awareness campaigns could play a crucial role in bridging this gap, thereby promoting the
widespread adoption of climate resilience strategies that align with both local and international
best practices [8], [44].

5. CONCLUSION

This study offers a thorough evaluation of climate resilience strategies in Nigeria's construction
sector, emphasizing the need for a holistic approach that integrates advanced materials,
innovative designs, and strong policy frameworks. Key strategies identified include flood barriers,
green infrastructure like green roofs, and sustainable building materials. Design and planning
emerged as the most effective strategy due to its early integration of climate considerations.
Community-based initiatives, leveraging local knowledge, were also effective, but their broader
adoption is hindered by financial and regulatory limitations, which affect consistency across
regions.

The effectiveness of these strategies was measured by their ability to reduce climate-related
risks and strengthen infrastructure resilience. Design strategies that use climate-resilient materials
and site-specific measures proved highly effective, while community-based initiatives promoted
sustainable practices. However, inconsistent implementation and enforcement remain major
challenges. Case studies such as the Lagos Coastal Defense Project, which reduced flood-related
damages, and the Abuja Green Building Initiative, which improved energy efficiency, demonstrate
the potential impact of climate resilience strategies. However, achieving these benefits on a larger
scale requires overcoming financial, technical, and regulatory barriers. Key barriers include high
upfront costs, gaps in regulatory enforcement, and lack of technical expertise and awareness
among stakeholders.

Comparisons with global best practices from the USA and the Netherlands revealed areas
where Nigeria can improve. While Nigeria has made progress in addressing specific climate risks,
it lacks the comprehensive integration seen in these developed countries. The Netherlands’
success in flood management and the USA’s resilience planning offer valuable lessons in policy
development, community engagement, and technology use. The study recommends an
integrated approach that combines policy support, community involvement, and technological
innovation to enhance Nigeria’s climate resilience. Practitioners should adopt advanced materials
and technologies early in project planning, while policymakers should develop robust regulatory
frameworks and provide financial incentives. Public-private partnerships can help mobilize
resources for large-scale projects.

Future research should focus on long-term studies to assess the sustainability of resilience
strategies and explore region-specific challenges. Integrating traditional knowledge with modern
solutions could provide innovative and cost-effective strategies. Examining the socio-economic
and policy dimensions of resilience will be essential for developing comprehensive approaches.
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Overall, climate resilience in Nigeria’s construction sector is crucial for sustainable development.
With continued research and collaboration, Nigeria can enhance the resilience of its built
environment and adapt to the evolving climate landscape.

Data Availability
The data used for the research shall be made available on request through the email address of
the corresponding author, chidieberehyg@gmail.com.
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Ethical Statement

The protocol for this study was approved by the ethical committee of Mechanical Engineering
Department of Ahmadu Bello University Nigeria. The research was carried out in accordance with
the guidelines which mandates the participants to fill the consent form before participating in the
survey.

REFERENCES

1 World Bank, "World Development Report 2020," World Bank Group, 2020.
https://digitallibrary.un.org/record/38505317?In=en

[2] M. De luliis, A. Cardoni, and G. P. Cimellaro, "Resilience and safety of civil engineering
systems and communities: A bibliometric analysis for mapping the state-of-the-art," Safety
Science, vol. 174, p. 106470, June 2024. Available:
https://doi.org/10.1016/j.ssci.2024.106470.

[3] C. A. Wongnaa, A. A. Seyram, and S. Babu, "A systematic review of climate change
impacts, adaptation strategies, and policy development in West Africa," Regional
Sustainability, vol. 5, no. 2, p. 100137, June 2024. Available:
https://doi.org/10.1016/j.regsus.2024.100137.

[4] [. A. A. Anifowose, K. J. Mohammed, I. O. Yusau, and A. A. Audu, "An assessment of the
Nigerian construction industry’s role in combating the climate change crisis," Civil
Engineering and Architecture, vol. 11, no. 5A, pp. 2950-2957, Sept. 2023. https:// doi:
10.13189/cea.2023.110811.

[5] J. Ayarkwa, D.-G. J. Opoku, P. Antwi-Afari, and R. Y. M. Li, "Sustainable building
processes’ challenges and strategies: The relative importance index approach," Cleaner
Engineering and Technology, vol. 7, p. 100455, Apr. 2022. Available:
https://doi.org/10.1016/j.clet.2022.100455.

[6] E. M. Hamin and N. Gurran, "Urban form and climate change: Balancing adaptation and
mitigation in the U.S. and Australia," Habitat International, vol. 33, no. 3, pp. 238-245, 2009.
https://doi.org/10.1016/j.habitatint.2008.10.005

[7] O. Ortiz, F. Castells, and G. Sonnemann, "Sustainability in the construction industry: A
review of recent developments based on LCA," Construction and Building Materials, vol.

23, no. 1, pp. 28-39, Jan. 20009. Available:
https://doi.org/10.1016/j.conbuildmat.2007.11.012.
[8] M. M. Al-Humaigani and S. G. Al-Ghamdi, "The built environment resilience qualities to

climate change impact: Concepts, frameworks, and directions for future research,"
Sustainable Cities and Society, vol. 80, p. 103797, May 2022. Available:
https://doi.org/10.1016/j.scs.2022.103797.

[9] R. Castano-Rosa, S. Pelsmakers, H. Jarventausta, J. Poutanen, L. Tahtinen, A.
Rashidfarokhi, and S. Toivonen, "Resilience in the built environment: Key characteristics
for solutions to multiple crises," Sustainable Cities and Society, vol. 87, p. 104259, Dec.
2022. Available: https://doi.org/10.1016/j.scs.2022.104259.

JOSC - VoL. 4 No. 1 OcTOBER 2024



74

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Unegbu et al.

I. Akinshipe, I. B. Oluleye, and C. Aigbavboa, "Adopting sustainable construction in Nigeria:
Maijor constraints," IOP Conference Series: Materials Science and Engineering, vol. 640,
no. 1, p. 012020, Nov. 2019. https:// doi: 10.1088/1757-899X/640/1/012020.

I. Adelekan, "Vulnerability of poor urban coastal communities to flooding in Lagos,
Nigeria," Environment and Urbanization, vol. 22, no. 2, pp. 433-450, 2012.
https://doi:10.1177/0956247810380141

C. S. Malley, D. Omotosho, B. Bappa, A. Jibril, P. Tarfa, M. Roman, W. K. Hicks, J. C. I.
Kuylenstierna, C. de la Sota Sandez, and E. N. Lefévre, "Integration of climate change
mitigation and sustainable development planning: Lessons from a national planning
process in Nigeria," Environmental Science & Policy, vol. 125, pp. 66-75, Nov. 2021.
Available: https://doi.org/10.1016/j.envsci.2021.08.022.

E. N. Leichenko, "Climate change and urban resilience," Urban Climate, vol. 3, pp. 47-65,
2011. https://doi.org/10.1016/j.cosust.2010.12.014

L. H. Hallegatte, C. Rentschler, and J. Rozenberg, "Building back better: Achieving
resilience through stronger, faster, and more inclusive post-disaster reconstruction,"
World Bank Group, 2018.

W. Luo, M. Sandanayake, L. Hou, Y. Tan, and G. Zhang, "A systematic review of green
construction research using scientometrics methods," Journal of Cleaner Production, vol.
366, p. 132710, Sept. 2022. Available: https://doi.org/10.1016/j.jclepro.2022.132710.

P. Datta and B. Behera, "Assessment of adaptive capacity and adaptation to climate
change in the farming households of Eastern Himalayan foothills of West Bengal, India,"
Environmental Challenges, vol. 7, p. 100462, Apr. 2022. Available:
https://doi.org/10.1016/j.envc.2022.100462.

D. R. Liyanage, K. Hewage, S. A. Hussain, F. Razi, and R. Sadiq, "Climate adaptation of
existing buildings: A critical review on planning energy retrofit strategies for future
climate," Renewable and Sustainable Energy Reviews, vol. 199, p. 114476, July 2024.
Available: https://doi.org/10.1016/j.rser.2024.114476.

D. PlaNYC, "Rebuild by Design: Building resilience in post-disaster recovery," City of New
York, 2013.

S. S. Ekoh, L. Teron, I. Ajibade, and S. Kristiansen, "Flood risk perceptions and future
migration intentions of Lagos residents," International Journal of Disaster Risk Reduction,
vol. 83, p. 103399, Dec. 2022. Available: https://doi.org/10.1016/j.ijdrr.2022.103399.

O. B. Adegun, A. E. lkudayisi, T. E. Morakinyo, and O. O. Olusoga, "Urban green
infrastructure in Nigeria: A review," Scientific African, vol. 14, p. e01044, Nov. 2021.
Available: https://doi.org/10.1016/j.sciaf.2021.e01044.

W. H. Beitelmal, S. C. Nwokolo, E. L. Meyer, and C. C. Ahia, "Exploring adaptation
strategies to mitigate climate threats to transportation infrastructure in Nigeria: Lagos city
as a case study,” Climate, vol. 12, no. 8, p. 117, 2024. Available:
https://doi.org/10.3390/cli12080117.

P. E. A. Omojola, "Case study: The challenges of climate change for Lagos, Nigeria,"
Current Opinion in Environmental Sustainability, vol. 13, pp. 74-78, Apr. 2015. https://doi:
10.1016/j.cosust.2015.02.008.

J. Rijke, S. van Herk, and C. Zevenbergen, "Room for the River: Delivering integrated river
basin management in the Netherlands," International Journal of River Basin Management,
vol. 10, no. 4, pp. 369-382, Dec. 2012. https://doi: 10.1080/15715124.2012.739173.

N. Ahmed, M. Abdel-Hamid, M. M. Abd El-Razik, and K. M. El-Dash, "Impact of sustainable
design in the construction sector on climate change," Ain Shams Engineering Journal, vol.
12, no. 2, pp. 1375-1383, June 2021. Available: https://doi.org/10.1016/j.asej.2020.11.002.
O. P. Agboola, B. S. Alotaibi, Y. A. Dodo, M. A. Abuhussain, and M. Abuhussain, "Built
environment transformation in Nigeria: The effects of a regenerative framework," Journal

JOSC - VoL. 4 No. 1 OcTOBER 2024



Unegbu et al. 75

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[39]

[40]

of Asian Architecture and Building Engineering, vol. 22, no. 5, pp. 789-812, 2023.
Available: https://doi.org/10.1080/13467581.2023.2238045.

M. Alhassan, A. Alkhawaldeh, N. Betoush, A. Sawalha, L. Amaireh, and A. Onaizi,
"Harmonizing smart technologies with building resilience and sustainable built
environment systems," Results in Engineering, vol. 22, p. 102158, June 2024. Available:
https://doi.org/10.1016/j.rineng.2024.102158

B. Azevedo de Almeida and A. Mostafavi, "Resilience of infrastructure systems to sea-level
rise in coastal areas: Impacts, adaptation measures, and implementation challenges,"
Sustainability, vol. 8, no. 11, p. 1115, 2016. Available: https://doi.org/10.3390/su8111115.
S. M. H. S. Rezvani, N. Marques de Almeida, and M. J. Falcdo, "Climate adaptation
measures for enhancing urban resilience," Buildings, vol. 13, no. 9, p. 2163, 2023.
Available: https://doi.org/10.3390/buildings13092163.

G. Blyiikdzkan, O. llicak, and O. Feyzioglu, "A review of urban resilience literature,"
Sustainable Cities and Society, vol. 77, p. 103579, Feb. 2022. Available:
https://doi.org/10.1016/j.scs.2021.103579.

U. L. Dano, I. R. Abubakar, F. S. AIShihri, S. M. S. Ahmed, T. |. Alrawaf, and M. S.
Alshammari, "A multi-criteria assessment of climate change impacts on urban
sustainability in Dammam Metropolitan Area, Saudi Arabia," Ain Shams Engineering
Journal, vol. 14, no. 9, p. 102062, Sept. 2023. Available:
https://doi.org/10.1016/j.asej.2022.102062.

E. Friedman, "Constructing the adaptation economy: Climate resilient development and
the economization of vulnerability," Global Environmental Change, vol. 80, p. 102673, May
2023. Available: https://doi.org/10.1016/j.gloenvcha.2023.102673.

N. Creswell, Research Design: Qualitative, Quantitative, and Mixed Methods Approaches,
4th ed., Sage Publications, 2014.

S. Borenstein, H. Rothstein, and J. Cohen, Introduction to Meta-Analysis, 2nd ed., Wiley,
20009.

B. Kitchenham, O. P. Brereton, D. Budgen, M. Turner, J. Bailey, and S. Linkman,
"Systematic literature reviews in software engineering — A systematic literature review,"
Information and Software Technology, vol. 51, no. 1, pp. 7-15, Jan. 2009. Available:
https://doi.org/10.1016/j.infsof.2008.09.009.

R. Marto, C. Papageorgiou, and V. Klyuev, "Building resilience to natural disasters: An
application to small developing states," Journal of Development Economics, vol. 135, pp.
574-586, Nov. 2018. Available: https://doi.org/10.1016/j.jdeveco.2018.08.008.

N. Allarané, A. J. Atchadé, and T.-R. N’Dilbé, "Integrating climate change adaptation
strategies into urban policies for sustainable city resilience: Barriers and solutions in the
Central African city of N'Djaména," Sustainability, vol. 16, no. 13, p. 5309, 2024. Available:
https://doi.org/10.3390/su16135309.

B.-J. He, "Green building: A comprehensive solution to urban heat," Energy and Buildings,
vol. 271, p. 112306, Sept. 2022. Available: https://doi.org/10.1016/j.enbuild.2022.112306.
S. Verweij, T. Busscher, and M. van den Brink, "Effective policy instrument mixes for
implementing integrated flood risk management: An analysis of the ‘Room for the River’
program," Environmental Science & Policy, vol. 116, pp. 204-212, Feb. 2021. Available:
https://doi.org/10.1016/j.envsci.2020.12.003.

L. M. Abadie, L. P. Jackson, E. Sainz de Murieta, S. Jevrejeva, and |. Galarraga,
"Comparing urban coastal flood risk in 136 cities under two alternative sea-level
projections: RCP 8.5 and an expert opinion-based high-end scenario," Ocean & Coastal
Management, vol. 193, p. 1052409, Aug. 2020. Available:
https://doi.org/10.1016/j.ocecoaman.2020.105249.

JOSC - VoL. 4 No. 1 OcTOBER 2024



76

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Unegbu et al.

Q. Fu, Z. Zheng, M. N. I. Sarker, and Y. Lv, "Combating urban heat: Systematic review of
urban resilience and adaptation strategies," Heliyon, vol. 10, no. 17, p. 37001, Sept. 2024.
Available: https://doi.org/10.1016/j.heliyon.2024.e37001

A. Fernandez-Perez, |. J. Losada, and J. L. Lara, "A framework for climate change
adaptation of port infrastructures," Coastal Engineering, vol. 191, p. 104538, Aug. 2024.
Available: https://doi.org/10.1016/j.coastaleng.2024.104538.

V. Braun and V. Clarke, "Using thematic analysis in psychology," Qualitative Research in
Psychology, vol. 3, no. 2, pp. 77-101, 2006.

X. Tanguay and B. Amor, "Assessing the sustainability of a resilient built environment:
Research challenges and opportunities," Journal of Cleaner Production, vol. 458, p.
142437, June 2024. Available: https://doi.org/10.1016/j.jclepro.2024.142437 .

J. Borenstein, L. Hedges, and H. Rothstein, Comprehensive Meta-Analysis: A Systematic
Review Approach, 3rd ed., Wiley, 2009.

V. D’Ambrosio, F. Di Martino, and E. Tersigni, "Towards climate resilience of the built
environment: A GIS-based framework for the assessment of climate-proof design solutions
for buildings," Buildings, wvol. 13, no. 7, p. 1658, 2023. Available:
https://doi.org/10.3390/buildings13071658.

A. M. Matos, P. Milheiro-Oliveira, and M. Pimentel, "Eco-efficient high performance white
concrete incorporating waste glass powder," Construction and Building Materials, vol. 411,
p. 134556, Jan. 2024. Available: https://doi.org/10.1016/j.conbuildmat.2023.134556.

JOSC - VoL. 4 No. 1 OcTOBER 2024



