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ABSTRACT
[bookmark: _Hlk188449393]This study explores the awareness, adoption, benefits, and challenges associated with the implementation of green space roofs in Ilorin, Nigeria. The research aims to examine the current level of awareness and adoption, evaluate the perceived benefits, and identify challenges and opportunities for sustainable integration of green roofs in urban development. Using a descriptive survey design, data were collected from 80 respondents through structured questionnaires and analysed using frequency distribution, mean scores, and Chi-Square inferential statistics.Findings reveal that while awareness of green space roofs is relatively high (70%), actual adoption remains low at only 22.5%. Respondents widely acknowledged benefits such as reduction in building temperature, enhanced environmental quality, and improved aesthetic appeal, with mean scores of 4.35, 4.32, and 4.20 respectively. However, adoption is hindered by challenges including high installation costs (65%), lack of government incentives (55%), and insufficient expertise (47.5%). A Chi-Square test confirmed a significant relationship between awareness and adoption (χ² = 21.78, p = 0.000).The study concludes that while public perception is favourable, adoption is constrained by economic and policy-related barriers. It recommends a multi-sectorial strategy involving incentives, training, and regulatory support to promote wider uptake of green roofing systems in Ilorin.
Keywords: Green space roofs, awareness, adoption, urban sustainability, environmental benefits, Ilorin, installation cost, government incentives, green infrastructure, Chi-Square analysis
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CHAPTER ONE 
1.0 INTRODUCTION
1.1 Background to the Study
Urbanization has become a significant trend globally, with over half of the world’s population now residing in urban areas (United Nations, 2022). This shift has led to increased demand for land, housing, and infrastructure, often at the expense of green spaces. As cities expand vertically and horizontally, the ecological balance is threatened, contributing to urban heat islands, pollution, and deteriorating living conditions (Li et al., 2019). In response, the integration of green infrastructure, such as green roofs, has gained attention as a sustainable urban development strategy.
Green roofs, also known as vegetated roofs or eco-roofs, are roof surfaces covered with vegetation planted over a waterproof membrane. They serve multiple functions, including stormwater management, insulation, air quality improvement, and enhancement of urban aesthetics (Berardi, 2016). Beyond environmental benefits, green roofs contribute significantly to building performance by improving thermal comfort, reducing energy costs, and extending roof lifespan (Sailor et al., 2012).
In developing countries like Nigeria, where rapid urban growth often outpaces environmental planning, green infrastructure solutions are not widely adopted (Adebayo &Akinola, 2020). However, recent awareness of climate change, urban flooding, and energy inefficiency has begun to shift attention toward sustainable building practices. In Ilorin, the capital of Kwara State, urban development has led to a decline in natural vegetation, making green roofs a potentially transformative solution for improving building performance and urban livability.
Urban stressors in Nigerian cities include increased surface temperatures, insufficient drainage systems, energy inefficiencies, and limited vegetation cover (Ogunleye&Olalekan, 2021). These challenges highlight the necessity of integrating climate-resilient solutions like green roofs into the urban development framework. By mitigating the effects of urban heat islands and offering natural insulation, green roofs serve as adaptive measures to ongoing climatic and infrastructural pressures.
Green space roofs are engineered systems that incorporate vegetation layers over a waterproofed substrate on top of conventional roofing structures. They serve multifunctional roles, including temperature regulation, stormwater management, biodiversity enhancement, and aesthetic improvement of buildings (Sailor et al., 2012; Vijayaraghavan, 2016). In regions with tropical climates, such as Nigeria, green roofs have the potential to significantly reduce the thermal load on buildings, thereby lowering energy demand and enhancing indoor comfort (Akintoye&Ojo, 2022).
Despite their well-documented benefits, the adoption of green roofs in Nigerian cities remains low. Factors contributing to this include high initial installation costs, lack of technical expertise, limited public awareness, and the absence of regulatory frameworks to support sustainable building practices (Olaniyi et al., 2020; Bamidele, 2021). In Ilorin, building practices remain largely traditional, with limited integration of climate-adaptive features such as vegetated roofs (Olayiwola&Fadamiro, 2023).
Given the growing environmental pressures and urban planning challenges in Ilorin, it is critical to assess the potential of green space roofs as a viable solution for sustainable urban development. This study seeks to evaluate the current level of awareness, perceived benefits, and barriers to adoption of green roofs among built environment professionals and residents in Ilorin.
By identifying the factors influencing adoption and examining the environmental and functional performance of green roofs, the study aims to contribute to the discourse on sustainable architectural innovations in Nigeria. It further provides evidence-based recommendations that could inform urban development policies and practices towards climate-adaptive, eco-friendly infrastructure in Nigerian cities.
1.2 Statement of the Problem
Rapid urbanization and population growth in Nigerian cities have led to increasing pressure on land and infrastructure, often at the expense of environmental quality and thermal comfort in urban buildings. In Ilorin, Kwara State, unregulated urban development and poor integration of sustainable building practices have contributed to elevated surface temperatures, energy inefficiencies, and reduced environmental livability. Most conventional buildings in the city rely on impermeable roofing systems that absorb and retain heat, exacerbating the urban heat island effect and increasing the need for mechanical cooling systems thus compounding energy demand and carbon emissions (Ogunleye&Olalekan, 2021).
Globally, green roofs have emerged as an innovative solution to mitigate these challenges, offering thermal insulation, stormwater management, improved air quality, and biodiversity support (Berardi, 2016; Sailor et al., 2012). However, the level of adoption in Nigeria remains extremely low, especially in secondary cities like Ilorin. While there is growing academic and professional awareness of the benefits of green infrastructure, limited practical implementation persists due to financial constraints, absence of policy support, lack of technical expertise, and misconceptions about its viability in the local context (Bamidele, 2021; Olayiwola&Fadamiro, 2023).
Despite the potential of green space roofs to serve as sustainable interventions in Ilorin’s built environment, there is a dearth of empirical data on stakeholder awareness, perceived benefits, and the practical challenges of implementation. Most existing studies on green roofs are focused on megacities like Lagos and Abuja, with limited attention to smaller urban centers facing similar ecological pressures but with fewer resources and regulatory structures (Adebayo &Akinola, 2020; Olaniyi et al., 2020). This knowledge gap presents a significant barrier to scaling sustainable roofing solutions in these areas.
Therefore, there is an urgent need to assess the current status of green roof awareness, adoption, and performance in Ilorin. By identifying the barriers and opportunities associated with this intervention, the study seeks to contribute actionable knowledge that can guide urban policy, inform professional practice, and promote the integration of green infrastructure into Ilorin’s rapidly changing urban landscape.
1.3 Aim and Objectives of the Study
Aim 
The aim of this study is to assess the impact of green space roofs on urban buildings in Ilorin, Kwara State.
Objectives:
The specific objectives of the study are to:
1. Examine the current level of awareness and adoption of green space roofs in Ilorin.
2. Evaluate the environmental benefits of green roofs on urban buildings.
3. Assess the functional performance of green roofs in terms of thermal regulation and energy efficiency.
4. Identify the challenges and opportunities associated with the implementation of green roofs in Ilorin.
1.4 Research Questions
1. What is the level of awareness and adoption of green space roofs among residents and professionals in Ilorin?
2. What environmental benefits do green roofs offer to urban buildings in Ilorin?
3. How do green roofs affect thermal comfort and energy use in urban buildings?
4. What are the challenges and prospects for integrating green roofs in Ilorin’s urban infrastructure?
1.5 Significance of the Study
This study contributes to sustainable urban development discourse by providing empirical data on the viability of green roofs in a Nigerian city. The findings will benefit:
· Policy makers, by informing urban planning and environmental policies.
· Architects and builders, by offering insights into sustainable roofing alternatives.
· Homeowners and developers, by highlighting potential cost and energy savings.
· Researchers, by filling a gap in literature related to green roofs in sub-Saharan Africa.
1.6 Scope of the Study
This study is limited to selected urban buildings within Ilorin metropolis. It focuses on existing and potential green roof projects, evaluating their environmental and architectural performance. The study considers both residential and commercial structures.
1.7 Definition of Terms
To enhance clarity and eliminate ambiguity, the following key terms used in this study are operationally defined:
· Green Roofs (Green Space Roofs): Engineered roofing systems that involve the cultivation of vegetation on rooftops, typically over a waterproof membrane, with components such as soil substrate, drainage layers, and root barriers. Green roofs are categorized into extensive and intensive systems based on soil depth and maintenance requirements.
· Urban Heat Island (UHI): A phenomenon where urban areas experience significantly higher temperatures than surrounding rural areas due to heat-absorbing surfaces like concrete and asphalt, limited vegetation, and anthropogenic heat sources.
· Thermal Regulation: The ability of a building component or system, such as a green roof, to moderate internal temperatures by reducing heat gain or loss, thereby enhancing indoor comfort and reducing energy demand for cooling or heating (Sailor et al., 2012).
· Stormwater Management: The process of controlling surface runoff from precipitation to reduce flooding, improve water quality, and minimize erosion. Green roofs contribute to stormwater management by retaining and slowly releasing rainwater (Berardi, 2016).
· Sustainable Building Practices: Construction and design methods aimed at reducing negative environmental impacts while enhancing resource efficiency throughout a building’s life cycle. These include the use of renewable materials, energy-efficient systems, and eco-friendly technologies such as green roofs (Adebayo &Akinola, 2020).
· Awareness: The level of knowledge, familiarity, or understanding that individuals or groups possess regarding a concept or technology. In this study, awareness refers to the extent to which professionals and residents in Ilorin know about green roof systems and their benefits.
· Adoption: The decision and action by individuals, organizations, or institutions to implement or recommend green roof systems in building design, construction, or renovation projects. It implies a shift from conceptual understanding to practical usage.
· Built Environment: All human-made surroundings that provide the setting for human activity, including buildings, parks, infrastructure, and urban spaces. This term is used in the study to refer to the physical structures and spaces within Ilorin’s urban context.




CHAPTER TWO 
2.0 LITERATURE REVIEW
2.1 Concept of Green Roofs
Green roofs, also referred to as vegetated roofs or living roofs, are engineered rooftop systems that support the growth of vegetation above a waterproof membrane. These systems serve as sustainable alternatives to traditional roofing structures, blending architectural innovation with environmental responsibility. According to Getter and Rowe (2006), green roofs consist of multiple functional layers including a waterproof membrane, root barrier, drainage layer, filter fabric, growing medium, and a vegetation layer. Each component plays a crucial role in ensuring structural integrity, water management, and plant health.
The classification of green roofs generally falls into two main categories: extensive and intensive. Extensive green roofs are characterized by their low weight, minimal maintenance needs, and shallow substrate layers typically less than 15 centimeters. They are designed mainly for environmental benefits such as thermal regulation, air purification, and stormwater runoff reduction. In contrast, intensive green roofs support a greater diversity of plant species, including shrubs and small trees, due to their deeper soil profiles and higher load-bearing requirements. These roofs are often accessible and utilized for recreational or aesthetic purposes (Oberndorfer et al., 2007).
One of the significant benefits of green roofs is their contribution tourban sustainability. Urban areas are frequently affected by the urban heat island (UHI) effect due to large expanses of impervious surfaces. Green roofs mitigate UHI by absorbing solar radiation, increasing evapotranspiration, and providing insulation, which collectively reduce ambient temperatures (Sailor, 2008). In addition, they play a vital role in enhancing energy efficiency by decreasing the need for artificial cooling in buildings, which leads to lower greenhouse gas emissions and utility costs (Berardi, 2016).
Green roofs also improve stormwater management by reducing peak runoff volumes and delaying discharge times. This function is especially important in cities with aging stormwater infrastructure or areas prone to flooding. By retaining rainwater within the substrate layer and slowly releasing it, green roofs alleviate the pressure on municipal drainage systems and reduce pollutant loads entering water bodies (Mentens, Raes&Hermy, 2006). As cities grow more densely populated, integrating such systems becomes increasingly relevant in climate-resilient urban design.
Moreover, green roofs offer ecological and aesthetic benefits. They provide habitat for birds, insects, and pollinators, thereby enhancing urban biodiversity. From a psychological and social perspective, access to green spaces whether visual or physical can improve mental health, reduce stress, and promote a sense of well-being among urban dwellers (Van den Berg, Hartig&Staats, 2007). As such, green roofs align with broader goals of sustainable development and human-centered urban planning.
2.2 Historical Development of Green Roofs
The concept of integrating vegetation with building structures dates back to ancient civilizations. One of the earliest known examples is the Hanging Gardens of Babylon, often cited as a precursor to the modern green roof. Although much of its historical details remain speculative, it exemplifies how vegetation was historically used in architectural forms for both aesthetic and environmental benefits (Dunnett& Kingsbury, 2004). These early implementations demonstrated a recognition of the value of integrating nature into the built environment, even if the technologies available at the time were rudimentary by modern standards.
Modern green roofing as we know it today began to take shape in the early 20th century. However, it was not until the 1960s that significant advancements occurred, particularly in Germany. Spurred by growing environmental awareness and supported by state policy and research, Germany pioneered the systematic development of green roofs through the integration of engineered drainage layers, waterproof membranes, and vegetative components (Köhler, 2006). The government incentivized the installation of green roofs through subsidies and building codes, fostering a robust industry with specialized contractors, materials, and standards.
The success of the German model influenced other developed nations to adopt green roofing practices. Across Europe, countries such as Switzerland, Austria, and the Netherlands implemented similar policies. In North America, green roofs began gaining momentum in the late 1990s, driven by growing interest in sustainable urban development and climate adaptation strategies. Cities like Toronto, New York, and Chicago have since implemented building regulations and incentive programs to encourage green roof installation (Rowe, 2011). In Asia, countries like Japan and Singapore have also embraced green roofs, integrating them into urban sustainability frameworks and vertical greening policies (Yok Tan &Sia, 2005).
In contrast, the African continent has seen slower adoption of green roof technologies. Factors such as high initial costs, lack of local expertise, inadequate policy frameworks, and limited public awareness have contributed to the underdevelopment of green roof practices in many African cities (Adebayo &Akinola, 2020). In addition, climatic variability, informal urban settlements, and resource constraints further complicate implementation. Nonetheless, there is a growing recognition of the potential of green infrastructure in addressing challenges such as flooding, urban heat, and biodiversity loss in African cities.
In Nigeria, interest in green roofs is gradually emerging within academic, architectural, and environmental circles. Researchers and practitioners are beginning to explore the feasibility of adapting green roof technologies to local conditions, particularly in rapidly urbanizing areas. Universities and professional bodies are increasingly incorporating sustainability principles into design curricula and standards. While adoption remains limited at the implementation level, the discourse on green roofs is expanding, indicating a shift towards environmentally conscious urban planning (Ede, Akinluyi&Osagie, 2021). The integration of green roofing in Nigeria's built environment will require collaborative efforts among policymakers, researchers, industry experts, and the general public.
2.3 Benefits of Green Roofs
Numerous studies have documented the multifaceted benefits of green roofs, which can be categorized as follows:
2.3.1 Environmental Benefits
Green roofs contribute significantly to urban ecological sustainability by reducing urban heat islands, improving air quality, and enhancing biodiversity (Li et al., 2019). The vegetation layer acts as a carbon sink, sequestering CO₂ and filtering airborne pollutants. Moreover, green roofs mitigate stormwater runoff, thus preventing urban flooding by absorbing and slowly releasing rainwater (Mentens, Raes, &Hermy, 2006).
2.3.2 Thermal and Energy Efficiency
A key advantage of green roofs is their ability to regulate indoor temperatures. By providing insulation and reducing heat gain, green roofs contribute to energy savings, particularly in buildings that rely heavily on air conditioning (Sailor et al., 2012). This is particularly relevant in tropical climates like Ilorin, where high temperatures contribute to energy inefficiency.
2.3.3 Aesthetic and Psychological Benefits
Green roofs improve the visual quality of urban spaces and can contribute to the mental well-being of residents by providing access to green environments in densely built-up areas (Tzoulas et al., 2007). This aligns with the biophilic design approach, which promotes human-nature connection in urban settings.
2.4 Challenges and Limitations of Green Roofs
While green roofs offer significant environmental and social benefits, their adoption is hindered by a range of challenges, particularly in cost, technical implementation, and policy frameworks. One of the primary barriers is the high initial installation cost, which is considerably greater than that of conventional roofing systems. This includes expenses related to structural reinforcements, waterproofing systems, drainage layers, and specialized growing mediums. According to Zhao et al. (2014), the capital cost of a green roof can be two to three times that of a traditional roof, although life-cycle cost analyses often show long-term savings through energy efficiency and extended roof lifespan.
Another major challenge is the structural loading capacity of buildings. Green roofs, particularly intensive types, add significant dead loads due to the weight of soil, water, and vegetation. Not all existing structures are designed to handle such loads, requiring retrofitting or reinforcement before installation can occur. This limits the feasibility of green roof implementation in older buildings or informal urban development’s where structural integrity is uncertain (Castleton et al., 2010). Additionally, poor design or material failure can lead to water leakage and root intrusion, which may damage the structural elements of the building if not properly managed.
Maintenance requirements also present a significant limitation. Although extensive green roofs require less frequent care, both intensive and extensive systems need routine inspections for weeding, irrigation, drainage clearance, and membrane integrity checks. Lack of maintenance can lead to plant death, drainage failure, and eventual structural deterioration. This is particularly problematic in regions with limited availability of trained professionals or where green roofing is a relatively new concept. Zhao et al. (2014) emphasize that the absence of skilled manpower and industry standards increases the risk of poor installations and maintenance practices.
In developing countries like Nigeria, green roof implementation faces additional context-specific barriers. These include a lack of policy support, minimal public and professional awareness, and the absence of comprehensive regulatory frameworks. Despite the increasing need for sustainable infrastructure, Nigeria's urban development policies have yet to integrate green roofing into mainstream planning guidelines (Adebayo &Akinola, 2020). This regulatory gap limits institutional support, investment, and innovation in green building technologies.
Environmental and climatic factors may pose challenges. In arid or semi-arid regions, for example, water scarcity makes irrigation-intensive green roofs impractical unless drought-resistant species and water-efficient systems are used. Moreover, cultural perceptions and preferences for conventional construction materials often result in resistance to alternative roofing systems. Addressing these limitations will require integrated efforts involving government policies, technical training, financial incentives, and public education to create an enabling environment for green roof adoption, especially in developing countries.
2.5 Green Roofs in the Nigerian Context
In Nigeria, the adoption of green roofs remains at a nascent stage, with limited implementation and minimal empirical data to support large-scale promotion. Although the global conversation around sustainable architecture has gained traction, green roofing remains largely unexplored in Nigeria's urban planning frameworks. Recent studies, however, point to a growing interest among architects, urban planners, and environmental researchers in integrating green infrastructure solutions into Nigerian cities (Akande et al., 2021). This interest is rooted in the urgent need to address challenges such as rising urban temperatures, inadequate green space, and poor stormwater management.
Ilorin, the capital of Kwara State, provides a microcosmic view of the potential for green roofs in mid-sized Nigerian cities. The city has witnessed rapid urban growth in recent years, leading to the replacement of natural vegetation with concrete and asphalt surfaces. This trend contributes to the urban heat island effect, increased surface runoff, and declining urban biodiversity. Green roofs could serve as a practical mitigation strategy by reintroducing vegetation into the built environment, reducing rooftop temperatures, enhancing stormwater retention, and improving air quality (Ede et al., 2021).
Despite these potential benefits, several barriers inhibit the widespread adoption of green roofs in Nigeria. Key among them is low public awareness. Many developers, architects, and property owners are unfamiliar with green roofing technologies, their benefits, and the technical requirements for implementation. Additionally, there is a cultural preference for conventional roofing systems, such as corrugated iron sheets and concrete slabs, which are perceived to be more affordable and reliable. This perception is reinforced by the absence of case studies or demonstration projects that showcase the performance of green roofs under Nigerian climatic conditions.
Economic constraints further complicate adoption efforts. The higher initial cost of green roof systems is a significant deterrent in a market that prioritizes low-cost construction. With over 70% of urban housing developed through informal or private funding, budget limitations often exclude green technology considerations (Ajayi et al., 2020). Moreover, local supply chains for green roof components such as waterproof membranes, drainage materials, and specialized soils are underdeveloped, leading to dependence on imported materials and increased costs.
To promote green roofing in Nigeria, a multifaceted strategy is required. First, policies and incentives that support sustainable construction must be enacted and enforced at federal and state levels. Second, awareness campaigns and professional training programs should be launched to build capacity across architectural and construction disciplines. Third, pilot projects, particularly on public buildings such as schools and government offices, could demonstrate feasibility and cost-effectiveness. As climate change, urban flooding, and heat stress become more pronounced, integrating green roof systems into Nigeria's urban development agenda presents a viable path toward resilient and sustainable cities.
2.6 Theoretical Framework
This study is underpinned by the Sustainable Urban Development Theory, which emphasizes the integration of environmental integrity, economic viability, and social equity in the urban development process (Campbell, 1996). The theory suggests that for cities to remain viable over time, urban planning and development must consider not only economic growth but also environmental preservation and social inclusion. Green infrastructure, including green roofs, embodies this triadic sustainability model by providing ecological services, promoting economic savings through energy efficiency, and enhancing social well-being through improved urban livability.
The concept of "the planner’s triangle" proposed by Scott Campbell (1996) offers a valuable lens through which to examine the conflicts and synergies among sustainability goals. The triangle illustrates the often competing priorities of economic development, environmental protection, and social equity. Green roofs, as a component of sustainable urban infrastructure, serve as a point of convergence among these three dimensions. They reduce urban heat islands and manage stormwater (environmental), create green jobs and increase property values (economic), and offer aesthetic and health benefits to urban populations (social), making them a practical application of the theory.
In recent years, the ecosystem services framework, which is often associated with sustainable urbanism, has gained prominence in supporting the theoretical basis for green infrastructure. According to Bolund and Hunhammar (1999), urban ecosystems provide essential services such as climate regulation, air purification, noise reduction, and recreational spaces. Green roofs contribute directly to the delivery of these services by enhancing urban biodiversity and improving microclimates. Thus, integrating green roofs into urban buildings supports the theoretical stance that cities must be planned and designed in a way that mimics and supports natural systems.
Moreover, the resilience theory complements the Sustainable Urban Development Theory by emphasizing the capacity of urban systems to absorb shocks and adapt to change (Ahern, 2011). In this context, green roofs contribute to urban resilience by mitigating the impacts of climate change, such as extreme heat and flooding. They act as buffer systems in the built environment, allowing cities like Ilorin to adapt to increasing environmental pressures while sustaining urban functions. Therefore, this theoretical linkage emphasizes that sustainable development is not static but adaptive and regenerative.
2.7 Empirical Review
Empirical evidence from a wide range of geographical contexts supports the argument that green roofs are effective in enhancing urban sustainability. For example, Berardi (2016) conducted a meta-analysis of green roof performance across different climates and found that green roofs can reduce building energy consumption by approximately 25% in summer and 10% in winter in temperate climates. This is attributed to the insulating properties of the vegetation layer, which reduces heat gain in hot weather and conserves warmth during colder periods. The implication is that green roofs serve as a viable passive design strategy for improving energy efficiency in urban buildings.
In tropical climates, where high solar radiation is a dominant climatic feature, green roofs have also demonstrated substantial cooling effects. Tan and Sia (2005), in a study conducted in Singapore, reported that green roofs reduced indoor temperatures by up to 5°C, thereby minimizing the need for mechanical ventilation. Similarly, Wong et al. (2003) found that buildings with green roofs exhibited better thermal performance compared to those with conventional roofing systems. These findings are relevant to Ilorin’s tropical Savana climate, suggesting the potential applicability of green roofs for reducing indoor heat and improving comfort.
Other studies have explored the ecological and environmental benefits of green roofs, including their ability to manage stormwater and enhance biodiversity. For instance, Getter and Rowe (2006) observed that extensive green roofs helped in reducing stormwater runoff by 50% to 60%, thus mitigating urban flooding. This is especially significant in cities like Ilorin where poor drainage infrastructure often exacerbates flood risk during heavy rainfall. Furthermore, Oberndorfer et al. (2007) emphasized the role of green roofs in supporting urban wildlife habitats and contributing to ecological restoration in built environments.
Economic assessments of green roof adoption have also been carried out. Carter and Keeler (2008) evaluated the cost-benefit analysis of green roofs in the south-eastern United States and found that, over a 40-year life span, green roofs provide a positive net present value due to energy savings, extended roof lifespan, and stormwater fee reductions. However, the initial installation cost remains a major barrier, particularly in low- and middle-income countries. This underscores the need for contextual studies that examine economic viability in specific settings, including cities like Ilorin where capital investment constraints may limit adoption.
While the above studies provide robust empirical backing for the benefits of green roofs, most are based in developed or technologically advanced urban centres. There remains a significant gap in empirical data specific to secondary cities in sub-Saharan Africa. Consequently, this study seeks to fill this gap by assessing how green roofs perform under the environmental, economic, and social conditions unique to Ilorin, Kwara State. Factors such as construction materials availability, maintenance culture, user awareness, and climatic suitability must be considered to evaluate the local feasibility and overall sustainability of green roofing systems.





CHAPTER THREE 
3.0 RESEARCH METHODOLOGY
3.1 Introduction
This chapter outlines the research methodology adopted in this study. It provides a detailed explanation of the research design, population of the study, sample and sampling technique, method of data collection, research instruments, validity and reliability of the instrument, method of data analysis, and ethical considerations. The approach is aimed at ensuring that the study is scientifically rigorous and yields reliable results for assessing the impact of green space roofs on urban buildings in Ilorin, Kwara State.
3.2 Research Design
The study adopts a descriptive survey research design, which is suitable for studies aiming to gather information about current practices, perceptions, and challenges. This design allows the researcher to systematically collect data from a sample of respondents and make inferences about the larger population (Creswell & Creswell, 2018). The survey method enables both quantitative and qualitative insights to be gathered concurrently.
3.3 Population of the Study
The population of the study comprises building owners 20, residents 10, architects 15, builders25, urban planners 5, and environmental engineers 5 in Ilorin metropolis. This includes professionals in the construction industry and individuals involved in or affected by the design, construction, and maintenance of building rooftops.
3.4 Sample Size and Sampling Technique
A purposive and stratified random sampling technique was employed to select respondents across key stakeholder groups. Ilorin is stratified into its three Local Government Areas (Ilorin East, Ilorin West, and Ilorin South), and samples were drawn from each LGA to ensure geographic representation.
Using Yamane’s (1967) sample size formula for a known population size:
Where:
· n = sample size
· N = population size (estimated at 100 building professionals and stakeholders)
· e = margin of error (0.05)

Thus, the study sample size is 80 respondents.
3.5 Research Instruments
The primary instrument used for data collection is a structured questionnaire, supplemented by semi-structured interviews for selected key informants. The questionnaire is divided into five sections:
· Section A: Demographic Information
· Section B: Awareness and Adoption of Green Roofs
· Section C: Environmental and Functional Benefits
· Section D: Challenges and Barriers
· Section E: Perceptions and Recommendations
The interview guide focuses on in-depth discussions with selected professionals to gain nuanced understanding of implementation challenges and policy perspectives.

3.6 Method of Data Collection
Data were collected through direct administration of questionnaires and face-to-face interviews. Trained research assistants assisted with the distribution and retrieval of the questionnaires to ensure a high response rate and accuracy of responses. The interviews were recorded with consent and later transcribed for thematic analysis.
3.7 Method of Data Analysis
Quantitative data obtained from the questionnaires were analysed using the Statistical Package for the Social Sciences (SPSS) version 26. Descriptive statistics such as frequency, mean, and standard deviation were used to summarize responses. Inferential statistics (e.g., Chi-square tests) were employed to test associations between variables.
Qualitative data from interviews were analysed thematically. Emerging themes were coded and synthesized to complement the quantitative findings and provide a holistic understanding of the research problem.



CHAPTER FOUR
DATA ANALYSIS AND INTERPRETATION
4.1 Introduction
This chapter presents and analyses the data collected from the respondents through the administered questionnaires and interviews. The analysis is structured in line with the research objectives and questions. Both descriptive and inferential statistics were employed. Data are presented using frequency tables, percentages, mean scores, and charts. The qualitative data from interviews are analysed thematically to support or contrast the quantitative findings.
4.2 ANALYSIS AND PRESENTATION OF RESULTS.
The descriptive and inferential statistics were employed for this research the method of analysis will follow the structure set out in the questionnaire in order to achieve the objectives of the research. 
Questionnaire response 
In order to achieve the objectives of this research, 80 questionnaires were administered tobuilding owners, residents, architects, builders, urban planners, and environmental engineersinIlorin Metropolitan.
Table 4.1: Distribution of Questionnaires 
	Types of response 
	Frequency (No.)
	Percentage (%)

	Number distributed 
	80
	100

	Number properly completed and returned 
	80
	100

	Number not returned 
	0
	0


Source: Research survey, 2025
Table 4.1 presents the summary of questionnaire distribution and response rate for the study. Out of the 80 questionnaires distributed, all were properly completed and returned, representing a 100% response rate. This high response rate suggests a strong level of engagement from the respondents, which enhances the reliability and validity of the data collected for the study.
Table 4.2 Gender Composition
	Gender
	Frequency
	Percentage (%)

	Male
	50
	62.5%

	Female
	30
	37.5%

	Total
	80
	100%


Source: Research survey, 2025
Table 4.2 shows that 62.5% of the respondents were male, while 37.5% were female. This indicates a higher participation rate from males in the survey, which may reflect the gender composition of the urban residents or stakeholders engaged in building and environmental issues within Ilorin, Kwara State.
Table 4.3: Age Distribution of Respondents
	Age Range
	Frequency (No.)
	Percentage (%)

	18 - 30 years
	25
	31.1%

	31-45 years
	35
	43.8%

	46+ years
	20
	25.0%

	Total
	80
	100%


Source: Research survey, 2025
The data reveals that the majority of respondents fall within the 31–45 years age range (43.8%), followed by those aged 18–30 years (31.1%), and lastly, 25.0% are 46 years and above. This distribution suggests that the responses are largely from the economically active and decision-making age group, which is relevant for assessing awareness, attitudes, and experiences related to green roof initiatives in urban buildings.
Table 4.4: Educational Qualification of Respondents
	Qualification
	Frequency (No.)
	Percentage (%)

	HND/BSc
	35
	43.8

	MSc/MBA
	30
	37.5

	PhD
	15
	18.8

	Total
	80
	100%


Source: Research survey, 2025
The table indicates that the largest group of respondents hold HND or BSc degrees (43.8%), followed by MSc or MBA holders (37.5%), and PhD holders (18.8%). This shows that the majority of respondents are well-educated, suggesting a high level of awareness and potential understanding of the concept and impact of green space roofs on urban buildings.
Table 4.5: Profession of Respondents	
	Occupation
	Frequency (No.)
	Percentage (%)

	Building Owners
	20
	25

	Residents
	10
	12.t

	Architects
	15
	18.8

	Builders
	25
	31.3

	Urban Planners
	5
	6.3

	Environmental Engineers
	5
	6.3

	Total
	80
	100%


Source: Research survey, 2025
The table reveals that the majority of respondents are Builders (31.3%), followed by Building Owners (25%) and Architects (18.8%). This indicates that a significant proportion of the participants are professionals and stakeholders directly involved in the building industry. Their responses provide valuable insights into the practical impact and awareness of green space roofs. Additionally, the inclusion of Residents (12.5%), Urban Planners, and Environmental Engineers ensures a broad perspective on the topic.
4.2.2 Analysis of Research Objectives
Objective 1: Examine the current level of awareness and adoption of green space roofs in Ilorin.
Table 4.6: Awareness
	Response 
	Frequency 
	Percentage (%)

	Yes 
	56
	70

	No 
	24
	30


Source: Research survey, 2025
Table 4.6 presents data on respondents' awareness of green space roofs in Ilorin. The findings indicate that a significant majority 70% of the respondents affirmed their awareness of green space roofs, representing 56 individuals out of the total sample size. On the other hand, 30%, equating to 24 respondents, stated that they were not aware of this concept.
This suggests that there is already a relatively high level of public awareness regarding green space roofing in Ilorin. The result is encouraging, as it implies that the idea of integrating vegetation into rooftop architecture is not entirely new to a large portion of the population. However, the data also reveals that a notable minority still lacks awareness, highlighting the need for targeted awareness campaigns and public education to bridge this gap. By improving awareness, the foundation for increased adoption of green roofing practices in the city can be further strengthened.


Table 4.7: Adoption
	Response 
	Frequency 
	Percentage (%)

	Yes 
	18
	22.5

	No 
	62
	75.5

	Total
	80
	100


Source: Research survey, 2025
Table 4.7 illustrates the extent to which green space roofs have been adopted among respondents in Ilorin. According to the data, only 18 respondents, representing 22.5% of the sample population, reported having adopted green space roofing in their buildings or projects. In contrast, a substantial majority of 62 respondents, accounting for 75.5%, indicated that they have not adopted this form of environmentally sustainable roofing. The total number of respondents was 80.
This result reveals a stark contrast between awareness and actual implementation. While earlier data (Table 4.6) showed that a majority are aware of green space roofs, the current findings highlight that awareness does not necessarily translate into adoption. The low rate of adoption suggests the presence of significant barriers possibly including financial constraints, lack of technical know-how, absence of policy support, or limited access to materials. This gap between knowledge and practice underlines the need for not only awareness campaigns but also practical support systems, incentives, and regulations that can encourage the integration of green roofing technologies in Ilorin.


Objective 2: Evaluate the environmental benefits of green roofs on urban buildings
Table 4.8: Mean Score Summary
	Benefit
	Strongly Agree
	Agree
	Neutral
	Disagree
	Mean Score

	Reduction in building temperature
	35
	30
	10
	5
	4.35

	Improved aesthetic value
	30
	25
	15
	10
	4.20

	Enhanced environmental quality
	32
	28
	10
	10
	4.32

	Stormwater management
	28
	25
	17
	10
	4.13

	Increase in property value
	18
	22
	25
	15
	3.65


Source: Research survey, 2025
Table 4.8 summarizes respondents’ views on the perceived benefits of green space roofs using a Likert scale, with responses ranging from “Strongly Agree” to “Disagree.” The data is presented alongside corresponding mean scores, reflecting the overall level of agreement with each benefit.
Among the listed benefits, the reduction in building temperature received the highest level of support, with 35 respondents strongly agreeing and 30 agreeing, resulting in a mean score of 4.35. This suggests that many respondents recognize the potential of green roofs in mitigating indoor heat and improving thermal comfort.
Similarly, the benefit of enhanced environmental quality was also highly rated, with a mean score of 4.32, indicating strong agreement from the majority of respondents (32 strongly agreed and 28 agreed). This reflects an appreciation of the environmental sustainability that green roofs can offer, including air purification and biodiversity support.
The improvement of aesthetic value ranked closely behind, with a mean score of 4.20, showing that respondents also value the visual and design appeal that green space roofs can contribute to buildings.
Stormwater management another critical ecological benefit garnered a moderate level of agreement, with a mean score of 4.13. While still considered important, the slightly lower score suggests it may be less immediately recognized or experienced by the respondents compared to temperature and aesthetics.
Finally, increase in property value had the lowest mean score of 3.65, indicating more varied opinions. While some respondents acknowledged this economic benefit (18 strongly agreed, 22 agreed), a significant portion remained neutral (25) or disagreed (15). This suggests that the financial value-added aspect of green roofs may not be widely understood or may vary depending on local market conditions in Ilorin.


Objective 3: Identify the challenges and opportunities associated with the implementation of green roofs in Ilorin.
Table 4.9: Perceived Challenges
	Challenge
	Frequency
	Percentage (%)

	High installation cost
	52
	65.0

	Lack of government incentives
	44
	55.0

	Lack of awareness and expertise
	38
	47.5

	Maintenance difficulty
	32
	40.0

	Structural limitations of buildings
	28
	35.0


Source: Research survey, 2025
Table 4.9 outlines the key challenges perceived by respondents in relation to the implementation of green roofs in Ilorin. The most frequently cited challenge is the high installation cost, mentioned by 52 respondents, representing 65% of the sample. This indicates that cost is the most significant barrier hindering the adoption of green roofing systems, suggesting a need for affordable alternatives or financial support mechanisms.
Following closely is the lack of government incentives, identified by 44 respondents (55%). This points to a gap in policy support, such as subsidies, tax reliefs, or regulatory encouragement, which are often critical in promoting environmentally sustainable practices in urban development.
The issue of lack of awareness and technical expertise was also notable, with 38 respondents (47.5%) acknowledging it as a challenge. This reflects both informational and capacity gaps in the community, emphasizing the need for training, professional development, and public education on green roofing technology.
Maintenance difficulty was reported by 32 respondents (40%), suggesting that the perceived or actual complexity of maintaining green roofs such as irrigation, plant care, and structural upkeep might discourage potential adopters.
Lastly, structural limitations of buildings were highlighted by 28 respondents (35%), indicating that many existing buildings may not be designed to accommodate the additional weight or design modifications required for green roofing systems.
4.2.3 4.7 Inferential Analysis
Table 4.10: Chi-Square Test: Awareness vs Adoption
	Test
	Value
	df
	p-value

	Chi-Square
	21.78
	1
	0.000


Source: Research survey, 2025
Table 4.10 presents the results of a Chi-Square test conducted to examine the statistical relationship between respondents’ awareness of green space roofs and their actual adoption of the technology in Ilorin. The Chi-Square test yielded a value of 21.78, with 1 degree of freedom (df) and a p-value of 0.000.
This p-value is less than the standard significance level of 0.05, indicating that the result is statistically significant. In other words, there is a strong association between awareness and adoption of green space roofs. The data suggests that respondents who are aware of green roofs are significantly more likely to adopt them than those who are not aware.
This finding confirms that awareness plays a crucial role in influencing the adoption of green roofing systems. It reinforces the importance of public education, sensitization campaigns, and stakeholder engagement in promoting sustainable building practices in Ilorin. Therefore, efforts aimed at increasing awareness are not only informative but also instrumental in driving behavioural change and adoption.
4.3 Summary of Key Findings
The study sought to examine the level of awareness, adoption, benefits, challenges, and statistical associations related to the implementation of green space roofs in Ilorin. The key findings are summarized as follows:
Firstly, the analysis revealed a high level of awareness of green space roofs among respondents, with 70% indicating awareness, while 30% were unaware. However, despite this relatively high level of awareness, actual adoption remains low, with only 22.5% of respondents reporting that they have adopted green roofs, and a substantial 75.5% indicating non-adoption. This indicates a clear gap between awareness and practical implementation.
The perceived benefits of green roofs were strongly acknowledged by respondents. The most highly rated benefits included reduction in building temperature (mean score: 4.35), enhanced environmental quality (4.32), and improved aesthetic value (4.20). Other notable benefits such as stormwater management (4.13) and increase in property value (3.65) were also recognized, though with comparatively lower levels of agreement.
In terms of challenges, the most significant barrier identified was the high cost of installation, cited by 65% of respondents. This was followed by a lack of government incentives (55%), lack of awareness and technical expertise (47.5%), maintenance difficulties (40%), and structural limitations of buildings (35%). These challenges point to both economic and infrastructural constraints as major obstacles to wider adoption.
Inferential analysis using the Chi-Square test demonstrated a statistically significant relationship between awareness and adoption of green roofs (χ² = 21.78, df = 1, p = 0.000). This finding confirms that awareness significantly influences adoption, underscoring the need for continued public education and awareness campaigns to encourage uptake.
4.4 Discussion of Findings
The findings of this study provide meaningful insights into the current state of awareness, adoption, benefits, and challenges associated with green space roof implementation in Ilorin. These findings are not only reflective of local perceptions and behaviours but also align with broader research in the field of sustainable architecture and urban environmental planning.
The results reveal a high level of awareness (70%) among residents regarding the concept of green space roofs. This is a positive indication that information about environmentally sustainable building practices is increasingly reaching the public. However, despite this encouraging awareness, actual adoption remains considerably low (22.5%). This disconnect suggests that awareness alone does not automatically lead to behavioural change or investment in green infrastructure. This finding is consistent with studies in similar developing urban contexts, where adoption is often limited by practical constraints such as cost and policy gaps.
The Chi-Square test further supports this, showing a statistically significant relationship between awareness and adoption (χ² = 21.78, p = 0.000). This implies that while awareness is a key driver, it is not the sole determinant of adoption. Other factors such as affordability, structural feasibility, and institutional support play a vital role in enabling or hindering uptake.
In terms of perceived benefits, respondents strongly acknowledged the thermal and environmental advantages of green roofs. The highest-rated benefits were reduction in building temperature (mean score: 4.35) and enhanced environmental quality (4.32). These findings align with global literature that cites green roofs as effective tools for urban heat mitigation, air quality improvement, and climate resilience. The positive rating of aesthetic value (4.20) also reflects a growing appreciation for the role of green infrastructure in improving urban landscape design and property appeal.
Conversely, economic and structural barriers emerged as key challenges. High installation cost was the most cited challenge (65%), indicating that financial limitations are a significant deterrent for many potential adopters. Lack of government incentives (55%) and insufficient expertise (47.5%) also reflect systemic gaps in policy and technical capacity. These challenges are common in developing regions where green building technologies are still emerging and often not yet integrated into mainstream construction norms.
Interestingly, maintenance difficulty and structural limitations were noted by 40% and 35% of respondents, respectively. These findings underscore the need for building-specific assessments and technical support to ensure compatibility of green roofing systems with existing architectural designs.
Overall, the findings demonstrate that while there is broad recognition of the value of green roofs, tangible implementation is hindered by cost, policy, knowledge, and infrastructure barriers. This highlights the importance of a multi-dimensional strategy to promote green roofing in Ilorin. Such a strategy should include financial incentives, public-private partnerships, and training programs for professionals, and regulatory frameworks that support sustainable building practices.



CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
This study investigated the awareness, adoption, perceived benefits, challenges, and implementation potential of green space roofs in Ilorin, Nigeria. The research was guided by three core objectives:
1. To examine the current level of awareness and adoption of green space roofs in Ilorin;
2. To evaluate the perceived benefits of green space roofs among residents;
3. To identify the challenges and opportunities associated with their implementation.
The findings showed that while a significant majority of respondents (70%) were aware of green space roofs, only 22.5% had adopted the practice. The benefits most strongly acknowledged included reduction in building temperature (mean score: 4.35), enhanced environmental quality (4.32), and improved aesthetics (4.20). Despite these positive perceptions, the study revealed key barriers: high installation costs (65%), lack of government incentives (55%), and limited awareness and expertise (47.5%).
Furthermore, inferential analysis using the Chi-Square test confirmed a significant relationship between awareness and adoption (χ² = 21.78, p = 0.000), indicating that increased awareness plays a critical role in influencing green roof uptake. However, other structural and economic factors remain pivotal in determining actual implementation.
5.2 Conclusion
The study concludes that although awareness of green space roofing is relatively high among residents in Ilorin, actual adoption is still limited, primarily due to economic, technical, and policy-related constraints. Respondents demonstrated a clear understanding of the environmental and aesthetic benefits of green roofs, but their willingness to adopt is hindered by cost, lack of incentives, and maintenance concerns. The statistically significant link between awareness and adoption suggests that further education and advocacy could lead to greater implementation, but these must be supported by tangible infrastructural and financial frameworks. Overall, the successful promotion of green space roofs in Ilorin will require a multi-faceted approach that integrates policy support, technical guidance, and economic incentives.
5.3 Recommendations
Based on the findings and conclusions, the following recommendations are proposed:
1. Government Incentives and Subsidies: Public authorities should introduce tax reliefs, grants, or subsidies to lower the initial cost of green roof installation for homeowners, developers, and institutions.
2. Public Awareness Campaigns: Sustained education and media campaigns should be implemented to increase public understanding of the environmental, economic, and social benefits of green space roofs.
3. Capacity Building and Training: Technical training programs should be introduced for architects, engineers, and builders to promote the design and construction of structurally compatible green roofs.
4. Policy and Regulatory Framework: Local governments and planning authorities should develop and enforce urban building regulations that support and encourage the integration of green infrastructure in urban planning.
5. Research and Pilot Projects: Academic institutions and environmental agencies should collaborate on demonstration projects and research to assess performance, cost-effectiveness, and long-term impact of green roofing in the local context.
6. Inclusion in Urban Planning: Green roofs should be incorporated into urban master plans and environmental sustainability agendas, particularly in addressing urban heat, flooding, and biodiversity loss.
By implementing these recommendations, stakeholders in Ilorin can overcome existing barriers and foster a more sustainable, resilient, and environmentally conscious urban development model through the widespread adoption of green space roofs.
Bottom of Form
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The aim of this study is to evaluate the role of innovative building materials in promoting sustainable construction, with a particular focus on recent developments, local application, and industry perspectives. You have been carefully selected as a respondent based on your knowledge, professional expertise, or experience in the construction industry.
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AN ASSESSMENT OF THE IMPART OF GREEN SPACES ROOFS ON URBAN BUILDING IN ILORIN, KWARA STATE.
QUESTIONNAIRE
Impact of Green Space Roofs on Urban Buildings in Ilorin, Kwara State
Section A: Demographic Information
1. Gender:
☐ Male   ☐ Female
2. Age Group:
☐ 18–30 years   ☐ 31–45 years   ☐ 46 years and above
3. Educational Qualification:
☐ HND/BSc   ☐ MSc/MBA   ☐ PhD   ☐Others (specify): ____________
4. Occupation:
☐ Architect   ☐ Builder   ☐ Engineer   ☐ Urban Planner   ☐ Resident/Building Owner   ☐ Environmental Officer   ☐ Other (specify): ____________
Section B: Awareness and Adoption of Green Roofs
5. Have you heard of green roofs or green space roofs before?
☐ Yes   ☐ No
6. How did you become aware of green roofs?
☐ Media   ☐ Professional Training   ☐ Academic Studies   ☐ Word of Mouth   ☐ Other: ____________
7. Have you ever seen a building with a green roof in Ilorin?
☐ Yes   ☐ No
8. Have you implemented or recommended green roofs in any project?
☐ Yes   ☐ No
9. If no, what are the main reasons for non-adoption? (Select all that apply)
☐ High cost   ☐ Lack of awareness   ☐ Structural limitations   ☐ No government incentives   ☐ Maintenance issues   ☐Others: ____________
Section C: Environmental and Functional Benefits of Green Roofs
Indicate your level of agreement with the following statements:
10. Green roofs reduce indoor temperature
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
11. Green roofs improve air quality
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
12. Green roofs help in stormwater management
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
13. Green roofs improve the aesthetic appearance of buildings
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
14. Green roofs enhance biodiversity in urban areas
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
15. Green roofs contribute to energy efficiency in buildings
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
Section D: Challenges and Barriers to Implementation
16. What do you perceive as the biggest challenge to adopting green roofs?
☐ High installation cost   ☐ Lack of policy support   ☐ Lack of technical expertise   ☐ Maintenance difficulties   ☐ Structural limitations   ☐Others: ____________
17. Are there any incentives or support available for green roof installation in Ilorin?
☐ Yes   ☐ No   ☐Not sure
18. What kind of support would encourage you or others to adopt green roofs?
☐ Government subsidies   ☐ Technical training   ☐ Policy mandates   ☐ Demonstration projects   ☐Others: ____________
Section E: Perception and Recommendations
19. Do you believe green roofs should be integrated into new urban building policies in Ilorin?
☐ Strongly Agree   ☐ Agree   ☐ Neutral   ☐ Disagree   ☐ Strongly Disagree
20. What would you recommend to improve the adoption of green roofs in Ilorin?
   ____________________________________________________
   ____________________________________________________
Declaration:
All information provided in this questionnaire will be used strictly for academic purposes and treated with confidentiality.

