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Green Building as a Mechanism for Climate Change Adaptation 


ABSTRACT	Comment by Tasnia Bahar Chowdhury/CCP/BRAC: This section requires a comprehensive edit to match the overall paper. 
Need to add more findings than the generic intro.
Climate change poses significant threats to the built environment, particularly in Sub-Saharan Africa where rapid urbanisation intersects with rising temperatures, erratic rainfall, flooding, and energy insecurity. While the building sector is widely recognised for its role in climate change mitigation, its potential contribution to climate change adaptation remains underexplored, especially within developing country contexts like Ghana. This paper examined green building as a mechanism for climate change adaptation by synthesising evidence from existing literature with a contextual focus on Ghana using a systematic review guided by the PRISMA framework. The findings revealed strong consensus that green building principles such as climate-responsive design, use of locally appropriate materials, decentralised renewable energy systems, rainwater harvesting, and circular waste practices, significantly enhance adaptive capacity at building and urban scales. However, the review also highlighted persistent barriers to adoption in Ghana, including high upfront costs, limited technical capacity, weak enforcement of building regulations, and low stakeholder awareness. Embedding adaptation-oriented green building strategies into national policies, building codes, and financing mechanisms is essential to move from isolated pilot projects to large-scale impact. 
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INTRODUCTION
The global climate crisis represents one of the most pressing challenges of the 21st century. Its impacts which include rising global temperatures, increased frequency of extreme weather events, and sea-level rise, transcending national borders and threatening ecosystems, economies, and human settlements worldwide (IPCC, 2022). In response, the international community has increasingly focused on two parallel strategies: climate change mitigation and climate change adaptation. Climate change mitigation addresses the causes of climate change by reducing greenhouse gas emissions and strengthening natural carbon sinks, while climate change adaptation focuses on adjusting human and environmental systems to withstand, manage, and recover from actual or anticipated impacts of climate change (UNEP, 2021). The building and construction sector is critically enmeshed in both strategies, being responsible for nearly 40% of global energy-related carbon dioxide emissions while also housing the populations most vulnerable to climatic shifts (Global Alliance for Buildings and Construction, 2021). This global challenge is acutely felt in the Sub-Saharan Africa region, which is disproportionately vulnerable to the adverse effects of climate change despite contributing the least to its causes. The region faces intensifying threats of prolonged droughts, erratic rainfall patterns, and intense heat waves, which severely strain infrastructure, water resources, agricultural productivity, and ultimately, human health and livelihoods (World Bank, 2020). Rapid urbanization across Sub-Saharan Africa further compounds these vulnerabilities, as burgeoning cities often expand with inadequate planning, leading to the proliferation of informal settlements that are highly susceptible to climate hazards like flooding and heat stress (Ajayi & Adegun, 2019). This context creates an urgent imperative for built environment solutions that are not only low-carbon but also inherently resilient to a changing climate.
Within this regional panorama, Ghana stands as a pertinent case study. As a rapidly developing nation, Ghana is experiencing significant economic growth and urban expansion, particularly in its major cities like Accra, Tema, Sekondi, Takoradi, Tamale, and Kumasi. However, this development is increasingly being threatened by the palpable impacts of climate change. Coastal erosion endangers vital communities and infrastructure along its shoreline, while recurrent and severe flooding in urban centers disrupts lives, damages property, and cripples’ economic activity (Ghana Statistical Service, 2021). Rising temperatures contribute to increased energy demand for cooling, placing additional stress on the national grid and escalating energy costs (Amankwah et al., 2020; Yeboah et al., 2025). Conventional building practices in Ghana, which often prioritize low initial cost without considering long-term operational efficiency or environmental impact, are ill-suited to address these mounting challenges. They frequently rely on energy-intensive materials and designs that exacerbate the urban heat island effect and depend heavily on artificial cooling systems (Ofori-Boadu et al., 2018). This underscores a critical gap in the current approach to construction and urban development. It is against this backdrop that the concept of green buildings emerges as a potential catalyst for systemic change. Green building is defined as a holistic practice that seeks to increase the efficiency with which buildings and their sites use energy, water, and materials while reducing building impacts on human health and the environment across the entire lifecycle (U.S. Environmental Protection Agency, 2023). While often celebrated for their mitigation benefits through energy and water conservation, the inherent design principles of green buildings such as passive solar design, enhanced ventilation, use of thermal mass, rainwater harvesting, and sustainable site selection are fundamentally aligned with adaptation objectives. These features can significantly enhance a building’s resilience to heat, flooding, and water scarcity (Zuo & Zhao, 2014). However, the specific role of green building design as a strategic tool for climate change adaptation remains underexplored within the Ghanaian context. While studies have examined drivers and barriers to green building adoption broadly (Darko et al., 2017), there is a paucity of research that systematically investigates its potential to fortify Ghana’s built environment against climatic risks. Therefore, this paper seeks to address this knowledge gap by investigating how green building practices can serve as a mechanism for climate change adaptation in Ghana. It examines the adaptive capacities of green building features, assess the current policy and market landscape, and propose a framework for integrating adaptation core into Ghana’s sustainable construction agenda.
2.0 LITERATURE REVIEW
2.1 Overview of Green Building in Ghana 
The conversation around green buildings in Ghana has grown steadily as the country confronts the realities of climate change. Communities are dealing with hotter temperatures, unpredictable rainfall, and frequent flooding, all of which put pressure on homes and infrastructure (IPCC, 2022; Adenle et al., 2017). Conventional building methods, which often depend on heavy use of cement, steel, and other energy-demanding materials, are not well suited to these challenges. Green buildings are emerging as an alternative, promoting designs that save energy, use natural ventilation, reduce water waste, and integrate renewable technologies such as solar power (Ahmadizadeh et al., 2024; Ingrao et al., 2018). These approaches are not only environmentally responsible but also improve the comfort and well-being of occupants (Berry & Davidson, 2015). Despite their potential, green building practices are still in the early stages of adoption in Ghana. The Ghana Green Building Council has been active in creating awareness and encouraging professional training, while government has introduced policies aimed at improving energy efficiency in the construction sector (Ali et al., 2021). The pace of progress has been slow. High initial costs, limited technical skills, and low public awareness continue to discourage developers and homeowners (Ikram et al., 2021; Cui et al., 2020). For many, the long-term benefits such as reduced energy bills and healthier living conditions, are overshadowed by the upfront expenses of adopting sustainable designs (Akomea-Frimpong et al., 2022; Agwu et al., 2024; Hoffman & Henn, 2008). Even with these barriers, there are promising examples of green building in practice. A few pilot projects in the cities of Accra and Kumasi demonstrate that sustainable construction is possible and can be adapted to the local context (Ali et al., 2021, Dankwah, 2024, Owusu-Ansah, 2024). These projects show how eco-friendly approaches can be integrated into urban housing and infrastructure, especially at a time when Ghana’s cities are rapidly expanding. If scaled up, the initiatives could play an important role in reducing emissions, strengthening energy security, and helping communities adapt to climate risks (Cohen et al., 2021; Misra, 2014; Debrah et al., 2022). In this way, green building is not just an innovation but a necessary step toward creating more climate change resilience and sustainable cities in Ghana.
2.2 Adaptation Strategies 
Climate change continues to threaten the stability of human settlements, and the challenge is even more pressing in fast-growing countries like Ghana. Rising temperatures, erratic rainfall, and flooding are already shaping the way communities live and interact with their environment (IPCC, 2022; Adenle et al., 2017). To cope with these realities, different forms of adaptation have been developed, ranging from national policy measures to community-based practices (Kom et al., 2020; Misra, 2014). Globally, approaches such as technological innovation, sustainable planning, and ecosystem restoration have been emphasized (Owusu & Asumadu-Sarkodie, 2016, Aronson et al., 2020). These ideas are gradually finding space in Ghanaian urban development debates, with green building practices emerging as one of the most promising avenues (Ali et al., 2021; Addy et al., 2021). Unlike stand-alone interventions, green buildings offer a more integrated approach, bringing together energy efficiency, water management, sustainable materials, and nature-based solutions under a single framework that can support both climate resilience and sustainable urban growth (Ahmadizadeh et al., 2024; Ingrao et al., 2018; Owusu-Manu et al., 2023). Green building adaptation strategies have to do with building design and construction materials, energy efficiency, water efficiency, and waste management.
Design and Materials: In Ghana, building design and material choices are key strategies for climate change adaptation. Proper orientation to maximize daylight and natural ventilation reduces reliance on cooling systems, while the use of local materials such as laterite blocks and bamboo provides affordable, low-carbon, and climate-resilient alternatives (Ahmadizadeh et al., 2024; Adenle et al., 2017). These approaches not only enhance energy efficiency and comfort but also reflect local cultural and economic realities, making design and material considerations practical pathways for advancing green buildings as tools for adaptation (Owusu & Asumadu-Sarkodie, 2016; IPCC, 2022; Ingrao et al., 2018).
Efficient and Renewable Energy: Energy efficiency and renewable energy are central to adapting buildings to climate change. By reducing unnecessary energy use through measures like natural ventilation, proper insulation, and efficient appliances, buildings become less dependent on unstable power supplies while lowering costs and emissions (Ingrao et al., 2018; Cohen et al., 2021). In Ghana, where electricity demand is rising and supply is often unreliable, renewable options such as solar power provide a practical and resilient alternative to fossil fuels (Owusu & Asumadu-Sarkodie, 2016; Ali et al., 2021). Together, these strategies not only cut environmental impacts but also strengthen the ability of communities to cope with energy challenges, making green buildings an important pathway for sustainable and climate-resilient development (Adenle et al., 2017; IPCC, 2022; Owusu-Manu et al., 2023).
Water Efficiency: Water efficiency is a vital adaptation strategy in green building design, especially in countries like Ghana where climate change is altering rainfall patterns and straining water resources (IPCC, 2022; Misra, 2014). By adopting measures such as rainwater harvesting, greywater reuse, low-flow fixtures, and climate-friendly landscaping, green buildings reduce unnecessary water use while ensuring long-term resilience (Ingrao et al., 2018; Owusu-Manu et al., 2023). These practices not only lower utility costs but also help communities cope with increasing water stress, making buildings more sustainable and better prepared for future climatic challenges (Adenle et al., 2017; Ali et al., 2021). In this way, water efficiency supports both environmental conservation and climate adaptation in Ghana’s urban development (Tozer, 2020; Chan et al., 2018; Addy et al., 2021).
Waste Management: Waste management forms a crucial part of green building practices and offers Ghana a practical way to respond to the pressures of climate change. Through strategies such as reducing construction waste, recycling, and reusing materials, green buildings ease the strain on natural resources while supporting more responsible urban growth (Ahmadizadeh et al., 2024; Ingrao et al., 2018). In Ghana’s fast-growing cities, where waste disposal remains a pressing challenge, these measures can lower pollution, safeguard public health, and strengthen community resilience (Ali et al., 2021; Addy et al., 2021). The IPCC (2022) stresses that sustainable waste management does not only limit environmental damage, it also helps protect ecosystems and enhances the capacity of societies to adapt to climate risks. By embedding waste management into the design and operation of buildings, Ghana can move toward cleaner, healthier, and more climate-ready urban spaces.
2.3 Green Building  
Climate change is forcing societies to rethink how the built environment is designed and managed. Rising temperatures, erratic rainfall, and frequent flooding are placing immense pressure on buildings and infrastructure, exposing the limits of traditional construction approaches that are often ill-prepared for such stresses (IPCC, 2022; Adenle et al., 2017). As a result, attention has been drawn to green building as a practical strategy to strengthen both sustainability and resilience (Owusu & Asumadu-Sarkodie, 2016; Misra, 2014). Green buildings go beyond conventional construction by incorporating features that lower environmental impacts while enhancing the ability of structures to withstand climate-related risks (Saleh et al., 2024; Ezeani et al., 2025). Practices maximizing natural ventilation, installing energy-efficient systems, harvesting rainwater, and using sustainable materials ensure that these buildings are better suited to cope with extreme weather events (Ahmadizadeh et al., 2024; Ingrao et al., 2018). At the same time, they help cut reliance on fossil fuels, improve energy efficiency, and provide healthier and more comfortable indoor spaces, aligning with both mitigation and adaptation goals (Berry & Davidson, 2015; Cohen et al., 2021). In Ghana, the relevance of green building is particularly strong given the country’s rapid urban growth and mounting climate pressures. Introducing renewable energy systems, water-saving technologies, and locally sourced materials into building designs can ease environmental strain while helping communities adapt to challenges such as heatwaves and flooding (Ali et al., 2021; Owusu-Manu et al., 2023). Yet, widespread adoption has been held back by barriers including high initial costs, weak enforcement of building codes, and limited awareness among developers and homeowners (Listokin & Hattis, 2005; Choi, 2009). Even so, increasing interest from government institutions, financial actors, and professionals’ signals that the momentum is building (Chan et al., 2018; Addy et al., 2021).
3.0 METHODOLOGY 	Comment by Tasnia Bahar Chowdhury/CCP/BRAC: The methodology part is too broad. Need to be more precise and short.
This article utilises a systematic review approach to examine the role of green buildings as a conduit for climate change adaptation through the synthesis of existing peer-reviewed literature. Literature reviews are carried out for several purposes. According to Paré et al. (2015) and Paré and Kitsiou (2017), these include: (i) providing a clear overview of the existing knowledge base within a specific research domain; (ii) examining the extent to which prior studies reveal consistent patterns or trends within the literature; (iii) consolidating empirical evidence relevant to a defined research question in order to support analytical validity; (iv) contributing to the development or refinement of conceptual frameworks and theoretical perspectives; and (v) identifying gaps in current knowledge that suggest directions for future research.
In this paper, the review undertaken explored how green buildings can be used as a tool for climate change adaptation. The process was guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (2020) reporting framework, which offers internationally accepted standards for conducting and reporting systematic reviews and helps to minimise selection bias (Page et al., 2021). A strategic literature search was conducted across some academic databases including ScienceDirect, Scopus, Taylor & Francis Online, and Google Scholar. The search strategy employed carefully selected keywords and Boolean operators to capture studies related to green buildings, climate change, the built environment and was limited to peer-reviewed journal articles published in English to ensure quality and relevance. Clear inclusion and exclusion criteria were defined prior to screening in order to maintain objectivity; eligible studies addressed the research topic directly and presented empirical, theoretical, or review-based contributions, while editorials, conference papers, and studies lacking sufficient methodological detail were excluded. Following the removal of duplicate records, titles and abstracts were screened, after which full-text articles were assessed for final inclusion. The selection process was documented using a PRISMA flow diagram, enhancing transparency and reproducibility (Moher et al., 2009; Page et al., 2021). Data were extracted systematically using a standardised framework capturing key study characteristics, methodological approaches, and main findings. To ensure the robustness of the synthesis, the methodological quality of included studies was assessed using established appraisal principles for systematic reviews (Petticrew & Roberts, 2006). Given the diversity of study designs and outcomes, findings were integrated through a narrative and thematic synthesis, an approach considered appropriate when statistical meta-analysis is not feasible and when the aim is to identify patterns, themes, and research gaps across studies (Popay et al., 2006). As the review relied solely on previously published material, ethical approval was not required, and all sources were appropriately acknowledged to maintain academic integrity.


Fig. 1. PRISMA Flow Diagram
Source: Authors’ Construct

3.1 Contextual Focus on Ghana
Ghana, located in West Africa, is divided into sixteen administrative regions as shown in Fig. 2. Ghana offers a compelling setting for exploring green buildings as a response to climate change, as the effects of unpredictable rainfall and frequent flooding are already being felt across many communities (IPCC, 2022; Adenle et al., 2017). Rapid urban growth, particularly in cities such as Accra and Kumasi, has increased pressure on housing and infrastructure, often stretching existing systems beyond their limits. Much of this growth has relied on conventional construction methods that depend heavily on energy-intensive materials and mechanical cooling, making buildings less suited to a warming and increasingly unstable climate (Ingrao et al., 2018; Owusu & Asumadu-Sarkodie, 2016). Against this backdrop, interest in green building practices is gradually emerging in Ghana as a more climate-responsive way of designing and managing the built environment. Approaches such as designing buildings to encourage natural ventilation, using locally sourced and low-carbon materials, integrating solar energy, and improving water efficiency speak directly to Ghana’s environmental and infrastructural realities (Ahmadizadeh et al., 2024; Ingrao et al., 2018; Owusu-Manu et al., 2023). These strategies are particularly relevant in a context where electricity supply can be unreliable and water resources are increasingly under strain, making efficiency and self-sufficiency important elements of climate adaptation (Owusu & Asumadu-Sarkodie, 2016; Misra, 2014; IPCC, 2022). Despite their growing relevance, green buildings remain relatively uncommon in Ghana. High upfront costs, limited technical expertise, weak enforcement of building regulations, and low awareness among developers and homeowners continue to slow adoption (Ikram et al., 2021; Cui et al., 2020; Akomea-Frimpong et al., 2022). Even so, a small number of projects in Accra and Kumasi show that green building principles can be successfully adapted to local conditions, offering practical examples of how buildings can support both environmental sustainability and climate resilience (Ali et al., 2021). Increasing engagement from professional bodies and policy institutions further suggests that interest in climate-responsive construction is slowly gaining momentum (Chan et al., 2018; Addy et al., 2021).	Comment by Tasnia Bahar Chowdhury/CCP/BRAC: Please use more recent reference. Preferably, 2020 and above.
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Fig. 2. Map of Ghana with its administrative regions
Source: Ministry of Foreign Affairs, 2026
4.0 ANALYSIS AND DISCUSSION 
This chapter focuses on the analysis and discussion of key findings from a systematic review of literature. Table 1 and 2 below summarize the themes of design and materials and water efficiency, with relevant articles organized under each theme. Each entry is summarized to provide key insights pertinent to green buildings for climate change adaptation. 
Theme 1: Design and Materials
Building design and construction materials have lasting impact on how well they cope with Ghana’s changing climate. Picking the right materials, thinking about their long-term effects, and having supportive policies can save energy, cut emissions, and make spaces more comfortable. Together, these approaches ensure buildings are both eco-friendly and well-suited to local conditions.



Table 1. Key syntheses from literature on impact of building design and construction materials on resilience to Ghana’s changing climate.
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance to Ghana

	Ali et al.
	2021
	Assess green economy implementation in Ghana
	Policy and literature review
	Institutional support exists but adoption remains weak due to cost and capacity gaps
	Highlights need for policy incentives to mainstream green building for adaptation

	Ingrao et al.
	2018
	Explore life-cycle approaches for sustainable buildings
	Review of life-cycle assessment studies
	Life-cycle thinking improves energy, water, and material efficiency
	Provides framework for designing climate-resilient buildings in Ghana

	Ahmadizadeh et al.
	2024
	Investigate sustainable building materials
	Technical and case-based review
	Sustainable materials reduce emissions and improve thermal comfort
	Reinforces use of climate-appropriate materials for Ghanaian conditions


Source: Authors’ Construct, 2026
Theme 2: Energy Efficiency and Renewable Energy
Research on energy efficiency and renewable energy consistently shows how vital they are for building climate-responsive systems in Ghana. Earlier work by Owusu and Asumadu-Sarkodie (2016) explains that expanding the use of renewable energy, particularly solar power, can strengthen energy security and reduce exposure to climate risks by easing reliance on an unreliable national grid. In a related vein, Cohen et al. (2021) demonstrate that buildings designed to meet net-zero and high energy-efficiency standards not only cut emissions but also reduce long-term operating costs, making sustainability both environmentally and economically sensible. More recent contributions by Owusu-Manu et al. (2023) further show that energy-efficient construction enhances a building’s ability to adapt to climate stress, offering practical approaches for assessing and improving the climate resilience of green buildings in Ghana.
Theme 3: Water Efficiency
Water efficiency is essential for sustainable and climate-resilient buildings, especially in Ghana where rainfall is unpredictable. Efficient water uses not only conserves resources but also enhances building performance and resilience. Strategies like rainwater harvesting and greywater reuse help support both sustainability and climate adaptation.
Table 2. Key syntheses from literature on building designs and water-related climate resilience relevant to Ghana 
	Author(s)
	Year
	Objectives
	Methodology
	Key Findings
	Relevance to Ghana

	Misra
	2014
	Examine climate change impacts on water and food security
	Analytical review of climate–water linkages
	Climate change intensifies water scarcity; efficient use is critical
	Supports water-efficient building design amid Ghana’s erratic rainfall

	Ingrao et al.
	2018
	Assess how life-cycle tools improve building sustainability
	Life Cycle Assessment (LCA) analysis
	Water-saving strategies reduce environmental burdens across building life
	Justifies rainwater harvesting and greywater reuse in Ghanaian buildings

	Owusu-Manu et al.
	2023
	Develop framework for environmental performance in construction
	Framework development with empirical testing
	Water efficiency improves resilience and environmental performance
	Provides metrics to assess adaptive capacity of green buildings in Ghana


Source: Authors’ Construct, 2026
Theme 4: Waste Management
Research on waste management shows just how important it is for creating sustainable and climate-resilient buildings, especially in fast-growing cities like those in Ghana. Ahmadizadeh et al. (2024) point out that using materials more efficiently and recycling during construction can greatly cut down on waste, providing practical ways to tackle the growing trash problem in urban areas. Similarly, Ingrao et al. (2018) highlight those careful choices in design and materials, considered over a building’s entire life, can significantly reduce waste, supporting the idea of circular construction where resources are reused and nothing is wasted. In Ghana, Ali et al. (2021) stress that reducing waste is not just about construction—it is key to building a green economy, connecting sustainable building practices with the country’s long-term goals for growth and resilience.
4.1 Design and Materials
Across the literature, there is strong agreement that building design and material selection are foundational to climate adaptation, yet authors differ in the emphasis they place on contextual integration versus technical efficiency. Adenle et al. (2017) frame adaptation primarily as a development-planning issue, arguing that Africa’s vulnerability stems from weak integration of climate considerations into infrastructure and urban design. Their macro-level perspective contrasts with Ahmadizadeh et al. (2024), who adopt a more technical stance by demonstrating how sustainable and climate-appropriate materials directly enhance thermal comfort and reduce exposure to heat stress. 	Comment by Tasnia Bahar Chowdhury/CCP/BRAC: Use recent papers as a reference. Preferably 2020 and above.
Ingrao et al. (2018) bridge these positions by introducing life-cycle thinking, emphasizing that adaptation benefits emerge not only from material choice but from considering environmental impacts across a building’s entire lifespan. This approach aligns closely with Owusu-Manu et al. (2023), who empirically show that green construction practices improve both environmental and adaptive performance when evaluated using structured performance metrics. While these studies converge on the adaptive value of green materials, they differ in scale: some focus on policy and frameworks, while others emphasize building-level performance. 
In the Ghanaian context, this comparison reveals an important insight. Traditional construction methods, often driven by low initial costs, prioritize concrete and steel without regard to long-term thermal performance or climate resilience. By contrast, locally available materials such as laterite blocks, compressed earth, and bamboo, highlighted by Ahmadizadeh et al. (2024), offer both affordability and climatic suitability. However, Ali et al. (2021) caution that despite institutional support for green practices in Ghana, adoption remains limited due to weak incentives and capacity constraints. This suggests that while design and material-based adaptation is technically viable, its effectiveness depends on stronger policy alignment and professional capacity building. Overall, the literature collectively demonstrates that climate-responsive design and material selection are among the most cost-effective adaptation strategies. Yet, the contrast between theoretical potential and practical uptake in Ghana highlights the need for policies that mainstream climate-responsive design as a standard rather than an alternative option.
4.2 Efficient and Renewable Energy
The reviewed studies consistently identify energy efficiency and renewable energy as central to both mitigation and adaptation, though they differ in how they frame resilience outcomes. Owusu and Asumadu-Sarkodie (2016) emphasize renewable energy from a national energy security perspective, arguing that decentralized systems such as solar power reduce vulnerability to climate-induced power disruptions. Their argument is reinforced by Cohen et al. (2021), whose empirical analysis shows that energy-efficient and net-zero buildings significantly lower operational costs and emissions while enhancing resilience during extreme climate events. In contrast, Ali et al. (2021) approaches the issue from a governance perspective, noting that although Ghana has demonstrated policy intent toward green energy integration, implementation remains weak due to financial and technical barriers. This contrasts with Owusu-Manu et al. (2023), who demonstrate through performance frameworks that energy-efficient buildings measurably improve adaptive capacity by reducing dependence on external energy systems. The comparative strength of these studies lies in how they collectively show that energy efficiency operates at multiple levels: household, building, and national systems. In Ghana, where rising temperatures are increasing cooling demand and electricity supply remains unstable, reliance on conventional, energy-intensive buildings exacerbates climate vulnerability. Solar-integrated green buildings, therefore, serve not only as mitigation tools but as adaptive infrastructure capable of maintaining functionality during heatwaves and power outages. The contrast between technical feasibility and institutional readiness is again evident. While the literature confirms that energy-efficient green buildings significantly enhance resilience, Ghana’s challenge lies in translating policy ambition into enforceable standards and affordable financing mechanisms. This reinforces the argument that adaptation benefits are maximized only when green building principles are embedded within national climate and energy strategies.
4.3 Water Efficiency
Water efficiency emerges as a critical adaptation theme, particularly in regions experiencing increasing rainfall variability. Misra (2014) presents a broad analytical view, highlighting how climate change intensifies water scarcity and threatens food and urban water security. This perspective is complemented by Ingrao et al. (2018), who provide empirical evidence that water-saving technologies such as rainwater harvesting and greywater reuse significantly reduce environmental burdens throughout a building’s life cycle. Owusu-Manu et al. (2023) extend this discussion by quantitatively linking water efficiency measures to improved environmental and adaptive performance in construction projects. Unlike Misra (2014), whose focus is primarily systemic, Owusu-Manu et al. demonstrate how building-level interventions directly enhance resilience. 
In Ghana, these findings are particularly relevant. Erratic rainfall patterns, seasonal water shortages, and flooding in urban areas expose the inadequacy of conventional water-dependent building designs. Green buildings that integrate rainwater harvesting, low-flow fixtures, and climate-responsive landscaping reduce pressure on municipal water systems while improving household-level resilience. The contrast between traditional water-intensive buildings and green, water-efficient designs underscores how adaptation can be achieved through relatively simple, decentralized measures. However, despite the demonstrated benefits, adoption remains limited due to weak enforcement of building codes and low public awareness. The literature therefore suggests that while water-efficient green buildings offer high adaptive value, institutional support and regulatory frameworks are necessary to scale these practices across Ghana’s rapidly urbanizing cities.
4.4 Waste Management
Waste management is often underemphasized in climate adaptation discourse, yet the reviewed studies reveal its growing importance. Ahmadizadeh et al. (2024) highlight how sustainable materials and efficient construction techniques significantly reduce waste generation, thereby lowering environmental and climate-related risks. Their findings contrast with Ingrao et al. (2018), who focus more on life-cycle assessment and demonstrate that waste impacts can be mitigated through early design decisions rather than end-of-life interventions alone. Ali et al. (2021) broadens the discussion by situating waste management within Ghana’s green economy agenda, arguing that waste reduction is essential for sustainable growth and long-term resilience. While Ahmadizadeh et al. emphasize technical solutions, Ali et al. stress policy coherence and institutional alignment. 
In Ghana’s urban context, poor waste management exacerbates flooding, pollution, and public health risks, particularly during extreme rainfall events. Green buildings that prioritize material efficiency, recycling, and reuse contribute to adaptation by reducing landfill pressure and improving urban environmental quality. The contrast between conventional construction, which generates significant waste, and green, circular approaches highlights how waste management functions as both an environmental and adaptive strategy. Collectively, the literature suggests that waste-efficient green buildings enhance resilience indirectly by improving ecosystem health and urban functionality. However, as with other themes, the effectiveness of these strategies in Ghana depends on regulatory enforcement, market incentives, and professional capacity development.
5.0 SUMMARY OF FINDINGS
Building design and material selection play a pivotal role in climate adaptation in Ghana, where traditional methods often neglect long-term thermal performance. Sustainable, locally appropriate materials such as laterite blocks, compressed earth, and bamboo not only reduce heat exposure but also increase energy efficiency (Ahmadizadeh et al., 2024; Adenle et al., 2017). Life-cycle approaches further emphasize the importance of considering environmental impacts across a building’s lifespan (Ingrao et al., 2018), while structured performance frameworks confirm that green construction improves adaptive capacity (Owusu-Manu et al., 2023). Despite institutional support, adoption remains limited by weak incentives, climate change focused policies, and professional capacity gaps (Ali et al., 2021).
Energy efficiency and renewable energy are central to mitigating climate risks and ensuring resilience. Decentralized solutions like solar power reduce dependence on Ghana’s unstable grid and enhance functionality during extreme weather (Owusu & Asumadu-Sarkodie, 2016). Empirical evidence shows energy-efficient and net-zero buildings lower operational costs while improving adaptation outcomes (Cohen et al., 2021; Owusu-Manu et al., 2023). Yet, policy ambition often outpaces implementation due to financial and technical barriers, highlighting the need for integrated national strategies (Ali et al., 2021).
Water efficiency is critical given Ghana’s variable rainfall and seasonal shortages. Rainwater harvesting, greywater reuse, and low-flow fixtures can substantially reduce environmental stress and strengthen household-level resilience (Misra, 2014; Ingrao et al., 2018; Owusu-Manu et al., 2023). Traditional water-intensive buildings exacerbate vulnerability, whereas climate-responsive water management alleviates pressure on municipal systems and improves urban functionality. Scaling these interventions requires stronger enforcement of building codes and increased public awareness.
Effective waste management enhances resilience indirectly by improving environmental quality and reducing flood and pollution risks. Sustainable material uses and circular construction techniques minimize waste generation, while life-cycle strategies emphasize early design decisions to prevent environmental impacts (Ahmadizadeh et al., 2024; Ingrao et al., 2018). Integrating waste reduction into Ghana’s green economy agenda aligns with sustainable urban growth (Ali et al., 2021), but successful implementation depends on regulatory enforcement and market incentives.
6.0 CONCLUSION
Green buildings in Ghana can strengthen climate resilience by using locally suitable materials such as laterite blocks, compressed earth, and bamboo, which are both affordable and climate-appropriate. Their adoption can be supported through builder training programs, developer incentives, and policies that promote climate-responsive design, making sustainable construction more accessible while ensuring long-term durability and thermal comfort in urban environments.
Energy efficiency and solar integration can significantly reduce reliance on the unstable national grid while lowering operational costs. Implementing net-zero building designs, enforceable energy standards, and financial support such as low-interest loans or grants can help households and developers adopt these technologies, ensuring buildings remain functional during heatwaves or power outages and contributing to national energy resilience.
Water-saving strategies such as rainwater harvesting, greywater reuse, and low-flow fixtures can enhance urban resilience against erratic rainfall and seasonal shortages. These measures can be expanded through regulations for new developments, incentives for retrofitting existing buildings, and public awareness campaigns, ensuring both households and communities adopt efficient water use practices that support sustainable urban growth.
Efficient waste management can reduce environmental hazards and strengthen urban ecosystem health while supporting circular construction practices. Promoting recycling, sustainable material use, and enforcement of urban waste management standards ensures construction and municipal waste are minimized, helping cities remain cleaner, safer, and more resilient to climate-related events such as flooding and pollution.
Ultimately, these solutions provide a practical, feasible, and integrated framework to building climate-resilient, sustainable, and livable cities in Ghana. By embedding green building principles into material selection, energy systems, water management, and waste practices, the country can develop urban environments that are both environmentally responsible and adaptable to future climate challenges.
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